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AThorn Ericsson PABX can provide over twenty aids 
to efficient communications. Here is one of them

Name

•J> Other facilities available include:
*** Barred Extensions (stops unauthorised 
calls). Hold for Enquiry, Repeated Enquiry, 
Camp-on Busy. Call Announcing, Trunk 
Offering, Parking Incoming calls, Automatic 
Transfer, Night Service
(Threemethods). InterPABXconnexion 
(Private wires). Group Calling. Direct 
Dialling-in, Automatic Call Back and 
many more

Please arrange for me to have:
details of PABX's ' '
A technical adviser (appointment ) Q 
A Demonstration of PABX !

SAVE TIME. Simply clip this coupon to 
your letter heading and send to 
Thorn Ericsson, Freepost, Horsham, Sussex.

No stamp needed

After an incoming call has 
been routed to an extension 
by the operator, the 
extension can transferthe 
call automatically to another 
extension by use of the service 
button on the instrument. 
To avoid a 'lost' call, special 
safeguards have been 
built into the system.

For optimum efficiency 
and maximum flexibility

Automatic 
Transfer

AThorn Ericsson PABXcan be built 
up with extra lines, extensions or 
facilities as traffic needs increase.

Planning ahead with a Thorn 
Ericsson 561 or 562 PABX will 
give you that efficiency and 
flexibility that is a real investment.

Contact: PABX Division, Thorn 
Ericsson Telecommunications 
(Sales) Ltd., Viking House, 
Foundry Lane, Horsham, Sussex. 
Telephone Horsham 64166.

Thorn 1
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Key-Dial Tester

from
WALTON ELECTRONICS

Designed as a lightweight, portable, service aid for engineers 
to measure simultaneously Dual Tone Multi-Frequencies (DTMF) 
and levels at the subscribers installation or at the exchange, 
and give a clear pass/fail indication within specification limits 
for frequency and level,

FEATURES:­

* Frequency detect bandwidth: - 2% of f0
* Wide dynamic range -25 dBm to + 4 dBm
* Typically 2000 complete 12 character measurements 

using standard PP3 9Volt battery
* Supplied complete and ready to use with all accessories
* Also available to order as a rack mounting, line 

powered unit for main exchange use.
* Distributed world-wide through approved agents 

For further information please contact:—

WALTON ELECTRONICS LTD.
PEMBROKE HOUSE. 11 NORTHLANDS PAVEMENT. PITSEA. BASILDON. ESSEX. SS13 3DX 
Telephone:- Basildon 551715 Telex:- 995163

SWITCHGEAR 
FOR 

INDUSTRY

• Vacuum circuit breakers 
up to 15kV

r • Vacuum contactors 
upto7-2kV.

* • Air breakcircuit breakers 
Fm and contactors upto7-2kV 
r - • Low voltage air break

circuit breakers upto 660V
K. • High speed DC circuit 
£ breakers upto3000V.

Whipp & Bourne (I975| ltd
CASTLETON • ROCH DALE«L ANCS’ENGLAND 

Tel: Rochdale 32051 (10lines)Telex:63442 
Member of Babcock Industrial & Electrical Products Limited.
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Maybe your product 
could benefit from a change to 

Triplee Aluminium Wire 
Many traditional copper users are already proving it 

better value £ for lb!

For example:
* Telephone Cables
* Enamelled Wires
* Electric Motors
* Capacitors
* Solenoids
* Battery Cables
* Small Flexible Cables
* High Ampere Welding Cable

Some copper users have already changed to 
TRIPLEE Aluminium Wire, because £ for lb it’s better 
value and offers a light and flexible conductor when 
insulated with plastics, enamels or papers.

It can be used in so many applications for 
tomorrow’s products.

TRIPLEE
ALUMINIUM ALLOY CONDUCTORS

Viking Alloys Limited
Spencer Works, P.O. Box 14, Denby Dale Road, 

Wakefield WF2 7BD, England.
Telephone (0924) 75172, Telex: 557274.



Mullard is a leading supplier of components 
used by the Post Office
Mullard Limited, Mullard House, 
Torrington Place, London WC1E 7HD. 
Telephone: 01-580 6633
Telex: 264341 Mullard
Mullard manufacture and market electronic components under the Mullard, Philips and Signetics Brands.
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EDITORIAL
In all spheres of electronic engineering there are great 
expectations that the 1980s will bring still further ad­
vancements in the application of new technology; in 
particular, the use of‘chips’ and microprocessors. In the 
British Post Office (BPO), the introduction of a network 
of digital transmission and switching systems is antici­
pated. It is perhaps appropriate, at the start of a new 
decade, to review briefly the origins of the Journal and 
the role it has played in recording the history of the 
growth and development of the BPO telephone network 
and its communication services.

The Institution of Post Office Electrical Engineers 
(IPOEE) was formed in 1906 “to promote the general 
advancement of electrical and telegraphic science and its 
applications, and to facilitate the exchange of information 
and ideas on these subjects amongst the members of the 
Institution . . .”. These essential principles have remained 
intact throughout the lifetime of the Institution. The 
Journal of the IPOEE was first published in April 1908 
to promote the aims of the IPOEE.

At all times in its long history, the Journal has en­
deavoured to keep the members of the IPOEE advised- 
of the latest developments in the many areas of BPO 
involvement, and has provided a service to students 
sitting the City and Guilds of London Institute examin­
ations (and, more recently, those of the Technician 
Education Council),

The Journal has earned a reputation as a prestigious 
publication, not only among IPOEE members but by a 
significant number of people outside the BPO, both 
within the UK and abroad (the Journal is distributed to 
readers in over a 100 countries).

The Editors strive to maintain a balance of content 
and technical level to meet the needs of its many IPOEE 
readers, who are drawn from all levels and many disci­
plines within the BPO. To this end, contributions from 
readers are invited.

To quote from the foreword to the first-ever publi­
cation of the Journal, “It shall be our earnest endeavour 
to keep our pages open for the free and healthy discussion 
of all subjects relevant to our profession, and at the same 
time to secure that nothing unworthy shall sully them".
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Digital Local Networks
J. M. GRIFFITHS?

UDC621. 395 . 743: 621. 374

This article briefly reviews previous proposals for digital opera!ion in the local network. It then considers 
possible methods for providing 64 kbitjs voice-equivalent paths to customers using existing pairs, together 
with the signalling techniques and applications of such a system.

INTRODUCTION
Telecommunications has developed from the telegraph to 
include telephony, data transmission, facsimile and many 
other services. These services have essentially one feature in 
common—they use electronic means to convey information 
from one place to another. Apart from the very early years of 
telecommunications, in the UK, telephony has been the 
dominant service1 and, as a result, other services have often 
exploited the public switched telephone network (PSTN). In 
some cases, the characteristics of the PSTN have proved 
excessively restrictive to other services, which have transferred 
to their own specialized networks; examples are the Telex2 
and data networks3.

In the case of television distribution, the PSTN was clearly 
unsuitable and a separate network was required from the 
outset4. The restrictions leading to the formation of separate 
networks are due to several features of the PSTN:

(n) the limited bandwidth;
(b) the slow call set-up; and
(c) the limited signalling interaction possible between 

customer and network, particularly for terminals that do not 
need human intervention.

These restrictions are a result of the distributed control, 
electromechanical exchanges, and the traditional 3-4 kHz 
bandwidth provided for analogue telephony transmission. 
Digital telephony transmission systems arc now being used by 
the British Post Office (BPO)5, in which speech is transmitted 
as a 64 kbit/s data signal, and System X digital exchanges6 
will also switch speech paths in this form. Alternatively, the 
64 kbit/s path can be used to provide a much higher rate 
digital data channel than that available on the present PSTN. 
For telephony, digital transmission gives the advantage of a 
reduced range of speech levels offered to the customer, 
because of the elimination of switching and transmission 
losses in the main and junction networks. Call set-up is also 
more rapid with electronic exchange control.

However, these advantages cannot be fully exploited unless 
digital paths are extended all the way to the customer. If 
digital links are provided in the local network, together with 
an integral comprehensive and fast signalling system, this 
restriction of the PSTN is removed.

Having thereby enhanced the PSTN, the need for separate 
data networks probably disappears and all services can 
co-exist, thus obtaining economies of scale. This enhanced 
PSTN is known as an integrated services digital network 
(ISDN).

The digital switching stages, and junction and main net­
work digital transmission links, arc now, or soon will be, 
ready for installation. The needs of, and methods to be used 
in, local networks are currently being intensively studied 
throughout the world. The BPO Research Department has

t Research Department, Telecommunications Headquarters 

been involved in such studies for more than 10 years and this 
article reviews this work, and considers how the existing 
local network may be exploited for future digital working.

RING NETWORK
Economics play a very large part in the requirements of any 
equipment used in the local network. The traffic is uncon­
centrated and so costs must be reflected in full in the charges 
made to the customer. One way of reducing this problem is 
to arrange for concentration of traffic very close to the 
customer, and proposals based on cables arranged in rings 
have been made7. Electronic equipment, known as accessors, 
would be placed along the ring at distribution points within 
about 200 m of the customer’s premises. The name accessor 
was coined for these equipments as they give customers 
access to the channels carried on a unidirectional ring of cable 
linking them. The ring starts from the exchange, carrying a 
multiplexed signal encoded by pulse-code modulation (PCM); 
at each accessor, the required channel is extracted and passed 
to the customer. The now vacant time-slot is filled with the 
information from the customer. Thus, the signals arriving at 
the exchange from the ring are all from the customers. Several 
difficulties arise from such a scheme and these arc discussed 
below.

Reliability
It is difficult to ensure the reliability of operation as a break 
anywhere in a simple ring disconnects all customers connected 
to the ring. Also, the cable length involved is considerably 
greater than for a radial distribution system. If the ring were 
truly circular, the cable would be sr times as long as the dis­
tance direct to the most distant subscriber; practical layouts 
give a factor nearer 5. Thus, assuming that damage to a cable is 
equally likely anywhere along its length, the extra cable 
involved reduces the reliability significantly, without taking 
into account the additional electronics. Supplementary rings 
may be provided, into which traffic is diverted when a fault is 
detected but. to provide security, the supplementary ring 
must be physically separate and the fault detector must be 
highly reliable8. Both of these are difficult and expensive to 
guarantee.

Cables
Existing cables are not arranged in rings and it would be 
difficult to rearrange them. Previous ring proposals used 
community antenna television (CATV) cable systems, but the 
expected rapid expansion of CATV in Britain has not 
materialized, and so this solution is less attractive.

Growth
When the first customer in an exchange area requires digital 
service, an accessor has to be installed at his distribution
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MAXIMUM 
CUSTOMER-TO- 

ACCESSOR DISTANCE

BANDWIDTH (kHï}

point. This accessor could also serve any other customers 
within 200 m of the distribution point. However, if demand 
occurs at random, it is likely that the next requirement for 
service will be outside this distance; thus, another accessor at 
another distribution point will be required, and so on. 
Initially, there will therefore be one customer per accessor. 
As demand increases, so does the probability that a new 
customer will be within range of an existing accessor.

Simulations show that, for an average British exchange 
area, when the demand is for 1000 digital connexions, the 
average number of customers on each accessor will be 2 4. 
This is shown in Fig. I. To be economic, even higher demand 
is necessary; only telephony is likely to provide this demand 
and it is difficult to justify wholesale conversion of telephones 
to digital operation on the grounds of customer requirements, 
as will be discussed later. Fig. I shows that, if the accessor-to- 
customer distance can be increased, the probability of new 
customers being within the reach of an existing accessor is 
considerably higher and fewer accessors will be needed.

RE-APPRAISAL
A careful appraisal of the problems of providing digital local 
networks led to the following requirements;

(a) The scheme should be economic for both small and 
large penetrations.

(6) Effort should be made to exploit the existing local net­
work in its present layout.

(c) Because of the known crosstalk and attenuation charac­
teristics of the existing local network, efforts should be con-

104 ■ COLOUR TELEVISION

103 -V1FWH0NE

DIGITAL HIGH FIDELITY AUDIO

DIGITAL TELEPHONY 
HIGH SPEED DATA 148 kbit/s) 
Smin FACSIMILE

FIT INTO 
STANDARD 

64 kbit/s 
CHANNELS

ANALOGIE TELEPHONY
3min FACSIMILE
DATEI
AC SIGNALLING

Fig. 2—Bandwidth of services

Fig. 3—Lengths of connexions in the BPO local network

centrated on providing only digital voice-equivalent channels 
(that is. 64 kbit/s). As Fig. 2 shows, this encompasses every­
thing except moving pictures and music.

(dj The existing cost and reliability must be maintained 
for the basic telephone service.

To be economic, the fullest use must be made of local 
network accessors. Fig. 1 show's that, if the accessor-to- 
customer distance could be increased to 1 km, then with 
1000 customers, the average number of connexions per 
accessor would be about 17, which is reasonable.

Fig. 3 shows some statistics of the lengths of local 
connexions in the British local network and it can be seen 
that, if accessors are to be placed at an existing flexibility 
point, the primary cross-connexion point lies at approximately 
the right distance from the customer. Thus, the accessor 
position must no longer be thought of as the distribution 
point, suggested for the ring system, but as the cabinet.

Requirements (b) and (c) relate to the use of the existing 
network and the capability of a suitable transmission system. 
Only one pair is normally available between customer and 
cabinet, and duplex operation is required on this pair. Three 
ways of achieving this arc under study in the BPO and else­
where; a time-division duplex system, commonly known as 
burst mode or ping-pong; the classical duplex approach, using
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a hybrid with enhanced trans-hybrid loss using echo­
cancelling technique^; and frequency separation for the two 
directions of transmission.

BURST MODE
In this technique, a burst of digits is transmitted from the 
cabinet to the customer, where it is received after a delay 
due to the finite transmission velocity (about 5 /zs/km). The 
customer response causes a burst to be returned, which is 
received at the cabinet. This process is repeated, generally at 
a rate of 8000 bursts/s, because this corresponds with the 
normal speech sampling rate of PCM systems5.

The choice of the instantaneous rate of transmission of the 
digits during the bursts is subject to opposing constraints. 
Firstly, with the instantaneous rate as high as possible, the 
greatest number of 64 kbit/s channels will be available to a 
customer. Also, the bursts will be shorter, and so more time 
is available for the cable transmission delays and the range 
is increased. On the other hand, high instantaneous rates 
imply more crosstalk between pairs, and higher attenuation 
giving lower-level received signals. This limits the range that 
can be reached.

Fig. 4 shows the possible distances that can be achieved 
by systems working on local cables where the limit is imposed 
by attenuation and crosstalk. It can be seen that, if near-end 
crosstalk (NEXT) is the limiting factor, the required 1 km 
reach can be achieved with an instantaneous rate of 2 Mbit/s. 
At this instantaneous rate, bursts could contain sufficient 
digits to convey ten 64 kbit/s channels or, with fewer channels, 
the extra time between bursts could be used to segregate al! 
the transmitted bursts in all pairs in a cable into separate 
time intervals from all the received bursts in that cable 
(Fig. 5). Then simultaneous transmission and reception will 
not occur and only far-end crosstalk (FEXT) needs to be 
considered. As can be seen from Fig. 4, curve b, this increases 
the range slightly.

Such a system has been demonstrated at the BPO Research 
Centre8 using transmission equipment modified from that 
used on junction PCM systems. Fig. 6 shows typical wave­
forms on the line at the cabinet. A ternary code is used, the 
transmitted signal consisting of a header followed by a 
signalling bit and 8 data or speech bits, with the last bit 
added whenever necessary to give an equal number of 
positive and negative pulses; by this means, the low fre­
quency content of the signal is reduced. Fig. 6 also shows the 
burst, distorted by the line, received from the customer.

From the cabinet to the exchange, it is proposed to use a 
fairly conventional PCM multiplexed link, working on 2 
pairs. This link can be of considerable length as intermediate 
regenerators can be used.

When digital local working is first introduced, it may be 
more attractive to operate over even greater distances without 
intermediate electronics, and the requirement for several 
64 kbit/s channels to each customer may be minimal. For this 
purpose, the instantaneous digit rate should be as low as 
possible, commensurate with providing sufficient time to 
allow for transmission delays between customer and accessor. 
For these lower speed systems, binary line codes, such as 
diphase or WAL2, may be more suitable than the ternary 
code proposed at higher rates. These binary codes are less 
sensitive to line distortion arising from the difficulty of 
equalizing the cable loss at lower frequencies because of the 
rapidly changing cable impedance.

To convey one 64 kbit/s channel at a rate of 8000 bursts/s 
implies bursts containing only 8 bits; in practice, the require­
ments of signalling and timing recovery increase this to 
10 bits or more. Fig. 7 shows the instantaneous digit rates 
required to reach various distances with 10 bit and 16 bit 
bursts, when limited by transmission delays of 5 /zs/km. 
Taking the transmission delay-limited characteristics, in con­
junction with the limits imposed by attenuation and crosstalk

Curve a—Limited by NEXT with one interfering system
Curve b—Limited by NEXT with 50 % cable fill
Curve c—Limited by NEXT with 50% cable fill

Fig. 4—Maximum distance possible with burst-mode system 
limited by attenuation and crosstalk

Fig. 5—Burst-mode windows at cabinet

Fig, 6—Line signals at the cabinet

(see Fig. 4), indicates an optimum instantaneous rate for 
maximum range of between 300 and 400 kbit/s, according to 
burst length; at these rates, a system reach of 3 or 4 km could 
be achieved. This means that 80-90% of customers could be 
reached with no intermediate regeneration between customer 
and exchange.
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4 khurst/S 8 kbursl/s
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8 kbursr/s

Fig. 7—Maximum distance possible with burst-mode system 
limited by transmission delay

In some proposals, even lower instantaneous bit rates are 
proposed to give even greater reach; to overcome propagation 
delay problems, several speech samples could be sent as one 
burst, the rate at which bursts are sent then being a sub­
multipie of 8 kHz. Fig. 7 includes the reach available with 
20 bit bursts sent at a rate of 4 kHz.

One requirement that still needs to be considered is that of 
maintaining the low cost and reliability of the basic telephony 
service; with burst-mode operation, advantage can be taken 
of the need to work at instantaneous digit rates considerably 
in excess of the basic information rate. Because of the high 
rates, and the line coding used to remove DC components 
from the signal, there is very little energy in the conventional 
O-3-3'4kHz speech band. Thus, by filtering, the physical 
baseband speech path can still be used, which retains the low 
cost and high reliability.

The spectrum of a system working at an instantaneous rate 
of 2-048 Mbit/s is shown in Fig. 8(n). Fig. 8(Z>) shows the 
low-frequency, speech-band part of the spectrum enlarged, 
after simple filtering. It can be seen that the digital signal is 
much lower in level than the speech. At lower instantaneous 
digit rates, the power in the speech band is higher and so the 
filtering problems are more severe.

The complete arrangement of such a system is shown in 
Fig. 9, where the physical and digital circuits are combined 
by filters at the customer’s terminal. At an intermediate 
electronic unit at the cabinet, the physical and digital circuits 
are separated by filters and the digital circuits multiplexed 
into a standard 2'048 Mbit/s format. The physical connexion 
continues on a separate pair to a conventional analogue 
exchange termination.

Although the cabinet is the most likely location for the 
equipment, it will probably be installed in a pressurized 
container in an adjacent footway box.

SIMULTANEOUS BI-DIRECTIONAL OPERATION
Burst-mode systems have a range limitation set by crosstalk, 
attenuation, cable delays and the need to avoid overlapping 
of bursts. To increase range further, either the crosstalk and 
attenuation must be changed, implying a new network, or 
simultaneous transmission and reception must be tolerated.

o I ?

FREOUENCY |MHq

(a) Overall spectrum

8 16

FREQUENCY (kHij

(b) Low-frequency spectrum

Fig. 8—Frequency spectrum of burst-mode system

TO SPACE 
SWITCH

TO DIGITAL -<■ 
SWITCH

CABINET

ANALOGUE 
TELEPHONY

STANDARD 
30 CHANNEL 
PCM SYSTEM

MULTIPLEX

BURST-MODE 
SYSTEM

CUSTOMER

DIGITAL 
TERMINAL

Fig. 9 ■ Overall burst-mode system incorporating analogue 
telephony

For audio applications, hybrid circuits of various types are 
used, in which a bridge arrangement balances out transmitted 
signals from the input circuitry of the receiver operating in 
the other direction, However, in practice, this balancing can 
do little more than allow for the natural impedance of the 
cable to which the equipment is connected. For digital opera­
tion, echoes resulting from discontinuities in the transmission 
path (for example, changes of cable gauge) must be eliminated 
by some form of echo canceller9; in this, appropriately- 
delayed and attenuated parts of the transmitted signal are 
subtracted from the incoming wanted signal plus echo, as 
shown in Fig. 10.
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As every path is different in the magnitude of these effects, 
the device must be made to adapt to the actual degradation 
and so becomes somewhat complex, Nevertheless, the avail­
ability of circuits using large-scale integration (LSI) means 
that this approach may be practical at reasonable cost. Thus, 
the transmission system will be able to operate at the basic 
information rate—rather than the higher rates required for 
burst mode—and attenuation and crosstalk will be reduced. 
A system reach of up to 8 km (limited by NEXT) may well 
then be practical and almost all customer-to-exchange 
connexions can be made without intermediate electronics.

One disadvantage arises from the low modulation rate: it 
is more difficult and expensive to superimpose such a system 
on a pair carrying conventional analogue telephony, because 
the requirements for the filter in terms of rejection and 
distortion become very severe.

FREQUENCY DIVISION
An alternative methodof providing simultaneous bi-directional 
transmission uses different frequency bands for the 2 directions 
of transmission. One direction is a baseband digital signa! and 
the other direction modulated on a carrier10, as shown in 
Fig. 11. Because of the higher frequencies when modulated 
on the carrier, crosstalk between pairs is increased; however, 
because the transmitters and receivers at any point are 
operating in different frequency bands, only FEXT is of 
consequence. The FEXT path is usually of higher attenua­
tion than the NEXT path, and so practical transmission 
distances may well approach that possible by echo-cancelling 
methods. However, retaining baseband telephony is just as 
difficult as for the echo-cancelling solution.

Fig. 10—Two-wire duplex system using echo cancellation

Fig. 11—Two-wire duplex system using frequency division

APPLICATION
So far, the means of providing a digital local network on 
existing pairs has primarily been considered. Its use can be 
divided into 2 broad applications; data and telephony. For 
data, it is a natural extension of the facilities offered today 
by modems and the analogue PSTN11. By choosing a digital 
local network, economies of scale reduce the cost of providing 
a data connexion so much that it comes within the range of 
domestic use.

The application for telephony is not so clear. Digital tele­
phones, at present, do not appear to be cheaper than existing 
analogue versions, and the speech transmission advantages 
arc small. However, the day is probably not far away when 
the evolution of technology will make the digital telephone 
competitive in price. This is particularly likely if the cost of 
the analogue exchange line unit is also considered; because of 
the power and signalling requirements, the use of semi­
conductor devices in analogue line units is difficult and 
expensive. Digital telephony also has the advantage of separate 
paths for each direction of transmission, and so loudspeaking 
telephones and conference calls12 are simplified. On the other 
hand, it is not possible to provide extensions with digital 
telephones by using simple parallel operation, and a small 
conference unit will probably be needed. However, because 
of LSI technology, this may not be excessively expensive.

Although the penetration of digital telephony may be 
small, the very large number of telephones in use means that 
digital telephone connexions could outnumber the data 
connexions. One feature of digital operation that may make 
digital telephony attractive is the case with w-hich an additional 
low-speed data channel can also be added, so that view­
data’3, for example, could be accessed while a telephone call 
is in progress.

International discussions are taking place with a view to 
standardizing the parameters of local digital connexions. One 
proposal suggests an aggregate line capacity of 80 kbit/s14, 
divided as shown in Table 1. It can be seen that 2 kbit/s

TABLE 1
Proposed Division of Line Digit Rate

Channel Digit Rate (kbit/s)
Speech or Data 64
Signalling 2
Data 8
Signalling 2
Telemetry and Alarms 2
System Synchronization 2
TOTAL 80

signalling capacity is provided for each channel; thus, 
complex and rapid interactions will be possible between 
customer and network. For example, the routing and type of 
connexion could be changed during the call to give conference 
or data service.

SIGNALLING
The signalling capacity will probably be exploited by using a 
message-based system and, by the use of messages of various 
lengths, all types of terminals could be accommodated. A 
single button depression on a basic telephone might generate 
a short message carrying just one 8 bit character; an automatic 
data terminal would send the characters required for call 
set-up as one long message. These messages may include 
error-checking features, and automatic correction by retrans­
mission may be provided. Such a signalling system operates 
both from and to the customer; in addition to conventional 
call set-up information, it could be used for alphanumeric 
displays at the customer’s terminal and also for remote 
terminal testing.

Signals that are now provided by audible tones would be 
duplicated on the signalling channel so that electronic 
terminals could recognize nelwork conditions. Even for basic 

210 POEEJ, Vol. 72, Jan. 1980



telephones, the use of tones in the speech channel may be 
discontinued, and replaced by locally-generated tones or 
displays.

One particularly difficult area concerns the initial calling 
signal. It is undesirable to leave the terminal fully powered-up 
in the idle state, on grounds of economy of energy. However, 
it must be possible to power-up the terminal from the 
exchange for testing purposes, or to initiate a call. Similarly, 
the customer must be able to indicate to the exchange the 
wish to initiate a call.

FUTURE DEVELOPMENTS
One difficulty of digital operation on existing pairs in the 
local network arises from the high signal levels of practical 
digital systems, which will interfere excessively with analogue 
carrier systems (such as 1 + 1 carrier systems15) operating 
on other pairs in the same cable. For this reason, digital 
replacements for such systems wiil be required before any 
part of the local network can be converted to digital operation. 
Thus, the first systems to appear in Britain may well be digital 
1 4- 1 carrier systems and steps are already being taken to 
fully develop such systems. Although primarily for speech 
use, the digital capacity will be available for other applica­
tions.

Initial trials of digital equipment will take place in the 
laboratory, but such tests arc by no means exhaustive and 
field trials usually reveal further problems. To attempt to 
eliminate these at the earliest possible stage, a local network 
test facility has been constructed at the BPO Research 
Centre. This is shown in Fig. 12, and consists of a small 
building connected to a cabinet 500 m away by overhead 
and underground cable of the type used between exchange 
and cabinet"’. Several cables are provided and cross-con­
nexions made so that the length can be increased to several 
kilometres. Cables of the fully-filled type, used in cabinet- 
to-customer connexions, arc also provided from the cabinet 
back to the building and these can also be cross-connected 
to give longer transmission paths. Some of the pairs in these 
cables are terminated at a distribution point 200 m from the 
building, and the link to the building is made by drop-wire 
or underground distribution pairs. Thus, the building repre­
sents both the exchange and customer, and local network 
equipment can be thoroughly tested over real pairs, laid in a 
realistic manner.

It is difficult to estimate the rate of introduction of digital 
operation into the local network. Compared with the con­
version of the main and junction network, about 10 times as 
many connexions are involved. In addition, suitable terminal 
equipment is necessary and this must be developed. Tn lime, 
it may be attractive to install alternative transmission paths, 
offering wider bandwidths. To provide for this possibility, 
the local network facility has some spare capacity so that 
other transmission media, such as optical fibres17, can be 
installed later.

CONCLUSIONS
It is possible to offer a 64 kbit/s digital voice-equivalent 
circuit with additional low-spccd signalling and data channels 
on the existing network, with no cable re-arrangements except 
the introduction of electronics, probably at the cabinet. 
With fairly long system reach from cabinet to customer, the

Fig. 12- Local network facility

service could be economic with a small or a large demand for 
service. This can be achieved using only the technology of 
today, and could leave the existing physical connexion 
available for conventional analogue telephony with its exist­
ing reliability and cost. Such systems provide both a short­
term solution for digital access and a long-term solution for 
an ISDN, until the demand for moving-picture services 
justifies the installation of suitable wideband paths.
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Telegraph Time-Division Multiplex Systems
D. J. WILLINGTON, c.eng., m.i.e.r.e.?

UDC 621.394.42

This article briefly reviews the various methods used for multiplexing telegraph channels and describes three 
system designs, two of which accord with recent recommendations by the CCITT*.

INTRODUCTION
Several means are available for conveying a number of 
telegraph channels over a common route. Where the product 
of the number of channels and the distance is relatively small, 
and where cable pairs are available, DC transmission can give 
the most economical solution. Beyond this, the first order 
of multiplexing which is in common use is the frequency­
division multiplexing of up to 24 telegraph channels on an 
audio bearer. This multi-channel voice-frequency telegraph 
{MCVFT) equipment produces an analogue output signal, 
although many present-day equipments use digital techniques 
to achieve this1.

As digital equipment has become more economic, larger 
multiplexers using time-division multiplex (TDM) techniques 
have become increasingly attractive for use on routes of high 
telegraph-circuit density; for example, on high traffic-density 
routes that have to sustain traffic growth, and where it is not 
practical or economic to increase the number of bearers. At 
the present time this situation is evident on certain inter­
national routes, where bearer cost is a significant factor. 
Analogue audio bearers are used in this application; therefore, 
modems must be interposed between the digital TDM signal 
and the bearer. Another example of the use of TDM techniques 
occurs in the UK national network in situations where large 
concentrations of Telex customers’ lines exist. In this case, 
however, 2 Mbit/s digital routes are used directly.

TELEGRAPH TDM SYSTEMS
Three types of telegraph TDM system are described in this 
article. For ease of identification within the British Post Office 
(BPO), each has been given a title which relates to the maxi­
mum number of 50 baud channels that can be accommodated; 
however they are all capable of carrying a lesser number of 
channels operating at a higher rate. In the BPO, the systems 
are known as 46 TDM, 184 TDM and 240 TDM systems. It 
should be noted that they are invariably used in a bothway 
mode of working (4-wire) and so the number of channels 
quoted is the maximum number in each direction; that is, the 
channel capacity quoted can be read as the circuit capacity.

Telegraph TDM equipments are used to multiplex a 
number of anisochronous low-rate channels (Telex, or leased 
circuits at rates from 50-300 baud). The channels are 
combined into a single isochronous stream of bits by 
examining the state of each input channel in turn at a 
high rate. The resulting signal (the aggregate) then consists of 
the coded states of all channels in sequence. A complete set of 
samples from all channels constitutes a single aggregate frame. 
This system is called bit interleaving since, as with all the 
telegraph multiplexers described here, the input channels are 
sampled and assembled onto the aggregate on a bit-by-bit 
basis. Bit interleaving is used because it is important to mini-

f Telecommunications Development Department, Telecom­
munications Headquarters 

* CCITT—International Telegraph and Telephone Consultative 
Committee

mize the signal transfer delay when TDM equipment is used 
in the Telex network. On the other hand, data multiplexers 
take in a complete character from each channel before 
assembling them, character by character, on the aggregate.- 
Character interleaving is frequently used on data multiplexers 
because it can be more efficient in terms of channel capacity 
for a given bearer bandwidth.

Telegraph TDM multiplexers are divided into 2 distinct 
types: those which are code and speed dependent, and those 
which are code and speed independent.

Code-Dependent Multiplexers
In the case of code-dependent multiplexers, each frame is 
assembled in a time slightly less than the period of one bit on a 
basic low-rate channel. Code-dependent multiplexers are 
efficient in their usage of bearer bandwidth and are inherently 
regenerative. However, they tend to be complex and have the 
operational disadvantage that each channel has to be pre-set 
to the required modulation rate and code. Furthermore, for a 
Telex channel, the type of signalling to be used has to be pre­
set. This arises from the fact that in order to achieve the 
maximum efficiency, only one aggregate bit is transmitted for 
each low-speed channel bit. Regeneration of the input 
characters is inherent in this approach and this can be an 
advantage on long routes having no other means of regenera­
tion,

Code-Independent Multiplexers
In code-independent TDM systems the frame length is much 
less than the input data element length. This results in many 
samples of each input bit being transmitted in successive 
frames. Code-independent multiplexers are not as efficient as 
the code-dependent type, but fairly wide variations from the 
nominal modulation rate are tolerated. A small degree of 
telegraph distortion is introduced by the sampling process and 
its magnitude is determined by the sampling rate. The effi­
ciency can be improved by reducing the sampling rate (which 
gives a corresponding increase in telegraph distortion) or by 
transition encoding, as in the case of the 240-channel TDM 
system.

The 46-Channel TDM System
The 46-channel TDM system uses code-dependent multi­
plexing designed to meet the requirements of CCITT*  
Recommendation R 1012. The system finds its widest appli­
cation on international audio bearers, where it is a viable 
alternative to MCVFT.

A 2400 bit/s modem is normally used for connexion to 
audio bearers. The overall performance is very much depen­
dent on the modem used, since a high bit-error-rate on the 
signal from the modem to the multiplexer would result in 
character errors and/or loss of frame synchronization. This 
highlights an important difference between an MCVFT 
system and this type of TDM system. With MCVFT, telegraph 
distortion tends to be proportional to bearer noise. With code-
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Fig. 1 Frame structure of a 46-channel telegraph TDM system

The second variant, termed Alternative B, allows for the 
multiplexing of up to 8 different channel rates simultaneously. 
The channel rates are 50, 75, 100, 110, 134-5, 150, 200 and 
300 baud. Channels operating at 100, 150, 200 and 300 baud 
replace two, three, four and six 50 baud channels respectively. 
Traffic at 110 baud is carried on a 100 baud channel by deletion 
of the second stop bit in each character. Traffic at 134 ■ 5 baud 
is carried on a 150 baud channel by adding a fill bit to each 
character. Channels operating at 75 baud are provided in 
pairs, each pair replacing three 50 baud channels. The channel 
rates and equipment channel capacity for a 46-channel 
TDM system are given in Table 1.

The Alternative-A system uses a handshaking synchroniza­
tion procedure. This uses the whole of the aggregate bit 
stream in both directions, which results in loss of traffic in both 
directions following a loss of synchronization in one or both 
directions.

The Altcmative-B system uses a search technique for 
synchronization, which docs not necessarily involve loss of 
traffic in both directions since the equipment which is out of 
synchronism searches through the incoming aggregate looking 
for a predetermined synchronization pattern.

dependent TDM systems, an increase in bearer noise has no 
effect on telegraph distortion, but it does give rise to an 
increasing error-rate and, eventually, to system failure.

Each frame is assembled in a time approximately equal to 
the period of one bit on a basic low-rate channel (see 
Fig. I). An allowance must be made for incoming data which 
is overspeed and, in the case of the 46-channel TDM multi­
plexer, this allowance is 2%. This results in a frame period of 
20 ms less 2% ■ 19-6 ms. At an aggregate rate of 2400 bit/s, 
this results in a frame length of

2400 x 19-6 x IO-3 = 47 bit.

A synchronization bit is required to identify the start of each 
frame, leaving a channel capacity of 46.

There are 2 variants of synchronization method and frame 
structure defined in CCITT Recommendation RI01, but 
many equipments now available are capable of being pre-set 
for either variant.

The first variant, termed Alternative A, enables one 75 baud 
channel to be accommodated in place of two 50 baud channels.

TABLE 1
Bit Rates and Available Channel-Capacity of 

a 46-Channel TDM System

CCITT 
Recommen­

dation
R10I

Modu­
lation
Rale 

(bauds)

Character Structure Maximum
Number of

Homo­
geneous 

Channels
Character Length 

(bits)
Stop Element 

(bits)

Alternative 50 7-5 1-5 46
A 75 7-5 1-5 22

50 7'5 15 46
75 7-5 1-5 30

100 7'5 1-5 22
100 10 1 22
110 11 2 22

Alternative 134'5 9 1 15
B 150 10 1 15

200 7-5 1'5 10
200 10 1 10
200 11 2 10
300 10 1 7
300 11 2 7

Note: At rates oT 100, 200 and 300 baud, alternative character structures can 
be accommodated as indicated

The 184-Channel TDM System
The 184-channel TDM system was designed to accommodate 
dense concentrations of Telex customers’ lines in the UK; 
typically, these are to be found on routes radiating from towns 
that accommodate a Telex exchange.

The 1-536 Mbit/s or 2-408 Mbit/s digital links normally 
provided for puise-code-moduiation (PCM) circuits arc used 
as bearers. Since the 184-channel TDM system has specialized 
application, it has not been made the subject of recommenda­
tion by the CCITT. However, it has been fully described in 
an earlier article3.

Multiple sampling is used so that the system is fully code- 
and-speed independent (see Fig. 2). A 4 kHz clock is used to 
sample each channel at 250 ¿is intervals. Due to the short 
interval between samples, only a small additional distortion is 
introduced. For a 50 baud input channel, the 250 ¿is sampling 
interval results in 80 samples per bit. Thus, the distortion is

X 100% = 1-25%.

Each sample is represented by 2 aggregate bits so that the 3 
conditions used on UK Telex customers’ lines can be trans­
mitted. Dibits 10, 01, and 11 represent signal polarities A, Z 
and zero current respectively. Dibit 00 is not used.

A frame is assembled from each of the channel samples in

CHANNEL 1 
(DIBIT)

CHANNEL 184 
(DIBIT)

SYNCHRONIZATION
WORD

------ 2 x 184 - 388 bits------- IB hirs-^|

FRAME 1250 ms)-------------

Fig, 2—Frame structure of a 184-channel telegraph TDM system 
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turn (in dibit form) and 16 bits arc added for frame synchroni­
zation. This frame is transmitted every 250 /xs so that, with an 
aggregate rate of 1 -536 Mbit/s, the frame lertgth is

1-536 X 10& x 250 x 10 6 384 bit.
The channel capacity is

^-6 184.
2

When 2 048 Mbit/s digital bearers intended for 30-channel 
PCM are used, there is a potential capacity for 248 channels. 
However, the additional channels are not normally provided 
due to the limitations of the physical layout of the equipment. 
The unused channel positions in the aggregate frame are set 
to transmit dibit 11.

The 240-Channel TDM System
The 240-channel TDM system is described in CCITT Recom­
mendation Rill4. The system is primarily intended for use on 
64 kbit/s digital bearers, possibly in conjunction with PCM 
time-slot access. Like the 184-channel TDM system it is 
code-and-speed independent and introduces only a small 
sampling distortion.

The basic channel sampling is at 20 times the channel rate; 
that is, 1000 bit/s for a 50 baud channel (see Fig. 3). This 
results in a sampling distortion of 5%. These samples are not 
assembled directly into a frame, but a transition encoding 
process is used to reduce the aggregate rate. The sampling 
pulses are divided into groups of 4 and only one bit is trans­
mitted for every 4 samples; therefore, the channel rate on the 
aggregate becomes

1000■ 250 bit/s.4

Whenever a transition occurs on the channel input signal, 
the next 3 bits transmitted form a code character that repre­
sents the sense and position of the transition. The first bit 
gives the sense, and the other two bits give the position relative 
to the group of 4 sample pulses during which the transition 
occurred. Since at least 3 bits must be transmitted for each 
input transition there is a restriction on the maximum input 
channel rate. This is

--- 83-3 baud.

If no further transition occurs during the fourth or subsequent 
4 sample groups, additional bits are transmitted to confirm the 
polarity of the channel input signal.

The code elements are assembled from each channel in turn

CHANNEL 241)CHANNEL 1

CHANNEL 
INPUTS

„ons warn

10011 bit/s 
SAMPLING 

PULSES 

DIGITAL 
CHANNEL 

PULSES

niimiiiiiii!iii
Code wuin

Fig. 3—Frame structure of a 240-channel telegraph TDM system

Code word for 
Z Io A transition 

at Ihe channel input

Code word loi 
A to Z transition 

al ihe channel input

Posit on of the transition 
m a group of 4 sampling 

pulses

1 1 1 o o û First quarter

1 1 a 0 0 1 Second quarter

1 0 1 0 1 0 Third quar ter

1 0 0 0 1 1 Fourth quarter

and synchronization and supervisory bits are added to form 
a frame of 4 ms. With an aggregate rate of 64 kbit/s, this gives 
a frame length of 64 X 103 X 4 x 10 3 256 bit. Twelve
bits are used for synchronization and 4 for supervisory pur­
poses; thus, the total channel capacity is 256 12 — 4 240.

Higher channel modulation rates (mixed or homogeneous) 
are possible, as are alternative aggregate rates, sec Table 2.

SUMMARY
Three different types of telegraph TDM system have been 
briefly described. The code dependent 46-channel TDM system 
is beginning to be used as an alternative to VFT systems on 
international routes. It is likely that this trend will continue, 
possibly with the use of multiport modems to combine these 
TDM systems, thus giving even greater efficiency on these 
routes. In the UK inland Telex network, the code­
independent 184-channel TDM system is now in widespread 

TABLE 2
Channel Characteristics and System Capacities of a 240-Channel TDM System

Nominal 
modulation 

rate 
(bauds)

Maximum 
degree of 

isochronous 
distortion due 
to sampling 

(%)

Theoretical 
maximum 

modulation 
rate 

(bauds)

Channel 
rate on the 
aggregate 

(bit/s)

Maximum number of homogeneous channels 
for an aggregate rate of

64 kbit/s 9-6 kbit/s 4-8 kbit/s 2-4 kbit/s

J'S 83 250 240 32 16 8
V-5 167 500 120 16 8 4

rs 167 500 120 Ì6 8 4
V-5 333 1000 60 8 4 2

200 ■ 5 333 1000 60 8 4 2

300 7-5 333 1000 60 8 4 2
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use on 1 ’536 Mbit/s digital links where this is an economic 
alternative to DC transmission or several VFT systems on 
the same route.

Greater capacity is expected to be required as high traffic­
density routes result from the introduction of large stored- 
program-control Telex exchanges. The traffic capacity may 
be achieved by combining several 184-channel TDM systems 
onto one bearer and/or by reducing the sampling rate. The 
greater telegraph distortion thus produced being eliminated 
by the regenerative exchanges. Other means of gaining greater 
circuit capacity for customers’ lines include concentrators of 
various types, but descriptions of these are outside the scope 
of this article.

The 240-channel TDM system has not yet found an applica­
tion with the BPO but. with the advent of 64 kbit/s digital 
bearers (for example, time-slot access)5, a TDM system of this 
type may become attractive in the future.

Whatever means of multiplexing is used, it must be remem­
bered that a significant proportion of the cost of the terminal 
equipment is accounted for by the channel cards. Careful 
thought has to be given to the channel interfaces and to the 
means of providing transmission between the multiplexer and 
the customer or exchange—a subject outside the scope of this 
article.
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A Solution to Abnormal Telephone Exchange 
Congestion

J. P. DICKINSON f

Early last year, the Department of Health and Social Security 
(DHSS) Child Benefit Centre caused a severe service problem 
at Washington TXK1 telephone exchange. The distribution 
of child-benefit books was delayed and the centre was inun­
dated with telephone calls from all over the country, resulting 
in severe congestion blocking the incoming network. Con­
ventional approaches to solving the problem proved hope­
lessly inadequate, and discussions were speedily arranged 
with the DHSS.

In an attempt to quantify the level of traffic, additional 
meters were connected into the system. The 24-line group to 
the DHSS switchboard was fully occupied for over 8 h/d and 
call attempts at the junction-marker stage were running at 
35OOO/d; that is, over l/s.

At meetings with the DHSS, it was obvious that they could 
not clear the cause of the problem for a variety of reasons, 
which led to the telephone area staff concluding that the only 
solution would be to reduce drastically the level of incoming 
traffic. To this end, a compromise scheme was worked out. 
This was to involve limiting the traffic to the DHSS centre to a 
specific level. When this level was reached, a verbal announce­
ment was to be connected, advising callers of delay at the 
Child-Benefit Centre and instructing them to contact their 
local DHSS office. In addition, ex-directory out-of-area 
exchange lines were to be provided for the exclusive use of the 
local offices.

t Newcastle upon Tyne Telephone Area

Details of the plan were worked out by telephone area staff, 
and included the direct connexion of the first 10 exchange 
lines of the original 24-line group to key-and-lamp units, 
already in use at !he Child-Benefit Centre. The remaining 14 
exchange lines were to be given a change of number and 
remain terminated on the customer’s PABX3 switchboard.

At the local exchange, a non-standard method of connecting 
an announcement was devised. This employed a technique 
using a group-occupancy condition to give switching to an 
alternative routing. When all 10 lines were engaged, the 
announcement would be connected to subsequent calls. 
Various relay-sets and other items of equipment were urgently 
needed and a search for these was initiated immediately.

Within a week the DHSS confirmed acceptance of the plan 
and all urgency was given to its implementation. Telephone­
area staff faced several difficulties, including shortage of vital 
equipment. The change-over took place over a weekend, with 
staff working under considerable pressure to meet their 
commitments. All work was completed by the Monday 
morning and nothing remained but to await the results.

These were dramatic. Within the first few days the 
traffic deluge subsided. Monitoring over the next few weeks 
showed a continuing drop, and it was apparent that the 
turn-back operation had proved successful. All congestion 
points were eased and the service to the other customers 
connected to the exchange rapidly improved. Satisfaction was 
felt in the telephone area that this combined exercise had 
achieved a pleasing result in that service to the customer had 
been returned to its normal high standard.
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INTELPOST
K. L, SPENCE, B.TECH.?

UDC 621.397.12(08): 681.327.

A public trial of an international high-speed facsimile service is planned between the UK and several other 
countries. The service, known at this time as INTELPOST, provides the facility for members of the public 
to hand-in documents al nominated Post Offices for transmission by facsimile processes and for delivery. 
This article describes the service and the equipment used.

INTRODUCTION
During 1978, the USA postal administration invited a number 
of foreign postal administrations to participate in trials of 
an international facsimile service. The service, known at 
present as INTELPOST, has been designed to provide a high­
speed document transmission service between the nations 
participating in the trial; the service is considered to be of 
particular interest to customers having insufficient traffic to 
justify their own facsimile equipment.

The British Post Office (BPO) made the decision to take part 
in the 12-month trial, as did the postal administrations of 
France, Germany, Netherlands, Argentina, Iran and Belgium. 
For the purpose of the trial, it was decided to provide an 
INTELPOST centre in a selected major city of each of the 
participating countries.

Each INTELPOST centre is to be equipped with facsimile 
equipment whose performance meets the requirements of the 
CCITT*  draft Recommendation T4 for Group-3 facsimile 
equipment. Each centre will have one or more private circuits 
to other INTELPOST centres. The system operates on the 
Store-and-forward principle; a minicomputer at each centre 
controls the operation of the facsimile equipment and the use 
of the transmission links.

The development of the hardware and software for the 
field trial has been carried out by contractors to the USA 
postal administration. AU of the participating postal adminis­
trations arc providing identical equipment at their INTEL­
POST centres and will use software supplied by the USA 
postal administration. Thus, complete compatibility of 
operations between INTELPOST centres is assured for the 
trial.

Wherever possible, the INTELPOST system is to be inte­
grated with existing postal-delivery services. Documents for 
transmission by INTELPOST will be accepted at nominated 
Post Offices; after facsimile transmission to the destination 
country the document copies will be either delivered to the 
addressee or will be available for collection from designated 
INTELPOS I offices.

In the UK, the London INTELPOST centre is situated at 
the Stock Exchange Branch Post Office. The equipment was 
installed during May 1979, and the system has been handling 
demonstration INTELPOST traffic to the USA since August 
1979, At present, only two other centres are operational, these 
are located al Washington DC and New York city. However, 
several other countries are well advanced with their INTEL­
POST installation programme. At present, the USA postal 
administration is still awaiting the necessary regulatory 
authority to enable it to participate in commercial operation 
of the trial.

t Postal Mechanization and Buildings Department, Postal 
Headquarters

* CCITT—International Telegraph and Telephone Consultative 
Committee

THE INTELPOST SERVICE
Documents lo be sent via 1hc INTELPOST service can 
comprise any number of separate pages of text, line drawings 
or diagrams. The facsimile equipment will handle pages up to 
a maximum size of 216 mm x 356 mm (8j x 14 inches). 
Documents arc transmitted in black and while only, but the 
facsimile scanner unit will tolerate originals bearing a wide 
range of colours and contrasts.

Use of the Service
Documents for INTELPOST will be accepted at the counters 
of the London Chief Office, Trafalgar Square Branch Post 
Office, or at the Stock Exchange Branch Post Office. Alter­
natively, customers in inner London will be able to telephone 
for an EXPRESSPOST messenger to collect their documents. 
The customer specifies which delivery method is required 
when the document arrives at the destination country and 
pays the appropriate fee. The charge for ihc INTELPOST 
service is to be determined by the number of pages in the 
document and whether collection or delivery by special 
messenger has been requested. The customer is also asked to 
specify the means of disposal of the original document after 
transmission to the destination INTELPOST centre. The 
original documents may either be returned to the sender or 
air-mailed to the addressee.

The Transmittal Sheet
A form, known as the transmittal sheet, is completed for each 
document to be sent via INTELPOST, using information 
supplied by the customer. The transmittal sheet records the 
various delivery options requested by the customer, addressee 
details and the number of pages which make up the document, 
The transmittal sheet forms the first page of the document to 
be subsequently scanned and transmitted. As document 
facsimiles are removed from the printer unit at the recipient 
INTELPOST centre they are placed in an envelope which has 
a transparent window section. The delivery option requested 
and addressee details, which were written on the original 
transmittal sheet, arc visible through the envelope window.

Overseas Delivery Options
There will be slight variations in the delivery facilities pro­
vided by each of the overseas INTELPOST centres, but the 
main options arc:

Special Delivery
Delivery is by special messenger direct to the addressee. 
Documents collected before noon in London will connect with 
same-day delivery services in the destination country.

Normal Delivery
Documents arc distributed by the normal postal-delivery 
service. Delivery is normally made on the day after trans­
mission.
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Collection
Documents are collected personally by the addressee from the 
INTELPOST counter at designated Post Offices.

London'Delivery Options
Documents transmitted to London by other INTELPOST 
centres will be either delivered by EXPRESSPOST messenger 
direct to the addressee, or will be available for personal collec­
tion from the INTELPOST counter at the Stock Exchange Post 
Office. For the duration of the trial, delivery will be restricted 
to the inner-London area.

INTELPOST-CENTRE operations
The London INTELPOST centre occupies two adjoining 
rooms, one for the computer equipment, the other for the 
facsimile equipment and operator consoles. There will 
normally be two Postal Officers in attendance in the facsimile 
room; their duties will include operation of the facsimile 
equipment, enveloping and arranging delivery of incoming 
documents, and checking confirmation receipts for trans­
mitted documents.

Outgoing Documents
Each document arriving at an INTELPOST centre is allo- 
cateda unique transaction number that identifies the document 
during its passage through the system to its final destination. 
The transaction number is written on the transmittal form, 
which was completed by the counter clerk who accepted the 
document.

The document to be transmitted, prefaced by the trans­
mittal form, is placed in the automatic feed section of the 
scanner unit (sec Fig. 1). The operator next completes the

Fio. I—Facsimile scanner unit

questionnaire displayed on the scanner terminal screen by 
keying the document transaction number, followed by simple 
codes to select the destination and delivery option required. 
The processor then activates the scanner unit, causing it to 
feed successive pages until the whole of the document has 
been scanned and stored. The operator, by pressing a send 
key on the scanner terminal, informs the processor that the 
electronic image of the document may be queued for trans­
mission to the distant INTELPOST centre. Finally, the 
document originals are removed from the scanner outlet 
section and the unit is ready to deal with the next document. 
The document originals are retained in a file until the confir­
mation message from the destination processor has been 
received; the documents are then disposed of according to the 
sender’s instructions.

Incoming Documents
Facsimile transmissions received at an INTELPOST centre 
arc stored in a queue by the system processor. When the 
facsimile printer unit (Fig. 2) is free, the next document queued 
for printing causes an information block to appear on the 
printer terminal screen, The information consists of the docu­
ment transaction number, the originating-centre code, the 
number of pages comprising the document and the delivery 
method requested.

The printer operator initiates printing by pressing the start 
key on the terminal keyboard. The printer unit, under the 
control of the processor, reproduces successive pages until 
the whole of the document, including the sender's transmittal 
form, has been printed. The processor then outputs a message 
to the terminal screen prompting the operator to check the 
quality of the document which is ready in the printer outlet 
tray.

Document Acceptance
Immediately after each document is printed at the destination 
INTELPOST centre, the printer operator at the receiving end 
is required to confirm acceptance of the document by pressing 
one of the 4 confirmation keys on the printer terminal key­
board. This causes a confirmation message to be transmitted 
back to the originating centre, where it is stored by the proces­
sor. The 4 confirmation key options available to the printer 
operator arc: request rescan, wrong centre, refuse and 
confirm ok. The function of these key actions is as follows.

Request Rescan
If it is evident from the printed document that an error or 
problem occurred during the scanning process, then the 
request-rescan confirmation option is used to direct the 
originating centre to rescan and retransmit the document.

Wrong Centre
This option is used to indicate that the document has been 
transmitted to the wrong INTELPOST centre by the origina-

Fio. 2—Facsimile printer and printer-operator’s terminal
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ting scanner operator.

Refuse
Documents are refused if the delivery address requested on 
the transmittal form is incomplete or illegal.

Confirm OK
This is the normal more usual method of confirmation, and 
indicates that the document has been received and printed, and 
that there are no problems associated with delivery.

Immediately after the document-acceptance option has been 
keyed, the printer terminal screen is updated to show details of 
the next document queued for printing.

Confirmations
The operators at each INTELPOST centre can interrogate 
their local processor at any time to obtain a list of confirma­
tion reports for documents which they have previously 
transmitted. The confirmations are printed by a high-speed 
printer unit loaded with self-adhesive labels. Each label is 
printed with the following information concerning the 
document:

(«) document transaction-number,
(6) destination-centre code,
(c) number of pages,
(d) time and date scanned,
(e) time and date printed at the destination INTELPOST 

centre, and
(f) type of confirmation received.

After printing the confirmation labels, the operators deal 
with requests for rescanning and other forms of negative 
confirmation. The confirmation labels for accepted documents 
are peeled from the backing paper and transferred to the 
original transmittal form as a permanent receipt of the 
transaction.

THE SYSTEM-OPERATOR'S TERMINAL
The system-operator’s terminal provides the means by which 
operators may acquire system and document-status informa­
tion held by the processor. It also enables the operators to 
request various document control options provided in the 
system software.

By keying specific commands, the operators may request 
displays of status information that show

(a) the status of each of the remote INTELPOST centres,
(b) local status information, such as software queue sizes 

and disc occupancy, and
(c) the current status of any document held in the local 

system.

The operator can also key system-commands that
(a) delete specific documents from the local system,
(b) initiate an orderly shut-down of the system prior to 

carrying out equipment maintenance, and
(c) initiate printing and deletion of stored confirmation 

messages.

INTELPOST-CENTRE EQUIPMENT
A block diagram of the equipment arrangement at the London 
INTELPOST centre is shown in Fig. 3. The computer equip­
ment (see Fig. 4) consists of a PDP11 /34 processor with 128 K 
words of memory and a 67 Mbyte disc-memory unit. The 
disc memory is used as the buffer store for incoming and 
outgoing documents, and has a capacity of about 1000 A4- 
sizc pages of facsimile data.

A teletype unit prints error reports and transmission 
information during normal operation and provides a means of 
selecting and controlling hardware diagnostics in the event of a 
system fault.

FACSIMILE 
ROOM

COMPUTER 
BOOM

Fig, 3—Block diagram of the equipment arrangement at the 
London INTELPOST centre

Fig. 4—Computer room

Facsimile Interface Unit
The scanner and printer units have been designed to operate 
within a distance of 1 km from the computer equipment. To 
facilitate this, a facsimile interface unit (FIU), mounted in the 
processor rack, buffers the data and control signals from the 
facsimile units before connexion to the general-purpose 
processor interfaces.

A number of status indicators (light-emitting diodes) on the 
front panel of the FILI provide fault-localization assistance in 
the event of a scanner or printer malfunction. As a further 
engineering aid, a test switch is provided which, when operated, 
connects the scanner output signals direct to the printer 
input. This facility enables the two facsimile system elements 
to be operated and tested, totally independent of the processor.

The Scanner Unit
The scanner unit was designed specifically as a processor- 
controlled unit. It incorporates a page-feeding device that 
enables up to 50 pages to be scanned automatically without 
operator intervention. The scanner mechanism moves docu­
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ment pages over a narrow slit in steps of 0 ■ 127 mm; the image 
of the complete width of the illuminated page passing over the 
slit is focused on a cold-cathode discharge (CCD) photo­
sensitive array. The CCD photo sites are very small and detect 
a height corresponding to only 0 -165 mm of the document 
page. The horizontal resolution is 1728 picture elements; each 
element in the line scan is resolved as either black, or white, and 
the resulting binary information is compressed into codes 
representing the length of black runs and white runs. The 
compression technique uses the CCITT-modified Huffman 
probabilistic run-length code. The encoded line data is trans­
mitted in serial form to the processor via the facsimile inter­
face unit. The scanning process takes, on average, 15 s per 
page.

The Printer Unit
The printer unit receives compressed data from the processor 
and converts it into raster-scan information using data- 
reconstruction circuits. The printer uses electrostatic paper, 
which it cuts to length from a roll at the start of each page­
printing cycle. During the page-printing cycle, the picture ele­
ments are transferred to the paper surface in the form of an 
electrostatic charge pattern; the page then passes through a 
liquid toner solution, a drying section, and is finally deposited 
in the outlet tray. The page-printing cycle takes approximately 
20 s to complete.

TRANSMISSION NETWORK
Each INTELPOST centre is connected to the INTELPOST 
network by means of dedicated 4-wire circuits. The present 
London to Washington circuit is routed via a satellite link 
and operates at 9-6 kbit/s using a data modem at each end of 
the circuit. The data modems meet the performance require­
ments of CCITT Recommendation V29.

The data modem accepts serial, synchronous, binary data 
from the processor and transmits it to line at a signalling rate 
of 2400 baud. The time taken to transmit each page of fac­
simile data is 1 -5-2 min.

The New York INTELPOST centre is connected to Wash­
ington DC by a 56 kbit/s circuit, which enables each document 
page to be transmitted in approximately 20 s.

The extent of the network configuration that will be used 
for the commercial field-trial has yet to be decided.

THE SOFTWARE
With the exception of local modification to accommodate 
particular equipment configurations, the software used at all 
INTF.LPOST centres is identical.

The transmission system and protocols used were largely 
determined by the work done for the ARPANET data net­
work, which is currently in use in the USA.

The system software is divided into 3 main functions: the 
operating system, communications software, and application 
software.

The Operating System
The operating system provides the overall control of the many 
processes which arc required to take place simultaneously; for 
example, one document may be in the process of being 
scanned, another being printed, and several other documents 
may be in the process of being transmitted or received.' The 
operating system also provides the necessary management of 
the 128 Kword processor memory, using the PDP1I memory­
mapping hardware.

Communications Software
All transmissions between INTELPOST processors are in the 

form of error-checked data packets. As packets are received, 
the transmission-control program issues acknowledgements 
and requests packet retransmissions as and when necessary. 
This avoids the need to retransmit a complete document page 
in the event of a minor data-corruption. The communications 
software also deals with retransmission of incoming packets 
that arc destined for another INTELPOST centre in the 
network.

Each INTELPOST processor constantly checks the status of 
the other centres by sending and monitoring status trans­
missions. Thus, each processor is aware of which routes are 
available at any time.

Application Software
The application software is divided into a number of discrete 
processes, each having a particular, well-defined, task. The 
main processes are as follows:

Scanner
The scanner process reacts to commands from a scanner­
operator’s terminal, activates the scanner unit and stores the 
facsimile data on disc.

Printer
The printer process reads the facsimile data forming the next 
document for printing from the disc and interacts with the 
operator in controlling the printer unit. This software process 
also deals with document confirmations, which are keyed-in 
by the printer operator.

Co-ordinator
The co-ordinator is the process that controls the selection of 
documents for transmission and reception. Two queues are 
maintained by the co-ordinator: the first is a list of documents 
to be transmitted and the second is a list of documents to be 
received following requests from remote co-ordinators.

In scheduling documents for reception, the co-ordinator 
lakes account of the available disc space before requesting the 
remote centre to start transmission. The co-ordinator software 
also handles the transmissions required for document con­
firmations.

CONCLUSIONS
After the first few months of the demonstration service, there 
have been virtually no problems with the INTELPOST 
equipment, and the initial demand for the service is encour­
aging. Al least 6 more countries have decided to join the 
INTELPOST trial, and many others are showing a keen 
interest in the service.

Using the information gained during the trial, the design 
of future networks will take account of anticipated traffic 
between the various countries and will provide alternative 
data routes to ease congestion and route dependence; an 
Internationally-agreed transmission protocol will be used. It 
is envisaged that each country will have a need to integrate 
the INTF.LPOST system with its own domestic facsimile 
network to provide a national service. Indeed, the INTEL­
POST systems may well become an integral part of an 
international electronic-mail system.

There is little doubt that there is a rapidly increasing need 
for an international electronic-mail system, and the BPO 
intends to make an important contribution towards its 
specification and implementation.

ACKNOWLEDGEMENTS
The author wishes to acknowledge the work of his own staff 
and colleagues within the BPO in establishing the London 
INTELPOST centre. Credit is also due to the USA postal 
administration for their initiative in producing the INTEL­
POST system.

POEEJ, Vol. 72, Jan. 1980 219



An IMPATT Diode Amplifier for 11 GHz 
Digital Radio-Relay Systems
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This article outlines the principle of operation of the IMPATT diode and discusses the materials, con­
struction and packaging aspects. A description is then given of the design of an IMPATT diode amplifier 
capable of producing 10 W output power and intended as the replacement for the travelling-wave amplifier 
in 11 Ci Hz digital radio-relay systems.

INTRODUCTION
Microwave radio-relay systems constitute a significant pro­
portion of the main network transmission capacity, and must 
keep pace as digital working is introduced progressively during 
the 1980s1. This will be achieved initially by exploiting the 
10-7—11 -7 GHz frequency band2, primarily as an overlay to 
the present 2, 4 and 6 GHz analogue radio network3, using 
existing radio station sites and aerial support structures. The 
lengths of typical links, propagation effects at 11 GHz4, and 
achievable noise figure of receivers combine to necessitate a 
transmitter output power of around 10 W to achieve the 
required main network transmission performance standards.

The first generation of 11 GHz digital radio equipment will 
produce this output power from a travelling-wave tube 
amplifier (TWTA). Recent advances in TWT construction 
have extended their operating lifetime, but even so, the limit 
is only some 3 years, representing a considerable maintenance 
and replacement cost during the life of the equipment. The 
TWTs also require high-voltage (several kilovolts) power 
supplies, which are heavy and bulky and have not always 
been very reliable.

This article describes an amplifier, incorporating high­
efficiency impact avalanche transit-time (IMPATT) diodes, 
which is being developed for use in the output stage of an 
all-solid-state I! GHz transmitter. This amplifier offers an 
economic advantage over the TWTA, because it is designed 
to last for the life of the system, without any routine main­
tenance or replacement of components.

SOLID-STATE POWER DEVICES
Of the possible alternative contenders for the active devices 
to be used in the amplifier, only the gallium arsenide (GaAs) 
IMPATT diode can provide the necessary power with the 
required reliability at present5. However, developments in 
GaAs field effect transistors (FETs) have been dramatic in 
the last few years, audit may not be long before commercially- 
avaiiable devices are challenging the GaAs IMPATT diodes 
developed for the present project.

Although IMPATT diodes can be fabricated from either 
silicon or GaAs, it is only in GaAs that the combination of 
high mobility and carrier velocity combine to produce the 
highest efficiency hi-lo Read-type6 structure. The diodes are 
fabricated from suitably grown epitaxial layers, with titanium­
platinum-gold Schottky barriers for both the active (N|) and 
the back contacts7-s, as shown in the cross-section of a 
typical diode in Fig. 1. They use much of the basic IMPATT 
technology previously developed for the millimetric trunk 
waveguide project9; namely, proton isolation of the diode
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Fig. 1—Cross-section of typical diode

active areas and integral gold-plated heat sinks for good 
thermal heat sinking. Because of the extremely tight doping 
profile specification that is required for this hi-lo diode 
structure (Fig. 2), and the absence of a generally-accepted 
theory to explain the high-efficiency mode of operation, much 
effort was required in the British Post Office Research Depart­
ment to optimize the structure for the 10-7-11 ■ 7 GHz band.

PRINCIPLES OF HI-LO READ-TYPE IMPATT 
DIODE OPERATION
The basic hi-lo diode derives its name from the shape of the 
doping profile required for its operation. A typical idealized 
and a practical profile for an 11 GHz GaAs diode are shown 
in Fig. 2. The junction of such a diode is formed by a metallic 
Schottky contact to the hi (Nj) region and, when the diode is 
sufficiently reverse biased, avalanche breakdown of this 
junction takes place; the resulting avalanche-zone is contained 
totally within a thin region (x^ of approximately 0-4/um, 
although the depletion region extends further into the N2 
drift region. To simplify the technology, a similar metal 
Schottky contact to the n+ substrate is used in place of an 
ohmic back contact. (Since this diode is effectively forward 
biased during operation, its impedance is sufficiently low at 
the operating frequency.)
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Fig. 3—Diode operating principles
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Fig. 2—Doping profiles for 11 GHz GaAs hi-lo IMPATT diode

When a signa! voltage (Fs) is superimposed on a DC volt­
age (KDC) just below breakdown. Fig. 3(a), the peaks of the 
combined voltages generate avalanche pulses of charge 
carriers (electrons). Fig. 3(6), which then drift at the saturated 
drift velocity (approximately 6 x l06cm/s at the operating 
temperature of about 200 C) through the Io doped N2 region. 
Because there is a phase delay of approximately tt/2 due to 
the build-up of the avalanche process, and a further delay due 
to the drifting carriers in N,, it is possible, by appropriate 
choice of depletion-layer thickness (determined by the doping 
profile), to produce a total phase shift of it in the induced 
terminal current with respect to the applied voltage, Fig. 3(c); 
thus, a negative resistance is presented to the external circuit. 
Such a diode can then be used to generate power in an 
oscillator, or in a reflection amplifier.

This simplified theory of operation is equally applicable to 
the basic uniformly-doped IMPATT structure, but the 
particular properties of GaAs, used in conjunction with the 
hi-lo doping profile, enable a larger depletion layer swing to 
be obtained, which increases the normal efficiency of about 
10% to greater than 20%, Powers greater than 2 W at II GHz 
have routinely been produced from a single diode, and the 
53 W obtained from a single chip is probably the highest 
reported for a temperature rise of only 180"C.

Fig. 4 shows an example of a diode, mounted in a specially- 
designed package, consisting of 2 active areas bonded together 
with a thin gold tape to produce 4-5 W. Two diode chips, 
each in a separate package, are used in the amplifier power 
stage, as shown in Fig. 11.

0-7 mm

Fig. 4—Photograph of packaged diode—plan view showing 2 areas 
bonded

MATERIALS SPECIFICATION
Inevitably, the optimization of the structure10 to obtain such 
improvement in performance places severe constraints on the 
basic semiconductor materials requirements, to such an extent 
that the specification is probably the most difficult to meet 
for any semiconductor device yet produced.

The most critical part of the epitaxial layer structure is the 
Io N2 drift region, which is required to be 4'0 ±0'5 ¿rm 
thick and of doping level (6-0 + 0-5) X 1015 atoms/cm3. If 
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this doping level drops to 3 x 1015 atoms/cm3, the frequency 
of peak efficiency shifts from 11 GHz to 8-5 GHz; an increase 
to 8 x 1015 atoms/cm3, however, reduces the efficiency to 
about 15% at 11 GHz.

The hi N[ region has a more relaxed specification of 
(8-5 ± I S) x 1016 atoms/cm3, with an initial thickness 
exceeding 0-5 ¿tm. This is because the depletion-layer width, 
as deduced from the breakdown voltage, is the controlling 
factor in determining the correct operating frequency, and 
the layer thickness can be tailored appropriately to a particu­
lar doping by using an etch-to-voltage technique11. By succes­
sive anodic oxidation in a chemical solution, and removal by 
etching, thin layers of GaAs can be removed until a typical 
final thickness of 0 4 + 0-02 gm is achieved. Careful moni­
toring of the removal of the layer is aided by the use of an 
ellipsometer, until the final breakdown voltage is reached.

Because of the very tight control required on the N2 doping 
level, very stringent calibration and monitoring of the 
measuring techniques are required, particularly when material 
is obtained from more than one source of supply.

DEVICE TECHNOLOGY
The cross-section of a typical diode is shown diagrammat ically 
in Fig. 1. From the basic GaAs slice, approximately 0-25 mm 
thick and containing the epitaxially grown hi-io sequence of 
layers on a highly doped substrate, squares of side 8 mm are 
cleaved and thinned as described. When the correct break­
down voltage is reached, the slice is cleaned and the Schottky 
barrier of O l^m of titanium is deposited by filament 
evaporation in a vacuum vessel. The slice is transferred to 
another vessel for radio-frequency (RF) plasma cleaning, and 
then layers of 0 • 3 ¿cm platinum and 0 • 3 ¿im gold are deposited 
by DC triode sputtering.

A gold heatsink is electroplated onto the sputtered gold 
layer to produce a layer of gold 250 ¿im thick; the GaAs slice 
is then mechanically thinned from the back by lapping, 
followed by etching to remove work damage, until the final 
semiconductor thickness is approximately 10 ¿im. A similar 
titanium-platinum-gold metallization is then deposited on the 
n k substrate, and an array of gold pads, about 15 gm thick 
and with appropriate pad diameter (120-160 ¿tm), is electro­
plated through a template produced by photolithographic 
techniques.

These pads not only provide contact areas, but also act as 
a mask to define the active diode areas during subsequent 
proton bombardment using a range of energies (200 keV to 
1 -4 MeV) from a high-energy accelerator. This bombardment 
converts the GaAs outside the masked areas into a semi­
insulating form, which then isolates and separates the diodes 
and produces a buried device structure. Finally, the slice is 
sawn into about 70 chips, each 0'7 mm square, with 4 indi­
vidual diode areas on each. The chips are then mounted, N, 
Schottky contact side downwards, into special packages, as 
described later.

LIFE TESTING
Packaged diodes are placed on accelerated life tests with 
junction temperatures up to 300'C. Preliminary burn-in tests 
eliminate premature failures caused by the alloying of gold 
from the contact metallization through flaws in the platinum 
and titanium films.

Three possible modes of eventual failure have been ident­
ified. The first is alloying of the Schottky contact metallization 
into the hi region, hence reducing the effective thickness and 
increasing the breakdown voltage. The second is indiffusion 
into the GaAs of an impurity such as chromium, which is 
present in the titanium at the parts-per-million level, lowering 
the effective doping level12. The third is catastrophic failure 
resulting from indiffusion of gold from the contact areas, 
leading to final alloying right through the semiconductor 
slice.

An encouraging feature of the tests so far is the stability of 
the breakdown voltage and the RF performance of the 
limited number of devices tested, which suggests that the 
titanium-platinum-gold metallization system adopted for the 
Schottky contact is capable of providing the required system 
life of greater than I05 hours13.

ELECTRICAL ASSESSMENT
Although the diodes are intended for eventual application in 
an amplifier, initial assessment in terms of output power and 
optimum frequency is carried out using hybrid coaxial­
waveguide oscillator circuits14. The results of such an assess­
ment are shown in Fig. 5. Previous experiments have shown 
that the maximum added power obtainable from the diodes 
in an amplifier circuit is the same as that obtainable in an 
oscillator circuit. The choice of whether one, two or more 
diode areas are bonded, and what diameter these should be, 
is a complex interaction of thermal and reactive constraints 
imposed by the package, and will be discussed later.

An example of the trade-oif between the number of diode 
areas bonded in parallel and the output power, for 2 different 
diameters, is shown in Fig. 6. Reactance considerations limit 
the total area, so that the optimum diameter depends on the 
number in the array. Within this constraint, 4 small diodes 
give more power than 2 large ones. Fig. 7 shows the output 
power at 11 GHz for four 120 gm diameter diodes connected 
in parallel and indicates that, for a junction temperature rise

Fig. 5—Oscillator output power and efficiency as functions of 
frequency

NUMBEH OF 0!0MS BOMBED IN PARALLEL

Fig. 6—Power related to diode diameter and number bonded in 
parallel
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Fig. 7—Oscillator power and efficiency at 11 GHz for four 120 ,«m 
diodes Fig. 8—Section through package containing diode

of 180'C, the peak efficiency and thermal limit are reached at 
nearly the same input power, thereby maximizing the output. 
However, larger diode areas bonded in arrays of only 2 or 
3 are preferred on grounds of yield, and give sufficient power 
to be used singly in the amplifier driver stage, as described 
later.

DIODE PACKAGING
The diode chip is quite fragile, consisting of a thin brittle 
GaAs layer on top of the much thicker and comparatively 
plastic gold heatsink, and is insufficiently robust for mounting 
in an amplifier unless encapsulated in some way. Commercial 
packages arc legion, but most of those intended for high- 
frequency use have inadequate heat-sinking properties. Most 
have threaded studs that result in poor thermal contact, 
except perhaps where a top flange of adequate diameter is 
provided, yet even this is in an area of low thermal flux. A 
special package was therefore developed, overcoming these 
problems and having better electrical properties than the 
alternatives; this is shown in Fig. 8.

The diode chip is soldered directly to the top of a relatively­
massive gold-plated copper stud. The stud is mounted in a 
close-fitting collet (not shown in the diagram), its large 
diameter ensures adequate contact area at this first mechani­
cal interface. The collet, in turn, is clamped in a conical 
seating in the amplifier body, so that it grips the stud tightly 
to provide good thermal and electrical contact. By this means, 
the contribution of the stud and its mounting collet to the 
thermal resistance is kept as low as 4C/W.

Mechanical protection is provided by the alumina ceramic 
ring, which is brazed onto the stud. Flexible gold-mesh tape, 
attached by thermo-compression bonding, connects the active 
regions of the diode to a gold metallization on top of the 
ceramic ring. The tape is made by an electroplating process, 
and is 125 wide by a few micrometres thick. A gold-plated 
Kovarf lid can be soldered in place to complete the package 
and provide a closed environment for the diode.

The dimensions chosen determine the reactance of the 
packaged diode. Series inductance is associated with the 
bonding tape and with magnetic energy storage in the region 
of the package, while shunt capacitance is contributed by the 
lid, the ceramic ring and fringing effects. Low total reactance 
is necessary for wide bandwidth, and the balance between 
inductance and capacitance (that is, the series resonant fre-

? Kovar—Trade mark; a metal alloy having the same thermal 
expansion coefficient as alumina ceramic
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Fig. 9—Reactance of packaged diode

quency of the diode) must be compatible with the particular 
circuit environment. The amplifier configuration chosen con­
tains quarter-wave matching transformers, and there is only 
limited scope for reducing their length to accommodate the 
low series resonant frequency that results from excess induc­
tance, so it is this component that must be minimized in 
designing the package. Low inductance requires low total 
volume and a short bonding tape. Thus, the ring chosen has 
an inner diameter that just clears the corners of the chip and 
a height only slightly greater than the chip thickness. This 
choice of ceramic-ring height is an essential feature in achiev­
ing the maximum power output from the diodes.

To increase power, the total active area of semiconductor 
must be increased by bonding together more diodes on one 
chip, or by increasing their diameter. However, the resonant 
frequency of the packaged device then falls and, for areas 
yielding the power needed in this application, is below the 
required operating frequency. The maximum inductive 
reactance that can be matched in the broadband amplifier is 
10 Q. The reactance curves of Fig. 9 show that, for operation 
in the 10-7—11 7 GHz band, a maximum area of about 
5 x 10 4 cm2 can be matched, giving about 5 W of added 
RF power. For this reason, the power from 2 packaged diodes 
is combined to obtain the required 10 W from the amplifier.
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THE 10 W OUTPUT STAGE
The IMPATT diodes are used in a reflection amplifier con­
figuration. A signal incident on the diode is reflected with 
enhanced amplitude, and a simple amplifier could consist of 
an IMPATT diode, connected to a 3-port ferrite circulator to 
separate the input and output signals, as shown in Fig. 10. In 
practice, additional circuit elements are needed to provide an 
impedance transformation between diode and circulator, 
thereby controlling the gain and bandwidth; provision must 
also be made for application of DC bias. Furthermore, the 
impedance characteristics of the circuit must be such as to 
inhibit oscillation at unwanted frequencies.

The 10 W output stage, shown schematically in Fig. 11, 
uses a circuit structure first described by Rucker15’16 to 
combine the power from 2 packaged diodes. The diodes are 
mounted at the ends of quarter-wave transformers, which are 
connected together with a microwave absorber and cap- 
actively coupled to the input-output port; this, in turn, is 
connected to the circulator. At the operating frequency, there 
is a current node at the centre of the symmetrical circuit and, 
ideally, the absorber contributes no loss. In practice, there is a 
small loss if the characteristics of the 2 diodes are not per­
fectly matched. However, at other frequencies this condition 
docs not apply and the presence of the absorber introduces 
considerable damping. This effectively inhibits the generation 
of harmonics, sub-harmonics and parametric products, which 
are so prevalent in more conventional circuits when IMPATT 
diodes are driven at high power levels.

The quarter-wave transformers are constructed in trough­

line, which is an open-sided U-shaped variant of coaxial 
transmission line. Adoption of this open structure eases the 
provision of bias and tuning arrangements. Constant-current 
bias is applied separately to each diode via a coaxial low- 
high-low filter section and a fine wire, which forms a quarter­
wave choke (the absorber is non-conducting at DC). A nylon 
screw, with low-loss quartz tip, is inserted through the open 
side of the troughline to give a tuning adjustment range of a 
few-hundred megahertz.

The characteristic impedance, Zo, of the transformers plays 
a major part in transforming the load resistance to the value 
into which the diode must work to give the gain required. 
The gain is given by

G = 101ogw|^^_TdB,

where ZD is the diode impedance, Zs the impedance presented 
to the diode by the circuit, and * denotes the complex 
conjugate.

At the centre frequency of the amplifier, the diode reactance 
is resonated, and the gain can be more simply expressed in 
terms of resistances as

/ n - R \2
G- I0loglo -^) dB.

A typical diode has an RF resistance of —2 Q; so, for a 
gain of 6 dB, the circuit must present a resistance of Rs = 6 £2.

Fig, 12 shows how the RF equivalent circuit appears to 
each of the 2 packaged diodes. It can be shown that the 
impedance presented to the diode, when the transformer is 
one-quarter wavelength long, is 

INPUT c-
SIGNAL o-

FERRITE 
CIRCULATOR

IMPATT 
0I00E

AMPLIFIED
OUTPUT 
SIGNAL

2^02 Z02/a>C 
4J?l2+-U

If the coupling capacitance is made large, then
Z»2

2*l

Fig. 10—Principle of circulator-coupled reflection amplifier and a value of Zo = 24-5 il is required.
In practice, a lower value of coupling capacitance is chosen, 

so that the coupling can be adjusted easily to set the trans­
formation ratio, and hence the gain, to the value required. 
This reduces the resistance presented to the diode and, to 
compensate for this, a higher value of Zo is required. A value

Fig. il—Diagram of 10 W output stage Fig. 12—RF equivalent circuit as seen by each diode

4^2 + ^
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of 30 Q is found convenient. Also, the transformers are made 
considerably shorter than the nominal quarter wavelength, 
in order to resonate the diode inductance. This factor, 
together with the stray capacitances associated with the 
transformer supports, and other minor fringing effects, 
contributes to the impedance transformation, which deter­
mines the gain and bandwidth of the amplifier.

It is characteristic of high-efficiency IMPATT diodes that 
their negative resistance increases markedly with reduction in 
RF signal level, especially towards the lower end of their 
operating frequency range. Consequently, an unconditionally 
stable amplifier (one that does not oscillate under any drive 
conditions) cannot be constructed with a gain greater than 
about 2 dB. Uncontrolled oscillations cannot be tolerated in 
an operational system, because they could cause interference 
to adjacent transmission channels. A squelch circuit must be 
provided to suppress the output when normal operating 
conditions are disturbed; for example, by a loss of input 
signal, in a conventional arrangement, the input power would 
be monitored with a directional coupler and diode detector. 
However, a novel and more all-embracing arrangement17 is 
used, exploiting the change in diode DC operating voltage 
that results from any disturbance to the RF conditions. A 
temperature-compensated voltage-sensing circuit monitors 
the diode voltages, and removes the DC bias if these wander 
outside preset limits.

THE TWO-STAGE AMPLIFIER
The 10 W output stage requires just over 2-5 W of RF drive, 
taking into account the small losses in the circulator. Even 
this is greater than the power obtainable conveniently, and 
with reliability, by other means, and so a further stage em­
ploying high-efficiency IMPATT diodes is used as the driver. 
This also uses the Rucker structure to take advantage of its 
freedom from instabilities, and therefore incorporates many 
parts common to the output stage. Because power levels are 
lower, however, the heat sinks can be smaller, and within 
each diode package only a single active area is bonded. 
The consequent reduction in reactance improves the gain­
bandwidth product, and the driver stage is operated at a gain 
in excess of 10 dB.

Fig. 13 is a functional diagram of the 2-stage amplifier,

OUTPUT 
IBM

INPUT
300 mW

Fig. 13—Configuration of 2-stage amplifier

showing the third circulator that provides inter-stage isolation. 
The 3 low-loss stripline circulatorsf are constructed as a 
single 5-port module, reducing losses and reflections by 
elimination of redundant connector pairs. Bandwidth is 
reduced by cascading 2 stages, but remains well in excess of 
that required for an RF channel of the radio-relay system. 
Nevertheless, a tuning adjustment is provided on the driver 
stage. This allows a single amplifier to be used (or serve as a 
spare) for any of the 6 channels accommodated in a 500 MHz 
half-band for transmission in one direction. Another ampli­
fier, having transformers and troughlines of slightly different 
length, accommodates the other half-band for the opposite 
direction.

The photograph of Fig. 14 shows a complete 2-stage 
amplifier. The driver and output stages are seen respectively 
below and above the rectangular circulator module, and sur­
mounted by the heatsinks for the current regulator power

■f Developed at the Hirst Research Centre, GEC Telecommuni­
cations Ltd., Wembley

i--------------------------- 1
50 mm

Fig. 14—Photograph of 2-stage amplifier
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transistors. The unit is proportioned to fit into the slim-line 
equipment practice (SLEP) racks used for 11 GHz digital 
radio equipment, occupying a space similar to that required 
by a TWTA module. The separate low-voltage power supply 
can occupy less volume than the corresponding high-voltage 
unit used with the TWTA.

PERFORMANCE
Output powers of 10 W have been obtained from amplifiers 
in which the diodes are operated at junction temperatures 
compatible with long life. A typical transfer characteristic for 
an output stage is shown in Fig. 15, illustrating the relation­
ships between gain, added power and output power. At a 
given bias current, the setting of the input-output coupling 
determines the input power at which the added power is at 
its peak value. In the example, this condition, corresponding 
to maximum power-added efficiency, is arranged to occur at 
the desired operating gain of 6dB. At lower input powers 
the negative resistance of the diodes increases, resulting in 
higher gain but a reduction in both efficiency and added 
power; at higher input powers, the output power rises in step, 
with little change in diode negative resistance or added power, 
but the effective gain falls. Despite operating in an apparently 
saturated condition, the resultant signal distortion is not 
significantly greater than that produced by an equivalent 
TWTA.

The gain/frequency response of a 2-stage amplifier (see

OUTPUT 
POWER 

ANOADDED
POWER 

(W

INPUT POWER <wt

Fig. 15—Output stage transfer characteristic

TABLE 1
Two-Stage Amplifier Performance

Frequency band
10-7-11 -2 GHz 

or
11'2 11-7 GHz

Instantaneous 1 <1B bandwidth 350 MHz

Tuning range + 100 MHz

Gain 15 dB

Output power 10W

Input/Output impedance 50Q

VSWR (whole band) 
Input 
Output

<12
<13

AM-PM conversion (typical) 3-5 degrees/dB

Overall power-added efficiency 14%
Power supply required 60 V rated at 1 ■ 5 A

Fig. 16—Two-stage amplifier frequency response

Fig. 16) shows that, as the input power is raised and the 
amplifier driven into compression, the bandwidth increases 
slightly. Other details of 2-stage amplifier performance are 
given in Table I.

An important measure of performance for digital radio­
relay system application is the amount by which the system 
signal-to-noise ratio must be increased, at a constant binary 
error rate, to overcome the degradation introduced by the 
amplifier. This is an acid test for high-efficiency IMPATT 
diodes, in view of former speculation that their unique 
properties might preclude their use with modulated signals. 
The results in Fig. 17, measured on an 11 GHz radio-relay 
system test-bed using 4-phase, phase-shift-keyed (PSK) 
signalling, show that less than 0-5 dB degradation is intro­
duced by the amplifier, which is an acceptable amount.

CONCLUSIONS
Amplifiers have been built to prove the feasibility of obtaining 
sufficient power from solid-state devices to replace the 
TWTAs in 11 GHz digital radio-relay system transmitters.
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A direct replacement of the 40 dB gain TWTA, around which 
the remainder of the system has evolved, can be achieved by 
making up the gain shortfall with an additional low-power 
driverstage. However, in an all-solid-state transmitter, it may 
be more appropriate to uprate the RF modulator to operate 
at higher power, thereby eliminating the need for additional 
gain at a bandwidth-conscious location in the system. Further 
investigation along these lines will determine the most appro­
priate manner for the demonstrated solid-state power 
capability to be used in the radio system.
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Britain’s Success at TELECOM 79
D. WILLSON?

Even Britain's competitors admitted that the British stole the 
show at TELECOM 79—the world’s most prestigous inter­
national telecommunications exhibition, held in Geneva from 
20lh to 26th September 1979. In design, presentation and 
technical interest, Britain had the most successful stand.

Il was a unique presentation of British equipment, expertise 
and endeavour in telecommunications. For the first time, the 
British Post Office (BPO) joined with the nation’s top tele­
communications firms—General Electric Company, Marconi 
Communication Systems, Plessey Telecommunications and 
Office Systems, Pye TMC and Standard Telephones and 
Cables—to present a co-ordinated display of British achieve­
ment and capability to the rest of the world.

? Mr Willson is Senior Technical Press Officer, Public Relations 
Department, Central Headquarters

Focal point of the display was a working System X local 
exchange—one of the integrated, modular ‘family’ of stored- 
program control (SPC) digital-electronic exchanges that will 
carry the British telecommunications network into the next 
century. The unveiling of System X at TELECOM 79 was a 
unique occasion. No comparable exchange system as 
advanced as System X was shown in operation at Geneva. 
Clearly, other systems with some of System X’s features are 
being developed, but little of their hardware was in evidence, 
and none of it was working to the standard of the System X 
display.

Also making its first impact at Geneva was a new company, 
British Telecommunications Systems (BTS), which has been 
established by the BPO and its partners in System X—GEC, 
Plessey and STC—lo promote the System’s export. BTS 
undertook the presentation and demonstration of System X
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Fig. 1—System X demonstration stand
Fig. 2—The Monarch 120 demonstration stand

at Geneva, with engineers seconded to it from all 4 member 
organizations.

A major feature of that presentation was a kaleidoscope­
type presentation in light and sound symbolizing the evolution 
of System X. Forty slide-projectors, linked and operated by 
microprocessor-control circuits, projected a striking multi­
colour display, with an appropriately dramatic musical 
accompaniment, onto a 8 in x 2 m screen situated over the 
System X exchange; the screen presentation was of 5 min 
duration. A sound commentary in English, French, Spanish, 
Russian, Chinese and Arabic was available from telephones 
surrounding the exhibit. The arrangement of the System X 
stand is shown in Fig. 1.

What also came as a surprise to many users was the 
recorded-information facility of System X. This voice­
guidance facility, designed to help customers understand and 
use the new facilities of System X (for example, short-code 
dialling), is a feature unique to the British development.

Supporting the System X exchange was a comprehensive 
display of digital transmission equipment (much of it func­
tioning) linked to the System X exchange or to other working 
systems. All the present steps in the digital hierarchy were 
represented, from 30-channel pulse-code modulation systems 
to 140 Mbit/s line and radio systems, with optical-fibre trans­
mission media well to the fore.

With these main switching and transmission exhibits was 
one of the most comprehensive displays of customer apparatus 
ever staged. Central to this display was a working Monarch 
120 call-connect system (see Fig. 2)—the digital-electronic, 
SPC PABX based on the BPO Customer Digital Switching 
System No. I. Connected to the Monarch 120 system were all 
300 or so new generation telephones (the new range developed 
for use with System X), plus many other instruments; for 
example, telephone-user aids for the handicapped, and small 
business systems, the latter in proprietory versions as well as 
the version developed by Pye TMC for the BPO.

Prestel, the world-leading BPO viewdata service was on 
display, and it was demonstrated that it was the only service 
in public operation, putting rival systems in perspective. There 
was also a Confravision studio on the stand, linked to a 
mobile studio parked outside the exhibition hall to provide a 
continuous demonstration, in colour, of the system; working 
displays of Telex and data equipment were also on show.

The BPO launched its new Teleconsult service—an over­
seas consultancy service which, backed by the huge resources 
and expertise of BPO Telecommunications, has been estab­
lished to advise on the modernization and expansion of other 
administrations’ networks.

The BPO also had on display examples of the transmission 
media to be found in or planned for the UK telephone net­
work: for example,

(a) 64 kbit/s customer-to-customer digital transmission, 
using, for local ends, the burst-mode technique for trans­
mission over telephone pairs,

(b) slow-scan television, as an example of the high-informa­
tion-content signals that can be transmitted using this digital 
capability,

(c) local wideband transmission, as developed for new 
towns in Britain,

(d) optical-fibre cable, produced by the double crucible 
technique, and newly developed components for 2 Mbit/s and 
8 Mbit/s operation and a cost-reduced 2 Mbit/s system,

(e) automatic call-recording equipment (ACRE), showing 
how microprocessors can ease the workload of telephonists, 
and

(/) measurement and analysis centres, concerned with, the 
improvement of network performance and quality of service.

The central area of the British stand was ringed by the 
stands of the 5 UK firms associated with the BPO in this 
venture. And to complete the British exhibits were displays 
by some 20 or so other UK companies who exhibited under 
the auspices of the Electronic Engineering Association and the 
British Overseas Trade Board (BOTB).

For the staff of the British stand, the week's highlight was 
September 25—British National Day—when HRH the Duke 
of Kent, Vice-Chairman of the BOTB, spent most of the 
morning touring the pavilion. That day, Britain also made 
telecommunications history when Europe’s first, two-way, 
colour television conference link by satellite was established. 
For the entire day, the Confravision studio on the stand was 
linked to the Euston Tower studio in London via the orbital 
test satellite, and the link was used by BBC TV during its 
“Pebble Mill at One” programme for a live interview with the 
Director of BPO Research Department.

The occasion was a triumphant debut for Britain at the 
third ITU world forum and TELECOM exhibition. And by 
almost any criterion, the British performance was seen to be a 
success. On press preview day, September 19 (typically an 
occasion when journalists have to compete with workmen 
finishing the stands), the British pavilion was functioning, 
ready for business, at 0900 hours. Interest by visitors never 
slackened; the stand was always crowded and busy, with a 
daily average of more than 200 “serious” enquiries. The total 
of such enquiries by the end of the exhibition amounted to 
more than 1200, of which more than half were on System X.
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System X: Design and Support
Part I—Information System

D. ALLEN, m.SC., m.b.i.m., and C. D. E. PRICE, b.sc., c.eng., m.i.e,e.+

UDC 621.395.34 J

The System X information system relates to the full range of activities which have to take place from the 
start of development of the System X project up to and including operational service. The system comprises 
the totality of the information involved, the processes that use and generate this information, and 
information management and control. The information encompasses both man-readable and machine- 
readable forms, and processes and control may be either manual or automated. This article describes the 
elements of the information system and the major features of its implementation.

i

INTRODUCTION
Previous articles1-5 in this Journal and those scheduled for 
publication describe the various engineering and technical 
aspects of the family of digital-switched telephone exchanges, 
known collectively as System X. The development of System X 
has been a joint enterprise undertaken by the British Post 
Office (BPO) and 3 of the major UK telecommunications 
equipment manufacturers (GEC, PTL and STC).

In parallel with the development of the system itself, and 
within the same collaborative environment, a System X 
information system (SXIS) is being evolved to support the 
whole spectrum of activities from development, through 
individual exchange design, to operational use. Fig. 1 illu­
strates the type of activities covered. Such a system spans all 
of the interests encompassed by the developer, the manu­
facturer and the user administration; its realization neces­
sitates, therefore, not only collaboration among the different 
interests but also the adoption of conventions or standards 
for the interchange of information.

Where the information is in the form of man-readable 
documents, nationally-agreed and, where possible, inter­
nationally-agreed standards have been adopted. However, 
the use of computers has become increasingly cost effective 
in many areas and, with the increasing pace of technological 
change, offers the only real prospect of being able to respond 
to changing circumstances in an acceptable timescale. Much 
of the information will therefore be held in machine-readable 
form, which dictates that standards for this type of infor­
mation must be established. Again, where possible, inter­
national standards will be adopted.

HISTORY OF COMPUTER APPLICATIONS 
IN THE BPO
Before dealing specifically with the SXIS, a brief account of 
the growth of computing in the BPO is given.

The BPO and the UK telecommunications equipment 
manufacturers participating in the development of System X 
have made increasing use of computers since the introduction 
of batch-processing systems in the 1950s and the inception of 
time-sharing facilities in the 1960s. Initially, the tasks com­
puterized were the traditional ones of payroll, billing and 
similar projects which could be justified because of the clerical 
staff they saved. As the power of the computing tools 
increased and the experience of computer personnel widened, 
the projects tackled also broadened into the more technical 
areas of BPO operations.

In addition to their use in the Research and Development 
field, which includes fundamental studies into telctraffic 
behaviour, computers found many applications in the oper­
ational switching field. Computer support was provided for 
many of the basic planning processes, for exchange dimen­
sioning, exchange specification, circuit allocation and traffic­
record analysis.

Throughout the early and middle stages of this evolutionary 
process, most of the developments were characterized by two 
fundamental attributes:

(a) each computer application was developed largely 
independently of any other application, and

(b) each application obtained its input data in a form that 
was not directly machine-readable.

During the more recent stages of development, there has 
been increasing emphasis on the closer integration of the 
various applications, particularly to make more efficient the 
handling and interchange of data, and on the direct capture 
of data in machine-readable form. An example of the first 

t System X Launch Department, Telecommunications Head­
quarters

Fig. 1—Scope of the System X information system
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type of development can be found in the telephone billing 
computer system, which now draws directly on another 
computer system for those details of a customer’s installation 
needed to form the rental element of his charge account. 
Similarly, as an example of the second type of development 
concerning machine-readable data, microprocessor traffic 
recorders are being introduced into all existing exchanges 
(other than very small rural ones) so that the output can be 
written onto magnetic cartridges for direct input into the 
traffic-record computer-processing system.

Computer support is now evident in almost every sphere 
of BPO and UK telecommunications equipment manufac­
turers’ activity. Much experience has been gained as advantage 
has been taken of technological developments to widen the 
scope of support, to integrate more closely the systems and to 
move towards input of data directly from exchanges. It is 
from this combined base of joint experience that the develop­
ment of a comprehensive support capability for System X 
has been approached.

DEVELOPMENT PROCESSES
The development of System X is supported by a new design­
documentation scheme and by a number of computerized 
aids for the designer, which are indicated in Fig. 2 and 
described briefly in the following paragraphs.

Design Documentation Scheme
As a fundamental step in the design of System X, a new 
documentation scheme has been adopted by the BPO and the 
System X manufacturers. This is based on a common identifi­
cation scheme, a single configuration management system 
and common standards. The scheme is hierarchical, the total 
design information being progressively broken into more 
detailed component parts as one progresses down through the 
hierarchy. There are 3 separate but related hierarchies: one 
for a functional description of the system; one for the reali­
zation of hardware; and one for the realization of software.

The documentation is controlled by the configuration 
management scheme, through which a continuous record is 
maintained of the compatibility of documents describing any 
particular item, slide-in unit, shelf-group, module of software 
etc., and of the compatibility of one item with another. The 
rate of change in design through development and early trial 
of exchanges, models is high, and without complete control 
over the documentation, management of the project is 
impossible. At any one time, the design of System X is 
represented not only by ;he equipment that is available or 
the software running on the processor but, more importantly,

Fig. 2—Development processes

it is represented by the documentation through which further 
equipment will be produced.

The complete documentation scheme encompasses both 
man-readable and machine-readable information. Indeed, a 
great deal of the man-readable documentation is derived from 
the appropriate computer-held documents. In this context, 
the word document is used to denote information in either 
form.

One of the difficulties in setting standards for documentation 
is that of meeting the requirements of all users without 
incurring the excessive cost of manual preparation, mainte­
nance and control of additional documents. The availability 
of a computer-based information system provides an oppor­
tunity to derive different cost-effective presentations of the 
same Information for these different users.

Documentation Database
The computerized documentation database holds the full set 
of compatibility documentation, it forms the support tool for 
configuration management activities and is maintained by 
inputs representing revised compatibility information result­
ing from design changes to any part of System X, The 
compatibility documentation provides essential information 
to designers, who have on-line access to the database, and is 
used to control the documentation to be used in manu­
facturing. Thus, although inputs are checked and processed 
by the BPO's master database, the resultant output inform­
ation is made available to each of the System X manufacturers, 
who maintain their own copy of the database.

Computer-Aided Design
The BPO and each of the System X manufacturers have com­
prehensive computer-aided design (CAD) facilities for elec­
tronic designs. These systems take as input the engineers' 
sketch drawings of circuits, simulate their operation to provide 
early verification of designs, and translate the circuits into 
physical designs. The output—which describes boards, slide­
in-units and shelf designs as well as test programs—is in 
machine-readable form for input io automated manufacturing 
processes.

Although the total design has been divided among the 
4 parties, a design requirement for System X is that each 
manufacturer will manufacture complete systems using, where 
appropriate, designs from the other 3 parties. A further 
design requirement is that, for operational purposes, the 
product from all 3 manufacturers will be identical.

These requirements result in an effective multi-supply 
situation for the BPO, but emphasize the separation of the 
development and manufacturing activities. This gives rise to 
the adoption of common hardware design standards and, 
perhaps more importantly, the adoption of defined docu­
mentation between the two functions. Thus, the computer 
facilities of all 4 parties are to be linked through standardized 
machine-readable documentation for printed-wiring boards, 
slide-in units, shelf design and automatic testing programmes, 
at the point in the design process between design and manu­
facture.

The CAD system, and the method of interworking, are 
described in more detail in a companion article in this issue 
of the Journal.

Software Development Facility
The processors to be used within each System X exchange are 
being developed as part of the System X programme. How­
ever, much useful software development has been, and is 
being, undertaken on computers other than those to be used 
in System X. This is being done by the use of a software 
development facility (SDF), which will be described in detail 
in a future article in this Journal.
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Software Master Library
The software master library (SML) provides secure library 
facilities to hold ail machine-readable documentation for 
System X. It was provided originally solely for software files 
and, in its present form, is closely associated with the soft­
ware development facilities.

The above paragraphs describe the major systems which 
support development and form a part of the continuous 
design process. Other computerized aids are in use to assist 
in the preparation of man-readable documents. Each of the 
4 parties makes use of word-processing equipment, and a 
facility (known as SXI) is available for the automatic pre­
paration and revision of progression and flowcharts. However, 
in these cases, little advantage is seen in the control and 
interchange of such information in machine-readable form 
and the documentation is controlled in its man-readable form.

Thus, the full set of design documentation, managed as a 
coherent whole, consists of machine-readable documents (for 
hardware design, software design and configuration manage­
ment information) and man-readable specification and 
descriptive documents.

INDIVIDUAL INSTALLATION DESIGN 
PROCESSES
A number of processes are being developed to support the 
design of individual exchange installations. The problems 
here are somewhat different from those of development, in 
that the interfaces are only between the BPO and the manu­
facturer. However, as the BPO has to interface separately 
with each of the 3 manufacturers, there is still a need to 
maintain standard formats for individual installation docu­
mentation. In addition, there is a need to retain flexibility in 
the division of responsibilities between the BPO and the 
manufacturers for the various activities involved. Hence, the 
various facilities need to be established for use by either the 
manufacturers or the BPO.

The major processes related to the design of individual 
installations arc illustrated in Fig. 3 and are described briefly 
in the following paragraphs.

Fig. 3—Individual installation design processes

Hardware and Software Dimensioning
Hardware and software dimensioning for individual instal­
lations is performed by a program called SIFTER. Dimension­
ing is based on individual installation design data (derived 
from planning), dimensioning rules for the System X equip­
ment (generated as part of the development documentation) 
and compatibility information from the documentation data 
base. A design feature of SIFTER is that dimensioning rules 
can be changed readily to reflect the particular requirements 
of the BPO, or of any other administration.

Both the software and hardware for System X is modular, 
each module perhaps being realized in more than one form 
to meet different individual installation design parameters. 
The criteria for a choice between these options are contained 
within the dimensioning rules, enabling SIFTER to select 
from the different options automatically. Whilst such selection 
is essential for optimized designs of hardware covering the 
full range of installation sizes and facilities, there are doubts 
about the need for a similar approach with software gener­
ation. However, the automated tools to provide the facility 
do not present a particular difficulty. They will, in any case, 
be of great value through later stages of development and 
into early production models, by quickly providing updates 
of software as required, following changes or enhancement 
to design.

The dimensioning of hardware is complicated by two 
further needs:

(a) to take into account existing equipment and the design 
of that equipment (both in terms of design compatibility and 
individual installation design) when designing exchange 
extensions, and

(b) to take into account predicted requirements of future 
extensions for optimization of design throughout the life of 
the installation.

The output from SIFTER represents a full specification of 
the hardware and software for an installation. In the present 
method of working between the BPO and its suppliers this 
specification forms the basis of a supply contract and is made 
available in both man-readable form (required for legal 
reasons) and in machine-readable form (for interfacing with 
the computer systems in use within the manufacturer's 
organization). The software part of the specification is used 
as input to the exchange software generator (ESG); the hard­
ware part is used as input to the exchange-name CAD system.

Exchange Software Generator
As stated above, part of the output from SIFTER identifies 
the software to be generated in terms of software parts lists 
(SPLs), which reflect the design documentation structure for 
software; the SPLs define the source code, the compilers, 
linkers and the lower-order modules in the software structure, 
necessary to generate the object code. In addition, they 
identify any individual exchange man-readable documents 
which are required and which may be generated automatically.

The ESG acts on the instructions contained in these SPLs 
and, making use of the language system of the SDF as 
necessary, generates files in the SML for each element of the 
software; these are retained for use on subsequent regener­
ations of the software or for possible use on other similar 
installations.

Substantial parts of the ESG have been operational since 
early 1978 and have been in use since that time in support of 
development.

Exchange-Name Computer-Aided Design
The principal function of the exchange-name CAD system 
is that of producing manufacturing information for hard­
ware, including the laying out of the equipment specified by 
SIFTER, designing the overhead ironwork, cabling and cable 
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layout etc. and running checks on power requirements, 
ventilation and so on. This system, as for SIFTER, has to 
take into account existing equipment when handling exten­
sions (to avoid costly re-arrangements) and to prepare some 
preliminary picture of later growth to minimize difficulties at 
later extensions. The system must, necessarily, be iterative to 
enable practical constraints, such as timing tolerances in 
cables, to be satisfied.

At present, work on this system is at an early specification 
stage, particular priority is being given to those modules of 
the system which are most cost effective in the manual effort 
saved by automation. However, the system is, as far as 
possible, based on past developments for existing systems.

Initial Operating Data
Before an exchange can be brought into service the processor 
must be loaded with relevant details of the subscribers, 
circuits, code translations, etc. To alleviate the large workload 
that would fall on the local exchange operating staff, a facility 
is being developed to enable this data to be assembled on a 
computer file and associated with the exchange software 
before loading onto the installation just prior to final testing. 
This facility is known as the data area initializer and verifier 
(DAIV). Once the data has been loaded in this way, further 
updates to maintain the data are made through normal 
man-machine interfaces to the processor.

Individual Exchange-Name Documentation
Individual exchange-name documentation for System X will 
be based on the scheme already in use for existing exchange 
systems. Some enhancements will be required to interface 
this scheme with that for System X development document­
ation and to introduce additional configuration management 
facilities to cover the wider use of machine-readable docu­
ments in an automated system.

As for development information, the machine-readable 
files generated by the automated processes will be used to 
generate the bulk of the man-readable documentation 
required. Again, it will be possible to format the information 
in different ways to serve the requirements of different users 
(for example, installation, commissioning and maintenance), 
without significantly increasing either the effort required for 
preparation or the information management problems 
associated with a variety of presentations of the same in­
formation.

This information also provides an input to a database 
that describes each exchange and contains details of the 
hardware, software, circuit allocations and other key par­
ameters. This database will be kept up to date to reflect the 
operational activities of the administration. Thus, for any 
particular exchange, the data held will relate to each of the 
following phases as the exchange moves through the various 
stages of its life:

(a) original details of hardware and software specifications 
for a new exchange,

(6) actual details of hardware and software at date of 
opening service,

(c) details of exchange module interconnexions and circuit 
allocations at the date of opening of service,

(d) predicted and, subsequently, actual state of hardware, 
software and allocations at the date of opening of each 
exchange extension, and

(e) day-to-day changes of hardware, software, circuit 
allocations, etc.
The above data will be held to a level of detail sufficient to 
provide the following functions :

(a) a record of where hardware and software is used, so 
that the sites affected by new releases or retrospective changes 
can be quickly identified and the scale and cost of the work 
assessed,

(b) a direct feedback of details of the existing state of an 
exchange to the procurement system, so that extensions can 
be correctly dimensioned and specified,

(c) automatic production and updating of the inter­
connexion and allocation documentation, thus avoiding 
large volumes of tedious error-prone manual work, and

(d) a fixed-asset register for valuing the state of investment 
and calculating appropriate depreciation provisions.

OPERATIONAL PROCESSING
The family of System X exchanges contains software that 
monitors and reports on the events happening within the 
exchange. Apart from the fault alarms and the communi­
cations via the man-machine interface (MMI), all of the data 
wilt initially be produced on magnetic cartridges, cither at the 
exchange site or, via data links, at the local administration 
centre (LAC) site. Subsequently, data links may be provided 
direct from the LAC to the computing centre. The output 
data falls into the following broad categories:

(a) security records,
(6) call-accounting records,
(c) traffic records,
(d) quality of service and other statistics, and
(e) fault history records.
The System X information system provides facilities to 

process each of these categories of data. The processes are 
illustrated in Fig. 4 and each is described briefly in the 
following paragraphs.

Security Records
The security log contains a record of all the transactions made 
via the MMI, together with a record of other key events of 
potential importance. The security log cannot be read or 
altered at either an exchange or an LAC, and therefore 
provides management with an independent record, to audit 
standards, of the significant operational parameters of each 
exchange.

FEEDBACK 
TO 

DEVELOPMENT

Fig. 4—Operational processing
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The information system provides for the processing of this 
log to fulfil the following major aims:

(a) confirmation that important changes have been exe­
cuted correctly (for example, that billing tariffs have been 
appropriately changed);

(b) confirmation that routings, translations, etc, are 
maintained correctly;

(c) detection of changes-of-state of important parameters; 
and

(d) detection and tracing of potential or actual abuse of 
the exchange or network.

Call-Accounting Records
Within an exchange processor, all calls are monitored and 
the data is written onto magnetic cartridges, which are 
processed subsequently within the information system. Some 
of the major types of data are

(a) individual charge units (for ordinary, coin-collecting 
box, PBX lines, etc.),

(b) block charge units (for routine billing),
(c) itemized calls (to enable detailed charge accounts to be 

provided), and
(rf) itemized supplementary service usage records.
This data will be used to calculate the customers’ accounts, 

to provide detailed statements of calls made, and to provide 
a wide range of statistics concerning usage of the system in 
general.

The specific requirements for billing arising from the 
additional facilities provided by System X, and the interfacing 
of System X call-account records with the existing computer­
ized billing system have been specified and arc under 
development.

Traffic Records
Each System X exchange offers the capability of taking a wide 
range of traffic records, and the results of these are again 
written onto magnetic cartridge at either the exchange itself 
or, more usually, at its associated LAC. The major types of 
record are:

{a) traffic intensity for subscriber, junction, tandem and 
automatic-alternative-routing traffic,

(6) destination traffic intensity,
(c) cal! counts (for subscriber, junction route and in­

effective calls),
(rf) congestion counts (for destination route), and
(e) common-equipment traffic intensity, including measure­

ments of each subsystem within the exchange.
These records will be processed as appropriate by the 

information system and many parameters will be retained in 
the central library in the form of a computer database. This 
database provides a very valuable basis for both forecasting 
work and planning work. Moreover, it provides a number of 
management statistics which show, for example, the efficiency 
of operation of each part of the network. The requirements 
arising from the need to interface this output data from 
System X with existing computerized systems for traffic 
records have been specified and the necessary interfaces are 
under development.

Quality of Service and other Statistics
A large number of other parameters are monitored and 
recorded by System X exchanges, and are processed to 
provide management information concerning the state of the 
network. Some of the more important ones are

(a) service-based call count,
(b) charge-related call count,
(c) charge-units count, ■
(d) set-up analysis,
(e) tariff analysis,
(/) failure analysis,
(<?) supplementary service analysis, and
(A) I-in-W call sample.
These parameters, when processed in a suitable manner, 

provide information to help in assessing the quality of service 
being given and the type of usage being made of the system 
by customers. This information is used for a variety of 
purposes including quaiity-of-service control, determination 
of market trends, market stimulation campaigns, and plan­
ning and budgeting.

Fault History Records
Both System X exchanges and LACs contain diagnostic soft­
ware and fault-processing software to enable adequate 
maintenance to be given without further assistance. Neverthe­
less, as with any complex system, situations may arise for 
which no specific cause can be readily identified.

The System X information system will provide assistance 
in the detection of elusive or intermittent faults by processing 
fault/clear data over a longer timespan than is possible within 
the local processor. The principal technique used is one of 
pattern recognition, which draws on the larger volume of 
data to localize probable causes of difficulty. This enables a 
variety of information to be gleaned to assist in fault detection, 
as well as providing advance warning of potential trouble 
spots due perhaps to component weaknesses.

CONCLUSION
The development of the various procedures and processes 
supporting all aspects of telecommunication switching 
systems is as essential to the overall management of tele­
communication networks as the development of the switching 
systems to be provided in those networks.

This article has described the components of the infor­
mation system that supports the development, and will 
support the application, of System X. It has also attempted 
to highlight the need to base these on the coherent manage­
ment of all items of information in both man-readable and 
machine-readable forms.

This article is the first of a series which will examine the 
separate elements of SXIS in further detail.
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System X: Design and Support
Part 2—Computer-Aided Design

P. J. HORTH, B.ENG.+and R. A. REYNOLDS, b.a., m.sc*

UDC 621.395.34: 681.31

Computer-aided design (CAD) has been used widely in the System X development. This article explains the 
principle of the CAD systems used and explains how different CAD facilities operate as an integrated 
system.

INTRODUCTION
Computer aids have been widely used and have played an 
important role in the design of System X hardware. The use of 
computer aids for hardware design is generally called com­
puter-aided design (CAD). Most manual design processes can 
be automated to a greater or lesser degree; the degree of 
automation generally depends on economic factors. Although 
the initial cost of purchasing or developing CAD systems is 
high, operating costs are not high and saving can be achieved 
over manual methods. The time to produce a reliable design is 
reduced, and throughput for a given number of staff is 
increased. Additional benefits gained are:

(q) greater accuracy of the output (in fact, the accuracy 
required to produce some printed wiring board (PWB) designs 
cannot be achieved by manual means),

(b) repeatable output, if it has to be regenerated,
(c) ease of updating,
(d) reliable storage of information, and
(e) greater ability to control the design process.
It was realised very early in the System X development that 

CAD would play a vital role in the development, and a CAD 
system was being defined at the same time as the early System 
X system and subsystem definitions. The definition of a hard­
ware design process and a CAD system to support it was 
largely completed by the end of 1975. Since then, hardware 
development aids have been designed and provided within the 
developing companies and the British Post Office (BPO), in 
line with this CAD system definition. The aim within each 
company has been to integrate different design aids to produce 
an overall system, allowing information to be passed from one 
aid to another with the minimum of manual intervention.

CAD is, however, only part of an overall scheme, described 
in this series of articles, for use of the computer aids in the 
development, realization, and operation of System X exchange 
systems.

One of the main aims of the System X developments is to 
produce switching systems that are modular, the designs 
being such that a subsystem designed by one company is 
capable of being manufactured by any one of the companies 
involved in the System X development. It will be seen in this 
article how integrated CAD systems have been developed 
to achieve this aim, while allowing a great deal of flexibility in 
the choice of particular CAD facilities, both in terms of 
computers and the programs run on them, while allowing 
companies to adopt their own design philosophies and manu­
facturing processes.

t System X Development Department, Telecommunications 
Headquarters

* Systems Evolution and Standards Department, Telecommuni­
cations Headquarters

INTEGRATED CAD SYSTEMS
In the past, each CAD facility has been justified on its indi­
vidual merit. There are additional benefits to be gained, where 
several computer aids are used in a design process, by inte­
grating the facilities; that is, passing the information from one 
CAD facility to another directly, without human transcription. 
It has been the aim in the System X project to integrate CAD 
facilities as far as possible, not only within one company but 
also between the design processes of different companies 
involved in the System X project.

CAD Database
One of the principles adopted to aid this integration has been 
the use of a CAD database. In the past, CAD facilities have 
been provided in isolation, with a manual input and an out­
put in readable form. For the results to be input to a further 
CAD facility, the information had to be manually transcribed. 
This task is laborious and very error prone and can be im­
proved by outputting the information in computer-readable 
form so that the information can be transferred automatically to 
the next CAD facility. Thus, manual transcription is avoided. 
A further improvement is to put all the information onto a 
common CAD database. A process will extract the relevant in­
put information from the database, manipulate it, and pass 
the resultant information into the same database. The design 
information is gradually built up in one database, instead of 
being contained in several different computer files. Each type 
of program can have standard interfaces with the database 
defined, thus allowing ease of modification of programs. The 
final result is a record of the design, in computer storage, from 
which manufacturing information may be produced by further 
computer processing.

Provision of Common Facilities
Complete integration could mean having common CAD 
programs, on common computers, at a central site. All the 
information produced would be immediately usable by all the 
other companies, and the common facilities would simplify 
the transfer of design information between companies for 
manufacture or further development. However, there were 
several reasons why this was not considered the best approach :

(a) Such a CAD system would have taken time to develop, 
and System X design could not start in earnest until the 
facility was ready. This would have resulted in an unacceptably 
long timescale for the overall development.

(b) Computing power provided at a central site would pose 
problems of security.

(c) The management of such a major resource shared 
between four independen: companies, could be difficult.

(d) New common software would need to be agreed and 
implemented, much of it duplicating software already operated 
by each manufacturer.
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Another approach considered was to provide common 
programs on different computers. This solution has in fact 
been adopted for the provision of design verification facilities. 
For this approach to be attractive, the advantages of using a 
common tool—such as shared development costs and direct 
interchangeability of results—must be seen to outweigh the 
overheads and limitations inherent in maintaining a large 
software suite to a common specification on several computers.

The Solution Adopted
Each of the companies had some design facilities available at 
the beginning of the project, and these were required to 
enable design work to get underway as early as possible. The 
approach adopted, except in design verification, has been for 
the companies to have different programs and facilities to 
carry out each of the functions in the CAD process, and for 
these facilities to be enhanced as necessary, to bring them into 
line with the agreed CAD system requirements. This approach 
has meant the definition and adherence to fairly strict common 
standards for System X hardware design and documentation 
to ensure that hardware designed by one company can 
be produced by another. Companies must produce common 
documentation for use by the BPO and other companies. It 
has also meant the definition of interfaces between the 
companies, so that CAD information can be interchanged 
between companies, via the BPO, in computer-readable form.

DESIGN PROCESS
To see how computer aids have been used, it is necessary to

INTERCHANGE OF 
INFORMATION WITH 

BPO (AND THENCE TO 
OTHER MANUFACTURERS)

Fig. ^Simplified hardware design process 

have an understanding of the hardware design process. 
The process is shown in outline in Fig. 1. In order to achieve 
benefits from CAD, it is necessary to look beyond the design 
function itself; many of the savings come from producing 
manufacturing information by computer. Thus, in Fig. 1, the 
actual design and the checking of the design is all shown in the 
first box. This is an iterative process, with the engineer creating 
an initial design, which is then refined following verification by 
computer programs or by manual methods. When the design 
is satisfactory a permanent record needs to be kept, from 
which manufacturing information can be derived and docu­
mentation produced for manufacturing and maintenance. 
This permanent record is required by the BPO for mainten­
ance purposes, and by other companies for them to manufac­
ture the items. CAD facilities have been used in System X 
hardware development for the following functions:

(a) designing logic circuits and draughting of circuit 
diagrams,

(b) verification of designs,
(c) laying out PWBs,
(d) design of shelf wiring,
(e) production of design and maintenance documentation 

from the above processes,
(f) production of manufacturing information from the 

above processes, and
(g) production of standard files for the interchange of 

information between companies.

A more detailed design process showing these functions is 
given in Fig. 2. CAD facilities can be provided either using 
specifically-designed minicomputer systems (for example, an 
automated draughting system (ADS)) or by using application 
programs on a mainframe computer (for example, on the 
BPO IBM computer at Harmondsworth).

AUTOMATED DRAUGHTING SYSTEMS
An automated draughting system (ADS) is a set of equipment, 
controlled by a computer, which helps a Drawing Office to 
process drawings and the information on them. An ADS is 
particularly useful for modifying or updating drawings.

There are many types of ADS control consoles, known as 
workstations. Al! provide ways in which drawings, and associ-

INTERCHANGE OF FILES 
BETWEEN COMPANIES

Fig. 2—Fiardware design process
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Fig. 3—Automated draughting system

ated text, can be described to the draughting system; most also 
provide ways of feeding back such information to the user.

Outputs of the system can include drawings (produced via 
plotters or on microfilm) and control instructions for auto­
matic manufacturing aids (produced on paper or magnetic 
tape). Each output is produced by taking appropriate infor­
mation from the computer memory and reformatting it, using 
a program called a postprocessor, to suit the particular output 
device to be used.

Automated draughting systems may be dedicated mini­
computersystems, such as the commercially available CALMA 
and REDAC systems, or may be application programs on 
mainframe computers such as The General Electric Company’s 
(GEC) LINDA program. In both cases they operate in a 
similar fashion. A typical minicomputer system is shown in 
Fig. 3.

ADS Operation
Digitizer workstations are often used for data input. A rough 
copy of the diagram or PWB layout to be produced is placed 
on the drawing board of the digitizer and the lines of the 
drawing are traced with a cursor. The cursor is placed on each 
significant co-ordinate point on the diagram (for example, on 
ends or bends in interconnecting lines), a button is pressed on 
the cursor and the co-ordinates are stored. From the preced­
ing sequence of operations, the ADS may be able to interpret 
the digitized point: if not, its human partner can add 
information in a variety of ways; for example, by using the 
cursor to select a function from a list attached to the drawing 
board. Often there is a visual display unit (VDU) adjacent to 
the digitizer, on which the operator can see a picture of the 
diagram as it is built up from the digitizer information. This 
enables mistakes to be identified and rectified more readily by 
the operator.

To speed up the digitizing task, a symbol needs to be digi­
tized once only and stored in a library of symbols. Each time a 
symbol is required, it is called up by name from the library by 
means of the keyboard, and the co-ordinates of its reference 
point on the diagram are input using the cursor. When the 
diagram is drawn in full, the whole symbol will appear at the 
specified point, complete with any text associated with it. Some 
sophisticated processes are incorporated in the ADS such as 
the ability for the “intelligent” completion of an activity 
initiated by the operator. For instance, a connexion line, if 
quickly and approximately placed, will connect itself to the 
nearest interconnection point on a symbol. This, and other 
similar facililies, allow the operator to speed up digitization 
considerably.

Another type of workstation uses a VDU for modifying a 
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design once it has been stored on the ADS. The VDU can be 
used to input drawing information by using a location mark or 
cursor displayed on the screen and controlled by a light pen or 
by hand-held controls. A digitizer, however, is often a faster 
means of initial data capture if a rough diagram already exists.

Automated Draughting System Output
When a drawing is satisfactory, it can be stored by the ADS 
and used to produce hard-copy outputs for use in design and 
manufacture. A number of output facilities are available, 
either directly or via another medium such as magnetic or 
paper tape. The directly-connected facililies may include a 
terminal from which lists can be obtained, and a penplotter to 
obtain a high quality drawing. If the ADS is linked to or 
implemented on a mainframe computer, then al! the main­
frame computer output facilities available can be used.

The facilities which may be driven via magnetic or paper 
tape include;

(a) a pholoplotter, for producing a diagram on a stable 
photographic film media; for example, a PWB artwork 
master for production purposes,

(b) numerically-controlled drilling machines,
(c) automatic component insertion machines, and
(d) computer output on microfilm (COM) system, produc­

ing a diagram on microfilm without the intermediate step of 
producing it on paper.

Sometimes a quick plotter is associated directly with the 
ADS. This enables the drawing to be checked before commit­
ting it to a penplotter or a photopiotter, both relatively slow 
and expensive to run.

Use of ADSs for System X
Automated draughting systems perform a key role in the 
System X CAD systems, being used for both slide-in-unit 
(SIU) and PWB design functions shown in Fig. 2. Although 
the PWB is an integral part of a SIU, for System X it is 
considered separately as one of the components since it 
could be used in several different SI Us or in several variants of 
one SIU.

When an untried design of a SIU has been produced, the 
drawings are used as input to the ADS, which produces a logic 
circuit diagram and stores the design information. A post­
processing program can be run to produce a circuit description 
for input to the design verification package. When the engineer 
is satisfied with the performance of the design, PWB layout can 
commence.

The slide-in-unit interconnexion information is used to 
provide initial data for layout and tracking processes and, if 
necessary, this interconnexion information can later be 
checked automatically against the pattern of tracks produced 
during layout. Some ADS facilities are able to lay out and 
track a board automatically; on others, layout and tracking is 
done interactively by the ADS and its operator. After layout 
and tracking, postprocessors can be used to derive printed- 
wiring-board documentation and manufacturing information, 
such as:

(a) master artwork, produced on a photoplotter,
(b) conductive pattern diagrams (a paper drawing of the 

board tracking),
(<■) paper tape to control a drilling machine,
(d) a drilling drawing (as an alternative to (c)), and
(e) any other manufacturing instructions.

When the PWB design is complete the logic circuit diagram 
can be updated with component placement information and 
the ADS will, if programmed to do so, produce a layout 
diagram showing the position of all electrical components 
within the SIU. Other SIU design and manufacturing infor­
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mation can then be produced by the postprocessors, including 
the parts list and a paper tape to drive automatic component 
insertion machines.

On completion of the designs of the SIU and PWB the 
stored information is passed to a CAD database where a 
permanent record of the design is kept. From this database, 
CAD interchange files (described later) are produced to send 
to the BPO master library and to the other manufacturers.

Manufacturers’ ADS Facilities for System X
All the manufacturers hold their CAD databases on main­
frame computers and, wherever possible, produce documenta­
tion and manufacturing information on the mainframe 
computer using postprocessors. This avoids tying-up mini­
computer-draughting systems on tasks that can be handled 
more efficiently on a larger computer. However, if the main­
frame computer does not have a draughting program, it 
cannot interpret all the CAD database information and there 
is a need for the ADS to produce diagrams and artwork.

Both the Plessey Company and Standard Telephones and 
Cables have minicomputer-based ADSs interfacing with 
mainframe computers. The GEC has its ADS on its main­
frame computer; thus, all output information can be post­
processed directly from its CAD database.

BPO ADS Facilities
The BPO has no direct need for a large-volume design facility 
for System X SIUs and PWBs, as most of the System X 
development work is carried out by the manufacturers. How­
ever, there is a need for the BPO to have facilities to match 
those of the companies. The BPO needs to receive and produce 
documentation from the CAD interchange files, to provide 
back-up for the manufacturers’ facilities and to produce 
maintenance documents in forms other than those defined for 
System X development purposes. Documents may eventually 
be produced directly on microfilm using a BPO COM facility. 
A BPO CAD system is being developed using minicomputer­
based ADSs, for use not only on System X but for other 
development work.

DESIGN VERIFICATION
The design verification process, as the name suggests, verifies 
the correctness of a SIU design. A model of the SIU, or any 
other conveniently sized block of logic, is built in software by 
describing the electronic devices (for example, integrated 
circuits) used and the way in which they are interconnected. 
Once this software model has been correctly produced, 

sequences of logic signals are applied to it as data. Designated 
outputs of the model arc monitored, and information about 
their performance is stored. The designer can request some, or 
all, of this information to be supplied to him.

Because applications vary widely in their demands for 
precision, simulation can be done at different levels of detail. 
The simplest form of simulation establishes the logical 
behaviour of a circuit, completely ignoring timing details 
associated with the propagation of signals through com­
ponents. A more complex technique takes nominal pin-to-pin 
propagation delays and other timing data into account, 
allowing a check to be carried out equivalent to building one 
prototype of a circuit. Further sophistication in the simulator 
allows the full range of SIU performance variations, caused by 
component timing tolerances, to be demonstrated.

TEGAS (TEst Generation /Ind Simulation), the simulator 
used in System X CAD systems for design verification, was 
chosen after an extensive evaluation of similar tools. It was 
developed by Comprehensive Computing Systems and 
Services (CCSS) Inc, a company based in Austin, Texas, USA, 
and is used by many organizations in North America, Japan 
and Europe. TEGAS, like most similar products, is under 
continuous development, made necessary by changes in 
technology. Development is done locally within the BPO, as 
well as by CCSS Inc. Copies of the program are maintained on 
mainframe computers within each System X participating 
company. Fig. 4 illustrates the main features of the TEGAS 
system, as used for design verification.

The basic building block in TEGAS is an element which can 
range in complexity from an inverter to a programmable logic 
array. System designers, however, use packages selected out of 
an approved range of medium-scale and large-scale integrated 
circuits. Models of these devices are constructed from TEGAS 
elements and assembled in a System X device library. Pin 
configurations and the timing performance of these models are 
based on the device manufacturers' published information. 
The designer chooses the required device models and des­
cribes their interconnexion. Usually, the interconnexion data 
is generated automatically from a CAD database by the 
auxiliary programs in the integrated CAD systems. Test 
waveforms are then specified by the designer to check the 
logical functioning as well as the design integrity of the 
proposed circuit.

TEGAS has 3 principal modes of operation. Two are used 
for design verification and the other can be used to support 
fault finding on a SIU using automatic test equipment. The 
first verification mode performs a simulation which takes into 
account the nominal delays associated with each of the devices 
used in the SIU. Simulation results are examined to establish 

Fic. 4—Design verification process
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the correct functioning of the logic of the SIU, to detect any 
gross errors of timing. If these results are satisfactory, worst­
case timing analysis may be performed using the other design 
verification mode of TEGAS to investigate the effects of the 
worst combinations of maximum and minimum delays through 
the network. Such a timing analysis ensures that the circuit will 
operate satisfactorily when assembled using commercially 
available components, each having delay values which fall 
within a specified range. This mode of simulation does not 
work in terms of instantaneous logic state changes, but works 
instead in terms of intervals of time during which a change of 
state will occur.

If a design has been thoroughly proven using both TEGAS 
design-verification modes, a high degree of confidence can be 
placed in its logic, even before construction. At this stage, the 
test patterns and simulation results as well as the SIU design 
information may be stored on computer files for future 
consultation.

Current development work on TEGAS for design verifica­
tion is directed towards the simulation of larger, morecomplex 
circuits, so that more interfaces between different blocks of 
logic can be brought within one verification exercise. A range 
of very efficient device models for existing medium-scale and 
some large-scale integrated components is being developed as 
an alternative to the existing models of these devices. Models 
of programmable devices, implemented as elements within 
TEGAS, are also planned.

The use of TEGAS and other simulation tools for fault 
simulation and test generation will be covered in a future 
article in this Journal.

SHELF WIRING
The design of the shelf wiring takes place after the design of 
the SIUs and their PWBs. Signal names for each of the SIU 
pins can be obtained from the SIU information; however, for 
shelf wiring, this is not all the information required. Although 
a signal name may identify a signal uniquely within a SIU, if 
there are several SIUs of the same type, the same signal name 
will appear several times, perhaps connected to different 
places. Connexions within a shelf are therefore identified by a 
net name which uniquely identifies all the posts from different 
SIUs that are to be connected together on the shelf. It is 
difficult to derive these net names automatically, particularly 
where a shelf may have several different uses.

The SIUs are laid out manually in the shelf and the net 
names derived. The signal names and net names for each of the 
connector posts on the shelf are fed into the shelf-wiring 
program together with other information such as wire type. 
The shelf-wiring program designs the wiring between posts 
with the same net name using the most economical routes. 
This replaces what used to be a laborious and error prone 
manual task of routing thousands of connexions. The noise 
group, part of the input information, imposes restrictions on 
wire routing as it will specify the maximum length and the 
other wires which may be run in the same channel so that 
excessive noise is not picked up. Account must be taken in the 
program of these restrictions, and the physical restrictions 
imposed by such parameters as channel sizes. The more 
sophisticated programs take account of channels that arc full 
and reroute the wiring to remove the blockage. Reports are 
produced at the end of the program run which identify wires 
that cannot be routed by the program, and these are added 
manually. After any manual changes have been made the 
information is stored in the CAD database. From this 
information in the database, postprocessing programs can be 
run to produce documentation, manufacturing information 
and interchange files.

The shelf wiring postprocessors produce wiring lists, net 
lists, and pests lists, the latter two being subsets of the wiring­
list information for maintenance purposes. The postproces­

sors also provide the link to the manufacturing process. They 
produce parts lists and assembly information, and paper tapes 
to drive automatic or semi-automatic wiring machines. Where 
an automatic wiring machine is not available, wiring schedules 
for manual wiring are produced.

Each of the manufacturers has developed interim shelf­
wiring programs to run on their mainframe computers. 
Shelf wiring programs are not as complex as ADS programs, 
so there is scope for them to be fully developed by one of the 
manufacturers and to be used by al! companies. The BPO is 
not involved in shelf design so does not need a shelf-wiring 
program. However there is a need for the BPO to be able to 
receive the CAD interchange files and produce documentation 
from them.

CAD INTERCHANGE
The minimum requirement for the interchange of CAD infor­
mation is to allow manufacturing information to be transferred 
such that any suitably equipped company can manufacture 
any item. In addition, the interface files have been defined such 
that the relevant common documentation can also be produced 
from the files. The files also contain enough information for 
the receiving company to add the transferred design to its 
design database, and do additional design work on the item 
without going back to the originating company. This facility 
may be required if a company has an export contract which 
needs special facilities not provided by the original design.

CAD files are produced on the sending CAD system and 
sent to the BPO using the System X interchange mechanism. 
In the BPO, the file is stored on the master library, a secure 
library of all System X computer files, and copies of this 
master file are sent to all the companies automatically as part of 
normal updating procedure of the companies’ slave libraries. 
Thus, the CAD files are treated in the same way as any of the 
System X software and other files. Fig. 5 illustrates the pro­
cesses required for interchange.

The interchange of CAD information is carried out at three 
different levels in the design hierarchy: at the PWB level; at 
the SIU level; and at the wired-shelf level. The information has 
been partitioned such that the file at each level has all the 
information required to produce the item at that level.

The PWB Design Data File
This file contains all the information required to produce an 
etched PWB. It shows the position and sizes of lands and 
holes, text and track work on all the layers of the board, and 
defines the outline of the board. Drilling tapes, artwork and 
conductive-pattern diagrams can be produced from the 
information contained in the file.

The Logic Design Data File
This file describes the circuit design of a SIU and from this file 
can be derived basic component and interconnexion infor­
mation, circuit diagrams, layout diagrams, a port-to-pins 
list, an external interface list and other manufacturing and 
design information. In addition, the file contains enough 
information for a receiving company to reconstitute CAD files 
to enable design work to be continued on their own CAD 
system, if desired. The file can contain all the information on 
any SIU and its variants, where these have a common circuit 
diagram, and can cater for multi-board as well as single­
board SIUs.

The Shelf Wiring Data File
There are two types of shelf wiring files: one type contains 
the complete information for the current issues of the wired- 
shelf group (the base information); the other type contains 
information for producing documentation to modify existing 
versions of the wired-shelf group, (the modification -informa­
tion). The two types of file will be interchanged separately. The
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shelf-wiring base file will hold all the information to derive 
documents and manufacturing information to allow all 
current issues of a wired-shelf group and its variants to be 
assembled and wired. Wiring lists, net lists, post fists and parts 
lists can be produced from the base file.

The shelf-wiring modification file will hold the information 
to derive modification instructions.

CONCLUSION
CAD systems are being provided that achieve the aim of 

enabling any suitably equipped manufacturer to make any 
item in the System X family of designs. These CAD systems 
are integrated within each company and are integrated 
with the other companies by the use of common design 
standards, common documentation, and a rigid definition of 
the interface files. The approach adopted allows flexibility in 
the choice of particular CAD facilities and allows companies 
to adopt their own design philosophies and manufacturing 
processes within the constraints imposed by the design stan­
dards.
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System X Software Engineering
T. R. COOPER, b.sc., c.eng., m.i.e.e., and R. J. HELLEUR, m.sc., b.eng.?
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System X is a computer-controlled switching system. The computer software forming part of the switching 
system introduces a new class of technology to the UK telecommunications network. This article outlines the 
software engineering techniques employed in the development.

INTRODUCTION
The System X family of switching systems, local, main and 
tandem, are computer-controlled. The control of the switch­
ing, signalling, supervisory and auxiliary elements is vested 
largely (but not wholly) in a central computer: the small 
processor utility in the case of local exchanges, and the large 
processor utility in the case of main network and tandem 
exchanges. A proportion of the control is also vested in 
microprocessors external to the processor utilities. For simpli­
city, this article refers mainly to the processor utilities but, in 
general, the software principles described apply also to the 
microprocessors. The principles of System X have been more 
fully outlined in a previous article1.

The processor utilities are special-purpose computer 
systems, which employ similar principles to commercial 
computers, but which have a number of additional attributes 
to make them suitable for the exchange control application; 
that is, the ability to

(a) provide continuous service even in the presence of 
faults,

(b) operate in a normal exchange environment,
(c) be extended without interrupting service,
(d) operate from the exchange 50 V battery, and
(e) use an equipment practice compatible with the rest of 

the exchange system.
The software (or computer programs together with their 

associated data), which is the subject of this article, forms an 
important part of the computer control.

SOFTWARE
Definition of Software
The major components of a computer system are set out in 
Fig. 1. The two principal components are known as hardware 
and software, but the term liveware is often used in the com­
puter industry to refer to a third important component:

t System X Development Department, Telecommunications 
Headquarters 

the people who will program, operate, and maintain the 
system.

The computer hardware is a general-purpose digital 
machine capable of obeying the instructions given to it. In 
addition, it is capable of storing a whole sequence of in­
structions and the results arising from their execution, and of 
making reference to stored information relevant to the job 
in hand. The range of instructions that can be employed 
depends on the type of machine but, in general, it comprises 
a selection of elemental data-manipulation steps; for example, 
add, subtract, compare, etc. The hardware of the System X 
processors will be described in a later issue of this Journal.

The software in a computer system is the series of instruc­
tions given to the machine, together with any essential 
information necessary to carry out a particular job. The 
instructions are referred to as the program and the other 
information is known as data. Thus, the software comprises 
program and data. In a System X exchange there will be 
several hundred thousand instructions and a similar number 
of items of data.

This article deals with the engineering principles applied to 
the creation of the System X software and indicates that such 
software needs to be carefully engineered to ensure that it has 
the characteristics necessary for its particular application.

System X Software
System X software is divided into a number of classes (see 
Fig. 1), but similar software engineering principles are 
applicable to each class.

Operating System
The operating system (OS) is that software which converts 
the hardware into a system which is more convenient for other 
programs to use. The OS performs a variety of functions 
essential to the operation of all other software; for example, 

(a) the allocation of resources (such as processing time and 
storage) to the various programs on the system,

(b) the transfer of messages between the various programs, 
and

PERIPHERAL MAN-MACHINE CONNEXIONS PROGRAM DATA PROGRAM DATA PROGRAM DATA
DEVICES TERMINALS TO REST

Of EXCHANGE

Fio. 1—Major computer-system components
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(c) the handling of signals and information going to, or 
coming from, the rest of the exchange, including man­
machine terminals.

The OS also ensures that the processor utility continues to 
operate in an error-free manner, even in the presence of hard­
ware faults (by putting faulty units out of service), and pro­
vides a number of facilities used by the software engineer 
during program development and testing. The OS will be 
described in more detail in a later issue of this Journal.

Applications Software
In System X, the various exchange functions are divided 
between a number of subsystems. Some of these subsystems 
consist of software only; for example, the call-processing and 
management-statistics subsystems: others comprise both hard­
ware (external to the processor utility hardware) and software; 
for example, the digital-switching and message transmission 
subsystems.

The software associated with subsystems is known as 
applications software (AS). The AS runs on the processor 
hardware in the environment created by the operating system. 
The various subsystems will be described in more detail in 
articles to be published in later issues of this Journal.

Support Software
Many of the tools used in the development and management 
of software are themselves software. Some of this so-called 
support software (for example, the software development 
facility, described in a later article) runs on large commercial 
computers, and some runs on the System X processor utilities 
(for example, processor-utility hardware test programs). The 
term support software may also be taken to embrace the soft­
ware required to deal with the billing and traffic data produced 
by the System X exchanges. This aspect, however, is not 
considered further in this article.

Quality Criteria
Correctness
The software produced for a telephone switching application 
must clearly, first and foremost, work correctly. This is, 
however, only the first of a number of criteria that must be 
met in order for the software to be regarded as being of a 
sufficiently high standard. Correctness can be achieved only by 
careful design, meticulous implementation and extensive 
testing. Even so, it may be the case that a few design de­
ficiencies (known as bugs) lurk undetected for months or 
years after a piece of software has entered service. The pro­
cedures adopted aim to reduce this remnant bug-count to an 
insignificant level.

Other quality criteria are discussed below, and are given 
in order of importance.

High Reliability
. Software can be faulty in two ways: it may contain design 
deficiencies (that is, it has always been wrong), or the copy of 
the software being used is corrupted in some way (that is, a 
fault has occurred). Once discovered, the two types of fault 
require different treatments. The first must be dealt with by 
having a software engineer redesign the software to remove 
the deficiency, and the second type of fault is dealt with by 
throwing the old, corrupted copy away and using a fresh one. 
This latter action is usually taken automatically by the 
exchange system.

The reliability requirements for telephone exchanges arc 
particularly stringent, varying from tens to hundreds of years 
between complete failures, depending on the size of the 
exchanges. It is necessary therefore to design software to 
ensure that the effects of software faults are minimized. In 
general, this means carrying out checks to reduce the prob­
ability of the effects of incorrect data, resulting from a soft­
ware fault, propagating through the system. The techniques 

POEEJ, Vol. 72, Jan. 1980

employed are discussed in more detail later in this article.

Maintainability
Maintenance of software is the process of correcting design 
deficiencies (bugs). A particular piece of System X software 
may have a service life of up to 20 years or more and, hence, 
must remain maintainable throughout this period to ensure 
rapid and inexpensive removal of bugs. Since the engineers 
who designed the software will not necessarily be the ones 
who carry out the maintenance, high maintainability is 
essential; this is achieved by adequately documenting the 
product so that it is fully understandable to the maintenance 
engineer, and by structuring the design of the software to 
minimize the likelihood of a correction made in one place 
causing a fault in some other place.

Flexibility
Two types of flexibility are required. Firstly, the software 
product must have the ability to operate as a telephone 
exchange component in a wide variety of size and network 
environments. Secondly, the product must be capable of 
evolution and enhancement throughout its life in order to 
cope with new requirements or provide new facilities. It is 
desirable therefore to ensure that, as far as is possible, these 
changes do not necessitate a complete rewrite of the soft­
ware, but that they can be introduced with the minimum 
of disruption to the existing product.

Performance
An exchange system has a wide variety of performance targets 
to meet. Many of these (for example, the average time to 
receive dial tone, or throughput measured in terms of the 
maximum number of busy-hour call attempts which can be 
serviced) depend to a large extent on the runtime performance 
of the software. Therefore, it is necessary to ensure that the 
time taken to run the most frequently used parts of the soft­
ware is minimized. This has to be done, however, in a way 
that does not conflict with the other performance criteria. 
For example, care has to be taken not to use clever tricks that 
may shorten the run-time, but which make the software 
unmaintainable.

Cost
In order for the exchange system to be commercially competi­
tive, engineering of software products must involve the 
minimization of a number of costs as follows:

(a) Cost of development—a well-ordered well-controlled 
development process is essential.

(6) Cost of storage—the larger the program the greater the 
storage required within the processor system.

(c) Cost of running—the larger the program the higher the 
processing power required to meet a given traffic performance.

(d) Cost of maintenance—without careful engineering the 
cost of software maintenance can be high compared with the 
original development costs.

SOFTWARE ENGINEERING FOR SYSTEM X
Strategy
To achieve the stringent objectives discussed above, a very 
careful approach to System X software development has been 
adopted. The discipline of software engineering, which has 
been emerging within the computer industry since the mid- 
1960s, has been embraced. A large number of procedures, 
tools and techniques have been introduced in the last decade 
which have helped to move software development from the 
status of a “black art” to an engineering discipline2. Particular 
aspects of the discipline employed in System X are

(a) top-down design,
(b) modular structure,
(c) use of high-level language,
(d) bottom-up integration and testing,
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Fig. 2—System X software development strategy

(e) standards for design, programming, testing and docu­
mentation,

(/) quality assurance procedures,
(g) comprehensive software development facilities,
(A) modelling to support design and implementation, and
(i) management aids for planning coordination, moni­

toring and development.
Each of these aspects is dealt with in more detail below 

under the appropriate phase of the software life cycle. The 
cost of each phase varies from development to development 
but, as a general guide, the analysis and specification might 
cost up to 15% of the total, and maintenance up to 45% of 
the total. The System X software development strategy is 
illustrated in Fig. 2.

Much of what follows in this article is applicable to soft­
ware in general. However, it should be noted that System X 
software run on the processor utilities has an added compli­
cation compared to, say, the software that processes payrolls 
or telephone accounts in that it is real-time software; this 
means that the software must take account of the passage of 
time, and must recognize and respond to external events 
within given time constraints. This factor increases the 
importance of following rigid software engineering disciplines.

Requirements Analysis and Specification
In the System X development, the specification of the major 
elements of software and hardware has been a function of 
subsystem design and, below subsystem level, the design of 
one level results in the specification for the next level down. 
The importance of having properly prepared specifications 
has been fully recognized.

Design
Top-Down Design
The approach used in top-down design is to divide a complex 
problem into a set of smaller problems. This process is 
repeated until each resultant problem is of manageable pro­
portions and of a suitable size to be handled by a small team 
of engineers. Previous articles in this series have indicated 

how a complete System X exchange is divided into a set of 
subsystems. Each subsystem is then further divided into 
smaller units which, for subsystems implemented partially or 
entirely in software, are termed processes, modules and sub­
modules. The decomposition into these smaller units has to 
be carried out with the following criteria in mind:

(a) clear separation of functions;
(6) clearly defined ownership (control) of data; and
(c) simple interfaces between units, involving a small 

number of messages.
Thus, the top-down design hinges on the definition of a 

modular structure of units which isolate a set of data, and 
contain a cohesive set of functions which operate on that 
data. The interaction or coupling between these units is 
minimized, so that changes to one unit are unlikely to result 
in changes to other units.

This is a highly-skilled procedure that cannot be fully 
standardized. Iteration around the problem must be under­
taken to ensure that a reasonable balance between such 
factors as maintainability and performance is obtained.

Modular Structure
System X software is broken down into a hierarchy of units, 
as illustrated in Fig. 3.

The software of a subsystem is separated into a number of 
processes. These processes represent a large functional unit, 
such as the call-control functions within the call-processing 
subsystem. They also represent the scheduling unit in the 
software; that is, that program which is allowed to run on 
the processor utility at any one time. Thus, at the highest 
level in the software of both the AS and the OS, the logic is 
performed by a large number of functionally separate, 
asynchronous processes. Each process is made up of an 
integral number of modules; usually, modules are formed by 
identical functions and by the data which is operated on by 
the functions. In this way, the detail of the data in a module 
is effectively hidden from other modules and can be readily 
altered with minimal impact on the other parts of the 
program. .

Each module is composed of a number of submodules
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Fig. 3—System X software structure

which form the functions operating on the data within that 
module. These submodules are of such a size that they are 
easily definable, and can be readily implemented by one 
engineer. To give some appreciation of the size of the software 
units being discussed, the following are approximate values 
for each of the constituent units of the application software 
in a large exchange; a high-level language (HLL) program 
is used.

(a) subsystem
(b) process
(c) module
(d) sub-module

10 K HLL statements.
1-5 K HLL statements. 
50-500 HLL statements. 
10-50 HLL statements.

The main object of aiming for maximum cohesion of 
functions in units and minimum coupling between units is to 
simplify their interfaces. This includes both the explicit inter­
faces, made up of defined sequences of data flows, and the 
implied interfaces related to the internal operation of each of 
the interacting units. In practice, in System X, this results in 
the explicit interfaces being made up, in general, of messages 
of 120 bits in length. At the process level, these messages 
appear as tasks in the processor utility which are handed 
around the network of processes by the OS. At the module 
and submodule levels, the same message appears as a set of 
parameters of the procedure or macro.

As with the overall program, the data is structured to 
provide clarity and flexibility. Data structure design is a vital 
element in the design process, and has significant consequences 
on maintainability, storage requirements and run-times. It is 
obvious that, where exchanges can be equipped with, say, 
50000 circuits, then the way that circuit data is represented 
and packed in storage is extremely important. Dense packing 
saves storage, but is costly in run-time because processing 
the data is more complex, and changing software facilities 
becomes more difficult. This type of design trade-off must be 
exercised for each set of data individually, based for example 
on its size, frequency of use, and potential for change. The 
sharing of complex sets of data between processes or modules 
has been greatly restricted in order to increase significantly 
the reliability and maintainability.

Implementation
After a design has been obtained, the next step is to implement 
the logic. This is achieved by putting together a sequence, or 
program, of computer instructions, as opposed to wiring 

logical elements together as in the case of hardware. Such a 
program can be formed in various ways, just as gates can be 
linked in many configurations, and different languages can be 
used to express the instructions. These languages extend from 
the basic form understood by the computer hardware, known 
as the machine code, to more sophisticated HLLs, which are 
somewhat equivalent to the use of integrated circuits in 
hardware.

Languages
Primarily to pursue the goal of clarity, bringing with it 
improved reliability and development and maintenance 
timescales, a decision was taken very early in the System X 
project to use a problem-orientated HLL for the majority of 
System X software implementation. A problem-oriented 
HLL is a computer language that has sufficient textual English 
content to enable it to be readily understood by programmers 
and which additionally has facilities which make it suitable for 
the problem being tackled. Software written in HLL has to be 
translated into machine code, for execution by the computer, 
using a support program called a compiler. The language 
chosen as the basis for this work was CORAL 66 which, in 
the early 1970s, was adopted as a Ministry of Defence 
standard. This was modified, in line with work carried out by 
the University of Essex and the BPO Research Department to 
produce the POCORAL language.

The main alternative to HLL is assembly language (AL), 
which is little more than machine coding in a clothing of 
mnemonics. Using this type of language, the programmer has 
to be intimately aware of the operation of the computer and 
has little intrinsic assistance from the language in terms of 
producing good quality software for the job in hand.

A simplified example is shown in Fig. 4, which illustrates 
some of the basic clarity of HLL. This shows a submodule, 
implemented as a procedure, which deals with the abbreviated- 
dialling facility. If two “star” digits are received from a caller's 
telephone then this facility is required and the program checks 
if this is allowed—an element related to the subscriber’s 
number in a set of data is accessed and its value equated to the 
not allowed value. If the subscriber is not allowed to use the 
facility then, by accessing another procedure (not shown in 
detail in Fig. 4), he is connected to a fail tone. Provided the 
facility can be used, the called number is obtained by accessing 
another set of data (directory) with the third digit input. The 
routing digits are then obtained by using another procedure 
(translate) to manipulate the called number and, finally, the 
routing is used by a further procedure to make the required 
connexion.

‘PROCEDURE’ ABBREVD1ALLING;
‘BEGIN’

TF’ DIGITI = STAR ‘AND’ DIGIT2 = STAR
‘THEN’
‘BEGIN'

‘IF’ SERVICEMARK (SUBSCRIBER) =
NOT ALLOWED
‘THEN’

CONNECTFAILTONE
‘ELSE’
‘BEGIN’

CALLEDNUMBER: = DIRECTORY (DIGIT3);
ROUTING: = TRANSLATE (CALLEDNUMBER);
SWITCHCALL (ROUTING)

‘END’
END’

‘ELSE’
OTHERFACILITIES

‘END' ABBREVDIALLING;

Fig. 4—Example of POCORAL language
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The main technical features of POCORAL are as follows:

(a) Block Structure—each separate logical piece of program, 
represented by a group of statements (high-level instructions), 
is bracketed by begin and end instructions. This provides a 
good clear layout and improved protection on the use of the 
data elements and labels within the various blocks; this 
arrangement is called scoping.

(b) Data Flexibility—telephony processing is concerned with 
handling small pieces of data very frequently and efficiently. 
The POCORAL language provides features for structuring 
data well and for accessing this data economically; data 
packing and bit-manipulation features are available.

(c) Logic and arithmetic operations are provided.
(d) Procedures and Macros—facilities are provided for 

producing submodules with defined interfaces. Both types 
provide a simple function acting on a set of parameters 
which are handed over when the submodule is used; called 
number is a parameter given to the procedure translate in 
the example given in Fig. 4.

(e) Security—sets of data can be identified by a reference 
pointer, which checks the types of data being accessed. This 
ensures that all use of data is clearly defined and that bugs 
relating to data access can be detected.

(f) Communicators—to support modular programs, a 
method of defining interactions between the parts must be 
available. A set of communicators has been provided to 
enable messages to be passed and for the synchronization 
of processes to be achieved. .

The International Telegraph and Telephone Consultative 
Committee (CCITT) is currently investigating the use of a 
standard high-level language for stored-program control (SPC) 
called CHILL (CCITT High Level Language). This language 
has been defined, and its implementation problems are now 
being investigated by a number of teams in the world with a 
view to obtaining final agreement in 198L The key features of 
CHILL are similar to those of POCORAL with the added 
advantage of being an internationally-agreed standard; it is 
proposed to adopt CHILL for System X in due course.

With assembly language, an understanding of the instruction 
set and the working storage (registers) of the computer’s 
central processing unit is necessary. Good programming can 
be done with AL, but considerably more expertise and 
discipline is required if a product is to be obtained that is 
both reliable and maintainable. A very brief example for 
comparison with the POCORAL example is shown in Fig. 5.

INSERT: LDB3 (B2, LKHDP);
RCPY (G7, B3);
LDB3 (B3, 0); 
JZ (END);

LOR (GO, 15);

LCPY (Gl, n);

LDAC(B1, n);

ILIX (xy);
SCLNP (AC);

END: ST (B3, BI,0);

RCPY (B3, G7);
ST (Bl, B3, 0);

(First cell in list)
(optional test for empty 

list to save SCL setup)
(set mask in GO to 

FFFF)
(Displacement of 

priority word in cell)
(Prori ty word of new 

cell)
(Number of cells in list)
(Stops when priority 

position, or end, 
reached)

(Link remainder of list 
on to new cell)

(Previous cell address)
(Link new cell on to 

previous cell)
Note. This piece of assembly program inserts an element in a list in its correct 
priority position

Fig. 5—Example of assembler program

The level of self documentation and clarity of logic of the two 
should be noted; the fact that the HLL allows the problem to 
be expressed in a more understandable fashion is a significant 
advantage.

Defensive Programming
There are many techniques for implementing code and data 
which minimize the potential for leaving design errors and 
which make the software more robust in terms of being able to 
continue functioning in the face of corruption due to hardware 
problems. These techniques are broadly called defensive 
programming. In simple terms, the approach is to assume that 
anything can and will go wrong, and to implement against 
Ihese worst-case circumstances. The following are some of 
the techniques used in System X:

(a) all incoming messages to a process are checked for 
validity before being processed;

(b) all interactions between asynchronous units, whether 
software only, or software and hardware, are covered by 
timeouts, which produce a software alarm if the response is 
not received within the specified guard period;

(c) data structures, accessing and recovery routines are 
organized in such a way that failures will not cause the loss or 
corruption of important data;

(d) structured programming, using the following classical 
elements:

(i) sequence—component A is a sequence of compo­
nents B, C, D in that order;

(ii) iteration—component K is made up of a number of 
identical components which are cycled through in order;

(Hi) selection—component W is a selection of any one of 
components X, Y or Z; and

(e) the use of block structured high level language provides 
clarity and scope checking.

Testing
It is important that testing, particularly of software, should be 
carried out in a systematic and carefully controlled manner. 
In System X, the approach again hinges on the modular 
structure, with testing and integration being carried out in 
what is termed a bottom-up fashion. In simple terms, this 
means that the smallest units, submodules, are first tested 
individually, and then integrated into larger units in simple 
steps; a set of tests must be specified and carried out success­
fully at each step before proceeding to the next. Thus, 
submodules are integrated into modules; modules into 
processes; processes into subsystems; and finally subsystems 
into the complete system. Since implementation starts with the 
submodules, this approach enables testing to begin at the 
earliest possible time. Like all methods, it relies on well 
documented test schedules, which are as important to the 
development of a good product as are the design and imple­
mentation documents.

With modules and submodules, the approach is to test 
every path through the program and to ensure that fault 
conditions are dealt with adequately. At process and higher 
levels, because the amount of logic involved is large, and the 
interactions are asynchronous, testing becomes non-deter- 
ministic—it is impossible to test every possible case. Thus, 
sensible samples of the total set of test cases are chosen, based 
on exercising all standard functions and ail functions involved 
in recovery from faults. At this stage, a balance has to be 
carefully drawn between the level of confidence required and 
the length of time available for testing.

Software Development Management
Having discussed the outline of the technical approach, it is 
worth briefly considering the management aspects that support 
and control the development, in general terms, a common 
management approach has been adopted throughout System 
X, for both hardware and software.
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Standards
Ail key elements of System X software development are 
embodied in a minimum set of contractual standards; these 
are

(a) structural design,
(b) programming (coding) practice,
(c) testing,
(d) documentation of all stages of development,
(e) planning, and
(f) quality assurance.

Documentation
It is fundamental to the production of a good software product 
that it is supported by clear, comprehensive documentation. 
The System X documentation scheme will be discussed in 
more detail in a later issue of this Journal; suffice to record 
here that both hardware and software are covered by the same 
hierarchical scheme, which enables all significant aspects to be 
recorded, including test results and exchange-dependent 
features.

Planning and Progress Monitoring
Within the general scheme, the plans are firmly linked with the 
production of documentation at each stage. Progress monitor­
ing is then achieved relatively accurately by carefully reviewing 
the documents produced during one activity before allowing 
the next activity to proceed. Thus, there is a clear linkage 
through the documentation and plans to the quality assurance 
procedures. Specific guidance on estimating software develop­
ment times has been produced and is being refined in the light 
of experience to enable the amount of work, and thus the 
duration of the activities, to be calculated in a consistent 
manner.

Quality Assurance
Quality assurance of software takes the form of various types 
of review of the documentation appropriate at each stage of 
development, including test specifications and results. For 
instance, on completion of the design of a process, the sub­
system designer will ensure that the design explained in the 
design-description documents for that process meets its 
specification and that it provides specifications for the 
constituent modules that can be understood easily. All 
problems identified are recorded and are dealt with before the 
module designs are started. Similarly, checking of the program 
implementation documents (source code) is carried out by an 
experienced programmer in the team in co-operation with the 
implementor.

Development Facilities
A number of tools and support computers have been provided 
to assist with the software development. These will be discussed 
in a later article, but it is worthwhile here to consider briefly 
the need for such facilities.

It has been noted that the HLL statements have to be 
translated into computer instructions, groups of these instruc­
tions have to be linked together to form the complete program 
to run an exchange, and that the whole has to be loaded onto 
the processor utility so that the instructions can be executed. 
This gives rise to the need for a compiler (to do the translation), 
a linker and a loader. A range of tools is also provided to 
enable testing to be carried out effectively; de-bug packages are 
available to allow modules and submodules to be tested, 
instruction by instruction. A software message generator is 
able to generate and check messages going to and from a 
process under test.

To enable the developments to proceed without the need for 
a very large number of the exchange-control processors, off­
line computers (for example, an ICL 2960) have been made 
available with emulators, which make the ICL machine 
appear to operate like the processor utility. The final major 

facility is the software master library. This allows copies of 
program source code, together with their development 
status, to be stored on an off-line computer. Thus, programs 
still under development can be worked upon by their develop­
ment teams separated by the library control mechanisms from 
fully accepted software that is being used to build suites of 
exchange software.

Processor Utilities
The exchange processor utilities are mentioned here with the 
emphasis on the viewpoint of the program writer—the overall 
picture of their architecture and features will be discussed in a 
subsequent article. The large processor utility (LPU) is used as 
the example.

(a) The LPU encourages the separation of software into 
processes. Il allows multi-processing to occur; that is,a number 
of processes can be executed in parallel, which requires that 
the programmers must be aware of the opportunities provided 
by parallel processing, and associated problems of synchroni­
zation and clash resolution for common resources.

(b) A facility for making the software aware of external 
events is provided through the interrupt mechanism and 
peripheral controllers.

(c) There are a number of storage media within the struc­
ture of the processor utility; this storage hierarchy is hidden 
from the programmer by a virtual memory scheme. This 
operating-system (OS) facility moves the program from one 
storage medium to another without the programmer having 
to produce special control programs to achieve this.

(d) The OS passes messages between processes in the form 
of tasks.

(e) The LPU provides a rollback facility, which refreshes a 
corrupted piece of the program by replacing it with a copy 
from a secured disc backing-store.

The small processor utility (SPU) presents a very similar set 
of facilities to the programmer. The main differences involve 
the handling of thestorage hierarchy and recovery from faults. 
These differences arise because of the reduced size and the 
worker-standby configuration.

Performance Assessment
Some of the engineering approaches discussed above, particu­
larly the use of (ILL, can have an adverse affect on perform­
ance. A careful Irade-off must be exercised and, therefore, at 
significant points during the development, the performance of 
the software is monitored. This performance includes its 
ability to meet response-time requirements (for example, time 
to receive dial tone) and the number of busy-hour call attempts 
that can be handled.

During the design stages, performance is predicted by the 
use of modelling techniques. A number of models are being 
used for System X, the major one being a simulator, built by 
the BPO Teletraffic Division. This, as its name implies, 
simulates the processor with its OS and AS. Data is fed into 
the model to represent call flows through the software, and the 
model predicts throughput and response times. Obviously, the 
results are only as accurate as the quality of the input data; 
therefore, at the design stage this can be used only as a broad 
indicator for design decision making. Once the real software is 
available, not only can accurate information be fed into the 
simulator, but also the programs can be run and timed in a 
realistic environment. Testing is carried out using traffic 
generators and liming tools on both the system feasibility 
models and the System X test bed to provide firm performance 
information. These results, whether from modelling or testing, 
are fed back into the development to allow subsequent develop­
ments to be improved. This normally requires a careful trade­
off between possible improvements toany number of the areas: 
processor utility hardware, OS, AS, and compiler.
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Building and Maintaining Software
Having completed the development, accepted the software, and 
approved the exchange, it is necessary to cope with the in­
service period of the life cycle. It should be recognized that 
several thousand exchanges have to be produced, each with its 
unique set of network requirements, subscribers, facilities, etc. 
It is necessary to produce a suite of programs for each ex­
change, complete with all the data relevant to that exchange. 
It must then be possible to introduce improved, maintained, 
programs (ones which have had bugs removed or contain new 
facilities) onto a working exchange.

Building Software
It is intended that a small number of standard program suites 
will be produced. In each standard suite, the same functions 
will be provided and the same ultimate equipment sizes will be 
available. These suites are assembled from the appropriate 
software units in the software master library, as defined by that 
standard suite’s software parts list.

The majority of data in the software is specific to a particu­
lar exchange, its position in the network and its connexions 
and facilities. The data structures can be complex and large in 
number, but mechanisms are provided to load the specific data 
into these structures in a simple well-defined manner. These 
shield the operator from the inner complexity, and reduce the 
task from an error-prone assembly of fragmented binary 
information to a relatively simple set of sequential, repetitive 
instructions in an understandable form.

The basic outline of the software building system is illus­
trated in Fig. 6.

Release and Maintenance
Once software is accepted and is resident in the software

I--------------------------------------------- 1

Fig. 6—Software-building system

Fig. 7—Software release and maintenance

master library, it is made available for release to the field. 
Standard suites of software are generated for exchanges, 
against orders from operational departments. Before copies are 
used on field exchanges, each standard suite is tested on a 
captive installation (the test, bed) with live traffic tests.

Any bugs which are detected during in-service operation, or 
during testing at the captive installation, are reported through 
fault-escalation procedures to a configuration-control 
function, which is responsible for controlling the status of all 
software and hardware. The bug is eliminated by a central 
maintenance team, and the software is retested thoroughly 
before it is registered in the software master library. Release of 
the amended software to appropriate exchanges then follows 
the earlier procedure, under the control of the operational 
department; the approach is illustrated in Fig. 7.

CONCLUSION
The software for the System X family of exchanges has to 
meet very exacting requirements. To meet these requirements, 
rigid software engineering disciplines, as outlined in this 
article, have been applied to the development. The results to 
date indicate that this approach is successful, in that software 
products of sufficiently high quality for use in both home and 
overseas networks are being produced by the UK tele­
communications industry.
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DC Power Supplies to Telecommunications 
Equipment: Distribution, Earthing and Protection 
against Induced Transient Voltages
Part 2—A New Method
P. C. WILSONf

UDC 621.311.6: 621.3.024: 621.39

The second part of this article describes the philosophy, development and realization of the radial-cable, 
single-earthing system, which is to be used for distribution of power in all System X exchanges.

INTRODUCTION
An electronic system using the earthed pole of a conventional 
power-distribution system as a reference and signal return path 
cannot tolerate differences of potential approaching the volt­
ages used for signalling along that path. For System X, the 
limit is 3 V. Higher potentials are liable to cause equipment 
misoperation and even damage. Moreover, electronic equip­
ment is vulnerable to misoperation due to depression of 
supply voltage, and damage from transient overvoltages 
appearing across the power supply coincident with distribu­
tion faults.

The original intention for System X was to use a conven­
tional bar distribution and an electrically separate electronic 
earthing system, similar to that used for TXE4 and TXE4A, 
described in Part 1. However, the fault liability of such a 
system, adapted to TEP-I(H) hardware, was considered to be 
unacceptable because of the high probability of the bare 
metal shelf backplanes coming into contact with rack frames 
and power circuits. It was therefore decided to investigate the 
already known principle of using a radially cabled power 
distribution from a single distribution common point (DCP), 
associated with a single earthing system of defined quality.

In such a system, the fault liability arising from contact 
between different earthed members is eliminated because all 
parts of nominal earth potential, except the earthing conduc­
tors associated with mains distribution, are bonded together 
into a single massive system; by design, this can carry the 
largest likely fault current without undue voltage disturbance. 
Fault currents are inherently limited by the small-sized 
conductors and fast-acting fuses used. This contrasts with the 
high fault currents that can be drawn from an unfused bar 
system of relatively large cross-sectional area. Transient 
voltages across poles of a radial cable system arc limited by the 
heavy damping effect of the many healthy loads remaining 
across the supply when a fault occurs on a particular circuit,

OUTLINE OF SYSTEM
Fig. 1 shows a simple radial-cablc, single-earthing system. The 
essential features are:

(a) The conductors from the power plant to the DCP are 
unfused and have good mechanical protection, so that the 
supply, at this point, is secure and substantially free from 
disturbances.

(b) A large proportion of the total supply impedance is 
between the DCP and equipment racks, with the result that, 
if a fault occurs to rupture the DCP fuse of one circuit, other 
healthy circuits suffer only a small, tolerable disturbance.

f Operational Programming Department (Power Division), 
Telecommunications Headquarters

Fig. 1—Mechanical arrangement of radial-cable, single-earthing distribution system
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Fig. 2—Electrical arrangement of radial-cable, single-earth distribu­
tion system

(c) Under normal working conditions, the supply is taken 
to each shelf fuse-mounting, and returns to the DCP via the 
return conductor of its own twin cable. The bonding network 
ensures potential equilibrium between all earthed points, and 
acts as a return path and voltage reference for all electronic 
circuits. (It does, however, carry some out-of-balance current 
due to differing voltage drop in the various cables.)

(d) In the event of a fault, the fault current has only a single 
supply path, but has a multiple return path of low impedance, 
over the return conductors of many other cables, accessed via 
rack frames and the bonding network. Consequently, potential 
disturbance is effectively confined to the single supply pole.

THE PRINCIPLE
The essential philosophy of the single earthing system in 
limiting carthed-polc disturbances is illustrated in Fig. 2. 
Assuming that the source impedance of the —50 V supply is 
very low, and that a short circuit occurs at any point X, the 
fault current passes via its fuse and the single path A-X to the 
fault at X, then back to the DCP via the multiple return path 
X B. Theoretically, provided that the impedence of the return 
path does not exceed 6% of that of the supply path, the 
highest potential possible between X and B is 6% of 50 V; that 
is, 3 V. In practice, an impedance ratio of better than 6% is 
needed to cope with transient voltages.

The amplitude of voltage transients generated in a conduc­
tor when a fault current in that conductor is interrupted 
depends on the inductance and dissipation of the conductor 
paths, and the rate of change of current. Any transient 
generated in the multiple conductor path between the DCP 
earthed bar and the earthed network can be impressed across 
the network because, if the latter is large, some parts of it 
will remain at or near DCP potential. Hence:

(a) the inductance of both the multiple return path and the 
network (through which it is accessed) must be kept as low as 
possible;

(6) the rate of change of fault current must be controlled;
(c) the network and return paths should themselves be 

capable of dissipating most of the energy contained in the 
transient.

The return path comprises many conductors of differing 
length, in parallel, via the bonding network. The inductance 
of such a path is inherently very low. Since the path is loaded 
electrically at the DCP end by the earthed main distribution, 
and by the mass of rack-frames and ironwork at the other, a 
network is created that will dissipate most of the energy in the 
transient. Control over the rate of change of current is 
exercised by the design of fuse used; this is explained later.

PRACTICAL DEVELOPMENT
Preliminary studies of this philosophy produced an outline 

design of a practical system. This was first tested on a small­
scale model in various forms; then a full-size model of a large 
exchange of 130 racks, built at the British Post Office (BPO) 
Research Centre at Martlesham Heath, enabled the paper 
design to be developed into a practical reality.

The model was constructed to the following provisional set 
of standards and ihcse remain substantially unchanged:

(a) The overall voltage drop from battery to equipment 
input would be up to 2 V.

(h) The radial cables would be standardized, using 10 mm2 
twin PVC-insulated copper cable, and the minimum number of 
cables would be provided per rack, depending on loading and 
security requirements.

(c) Each cable would be limited to a maximum current of 
15 A and a maximum drop of 1 V. On this basis, the maximum 
cable length could range from 17 m at 15 A to 65 m at 4 A.

(d) The fuse would be standardized with a 16 A or 20 A 
rating and specified characteristics.

(e) The bonding network conductors would be standard­
ized, using 10 mm2 single-core copper cable.

(f) There would be no major design changes to the 
TEP-l(H) hardware system.

At this stage, the design work was based on assumed floor 
layout standards, since these had not been settled. However, 
the main principle of operation embodies a ratio of impe­
dances, rather than discrete impedance values. The system is 
therefore, to a considerable degree, independent of the layout 
standards adopted.

The model represented a large exchange, but was divisible 
into smaller units to test the validity of the devlopment in all 
sizes of exchange. While intended to develop the radial-cable, 
single-earthing system, the model included facilities to simulate 
the originally-intended bus-bar system with separate elec­
tronic earthing, for comparison purposes.

Overhead and rack ironwork was minimal to ensure 
worst-case conditions, but facilities were included to vary the 
extent of the electrical loading of the earthed network by the 
ironwork. By this means, the effects of more typical ironwork 
and rack structures were assessed by extrapolation.

The worst fault that can occur within a radial cabled system 
is one that ruptures a DCP fuse. Such faults, and minor 
wiring faults which ruptured standard 5 A alarm-type fuses, 
were applied at various points on the system by a remotely- 
controlled contactor. A signal from this was used to trigger 
storage oscilloscopes connected between various points in the 
system to monitor the transient voltage disturbances that 
were produced as faults were applied. In some tests, fault 
currents were also monitored. Photographic records of all 
displays enabled easy comparison of earlier and later results, 
and enabled weaknesses ofthe system to be designed out as they 
were identified. As the library of information was built up, 
the planning rules and practical features of the system were 
developed.

The tests on a series of representative unit sizes showed that 
the fully developed model was quite capable of containing 
earthed network potential disturbances to within the System 
X limit of 3 V between any 2 backplanes in a floor area. Tests 
on aTEP-l(H) rack confirmed that, with suitable bonding, the 
additional system limit of not more than 0-4 V between any 
2 backplanes of a 2 or 3 shelf group could be met.

Voltage disturbance to other healthy loads in the same area 
was also easily contained; at worst, the supply voltage fell to 
— 15 V for 1 ms, followed by a very short transient reaching 
—70 V. The equipment can tolerate a fall to zero volts for up 
to 4 ms, and a transient of up to —100 V. The highest fault 
current recorded was nearly 1000 A; generally, the current 
was around 700 A. Fig. 3 shows some typical test results.

Tests on the model adapted to bar distribution with separa­
ted electronic earthing showed a marked contrast. Fault 
currents of well over 5000 A were shown to be possible if a live 
bar was earthed. Provided that electrical separation between
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Notes: 1 The DCP was adversely located to create worst-case conditions
2 The percentage safely margins shown in the sketch were observed when 

faults occurred in those areas; for example, a 33% safety margin indicates that 
the highest transient voltage was 2 V, against a limit of 3 V.

Fig. 3—Earthed network performance on full-size model

all structural metalwork (racks etc.) and the electronic earth 
network was maintained, only induced disturbances were 
observed in the latter. Even so, these sometimes exceeded the 
3 V limit with severe faults. However, when the 2 earthing 
systems were placed in fault contact (for example, a backplane 
to a rack frame), some severe disturbances exceeding 5 V were 
recorded. Finally, it was shown that, with small wiring faults, 
whereby a 50 V supply fused at 5 A contacted a backplane, 
disturbances of over 10 V could occur. Thus, the predictions 
of a high fault liability if a separate electronic earthing system 
had been used for System X were confirmed.

Both systems proved susceptible to disturbance when small 
AC mains fuses were ruptured by contact of a mains lead to 
rack frames. Whilst there were some indications that these 
would be brought within the 3 V limit by the full rack frame 
and overhead structure in a practical situation, the need for 
special precautions was confirmed.

MECHANICAL DESIGN FEATURES OF THE 
SYSTEM
Distribution Common Point
The DCP is being developed as a system of fuse shelves, built 
into a standard TEP-l(H) rack frame. Each shelf will hold 
either 48 or 90 fuses in fully enclosed carriers, according to 
type, and will have a drilled earthed distribution bar at the 
rear, on which the return conductors of the radial cable system 
terminate. An alarm facility will indicate failure of any one or 
more fuses to a centralized automatic fault-reporting system.

The 50 V supply to the DCP will use conventional practice, 
in either bar or cable, according to size of the installation. In 
larger exchanges, the DCP will be on the periphery of the 
equipment area and may occupy more than one rack. Power 
will be fed to each fuse-shelf in cable, or in bar via a pair of 
standard cable links, each shelf forming a nominal 300 A 
load section. In small exchanges, the DCP will usually be 
remote from the equipment, preferably in the power area.

Fuses
Fuses will be in standard cartridge form to allow use of 
commerciaily-available fuse carriers and bases, but of a form 
not used by the BPO in mains circuits, to avoid mis-use. The 
rating will be 20 A, but the design of fuse is subject to certain 
critical limits; it must withstand insertion into a circuit 
containing up to 12 000 /rF of discharged capacitance, yet

600 V AC

must dear 
depression.

Fig. 4—Typical fuse elements

a fault in less than the 4 ms limit for voltage

These 2 requirements can be met by proprietary fuses, but 
System X usage also requires a slow interruption character­
istic not found in such fuses. This is because the proprietary 
fuses are intended to interrupt AC mains circuits at up to 
600 V and have internal elements designed to break into a 
number of series-connected areas, which is essential for use at 
this voltage. Unfortunately, the same element used in a 50 V 
DC circuit produces a virtually instantaneous interruption of 
fault current, generating high transient voltages in the 
conductors.

A specialized design of element is therefore needed to 
satisfy the fuse specifications. This should form a single arc, 
which increases in physical length as the ends of the element 
melt, thereby reducing the current. When the arc becomes too 
long to be sustained by the available voltage across the fuse, 
extinction occurs. The 2 types of element discussed are 
illustrated in Fig. 4.

Cable
Cable used on the earliest installations will be a commercial 
twin PVC-insulated and sheathed type of 10 mm2 core area. 
Development of a special cable for subsequent installations is 
in hand. This cable will have similar sized conductors, but of 
flexible make-up, with an extruded sheath of figure-of-eight 
section in an abrasion-resistant PVC material. This will 
occupy considerably less space and be much easier to install 
than the semi-rigid earlier type of cable. Cross linking treat­
ment of the PVC insulation will reduce the likelihood of 
distribution faults due to cable insulation damage.

For both power-distribution and bonding purposes, all 
connexions must have a high order of reliability, and so 
crimped terminations have been specified for ail connexions. 
These are more reliable and consistent in performance than 
soldered lugs, which depend substantially upon the skill of the 
craftsmen employed.

Relatively little stray magnetic field surrounds a twin cable, 
compared with that surrounding a pair of single cables. This 
allows relaxation of Ihe usual 200 mm separation rule between 
power and equipment cables, enabling the same trays to 
accomodate both.

Bond Network
Bond network conductors will be in bare copper. Tests on the 
model, which used insulated bond conductors, showed that 
the bond network, comprising a network of identical inductive 
loops, was itself responsible for generating small transients.

Such inductive loops will be broken up into very small, 
random, heavily-damped components by the high degree of 
incidental contact of bare conductors with the overhead 
structure. To assist in securing good contact with the bond 
network, and between the various members, a passivated 
zinc-plated finish has been chosen for rack frames and the 
overhead structure.
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Mains Supplies
Mains supplies can deliver fault currents which, while of very 
short duration, can reach very high levels. Both single- and 
dual-earthing systems can suffer earth-plane disturbance from 
mains faults, so the best possible precautions must be taken 
against them. All mains wiring and points will be in insulated 
conduit and enclosures, while lighting equipment will be in­
sulated from the overhead structure. In both cases, separate 
earth-continuity conductors will be provided, connected to 
the mains switchboard and fully insulated from rack frames.

The above precautions are already standard for TXE4 and 
TXE4A exchanges; in System X areas, all portable tools and 
equipment, and rack-mounted mains equipment, will either 
be of double-insulated construction, or supplied via isolating 
transformers.

ECONOMICS OF THE SYSTEM
The radial-cable single-earthing system was developed 
primarily to meet the needs of the equipment. Nevertheless, it 
offers several important economic advantages, which help to 
offset the high cost of copper conductors and the use of a 
higher overall voltage drop than the normal economic ideaj of 
1 V.

The most important savings accrue from the deferment of 
capital provision against growth; no distribution of this type 
need al any lime be larger than is actually required, since fuse 
shelves and cables can readily be added, with negligible risk to 

the safety of personnel or to service. This is in sharp contrast 
with an equivalent bar system, which must be fully provided 
initially because the risks of extending live unfused bars 
cannot be tolerated.

The only skills required to install the power cables are 
likely to be already on hand for equipment cabling, whereas 
installation and joint testing of bars requires specialized skills. 
Minimal planning effort is needed for the cable system, piece­
parts ordering and stocking becomes a simple matter, involv­
ing only cable and crimp terminations, and detailed draught­
ing work is almost eliminated because the cable trays are a 
standard part of the overhead structure.

THE FUTURE
Although there arc limitations to the range of possible 
problems that can be identified, even with a sophisticated 
model, a great deal of information has been built up during 
the course of this development. A considerable number of 
fault configurations were investigated and ihe corresponding 
transients recorded. These records have provided the evidence 
to prove that an efficient design of radical cable distribution 
and a single earthing matrix will meet the known stringent 
requirements of modern switching systems.

it is expected that the Radial-Cable Single-Earthing system 
now adopted for System X will become standard practice not 
only for all new equipment systems, but for the extension of 
existing ones.

i

Post Office Press Notice
CONFRAVISION BY SATELLITE

More telecommunications history was made by Britain 
recently with the setting up of Europe’s first two-way colour 
Confravision link by satellite.

Confravision is a high-quality conference-by-television 
system enabling people, hundreds or thousands of kilometres 
apart, to see and talk to each other over special inter-city 
closed-circuit television links.

Invented in Britain, the system has been operated by the 
British Post Office (BPO) since 1971, based on studios in 
London, Bristol, Birmingham, Manchester and Glasgow. It 
saves time, money and fatigue, so often associated with 
long-distance travel. Mobile studios are now being used to 
bring added benefits. They can be taken to a customer’s 
premises so that the conference participants do not even have 
to travel to a BPO studio.

The satellite link was set up between London and a special 
studio in Ihe British Pavilion at Telecom 79—the international 
telecommunications exhibition held in Geneva. The link was 
set up to show the world’s 2000 top telecommunications 
specialists attending Telecom 79 how advanced services of 
this kind can play a significant part in the future by improving 
industrial efficiency and by saving the world's non-renewable 
resources.

The link was used for a series of conferences between 
London and Geneva, forming part of the activities of British 
National Day at the exhibition—held to highlight British 
achievements, equipment and services. The exhibition studio 
was visited by the Duke of Kent during his tour of the 
pavilion.

The Confravision satellite link resulted from joint British 
endeavour by four organizations: the BPO, the Independent 

Broadcasting Authority, Ferranti Electronics Microwave 
Division and British Aerospace Dynamics Group—with the 
co-operation of the European Space Agency and interim 
Eutelsat (the international organization formed lo run 
Europe’s future communications satellite).

From the BPO’s Confravision studio on the stand, television 
pictures and sound went by underground cable to a trans­
portable earth station set up in a car park about 500 m from 
the exhibition hall. A small dish aerial at the station beamed 
the pictures and sound to the orbital test satellite (OTS), in 
geo-stationary orbit over equatorial Africa.

The OTS beamed the signal to the BPO’s 11/14 GHz 
earth station on Goonhilly Downs, Cornwall, from where 
it travelled by microwave link to the Post Office tower in 
London and then to the Euston Confravision studio.

There was also a mobile Confravision studio in Geneva, in 
a car park adjoining the exhibition hall, linked to the studio 
on the stand, to provide further demonstrations of Confra­
vision, which attracted hundreds of visitors during the show.

Britain was the first country in the world to have Confra­
vision—a time-saving alternative to meetings, which demand 
many man-kilometres of travel. Groups of executives or busi­
ness men use the service to set up conferences from Confravision 
studios in the UK. The system is also used for staff training, 
direct customer selling, market research and client presen­
tation, as well as conferences.

The studio privacy is one of its features. Once the studio is 
“live” and on the air, there arc no BPO staff present. Complete 
confidentiality is maintained.

Display cameras arc available in the studios to transmit 
pictures of graphs, maps, charts, documents and small objects. 
Early next year the BPO plans to have a colour Confravision 
service available at two of the permanent studios.
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Main Transmission Network: Optimization Methods 
in Planning
A. C. PIGOTT, B.sc.t

UDC 621.394.4: 681.327.8

The planning of the British Post Office main transmission network is a complicated and difficult task. This 
article discusses the problems and considerations related to the decision-making process and to the techniques 
that may be invoked to optimize that process; in particular, the use of computers.

INTRODUCTION
Forming an optimal plan for the future of the British Post 
Office (BPO) main transmission network has long been the 
objective of telecommunications planners. Until recently, the 
size and difficulty of the problem have caused the optimization 
to depend upon the intuitive skill and experience of the plan­
ner. New mathematical techniques, implemented on powerful 
computers, should soon allow automatic optimization of a 
comprehensive range of transmission network strategies.

This article surveys the fundamental decision-making 
problems at the heart of main transmission network planning. 
It discusses optimization techniques in general, and shows how 
they are being applied to the development of an experimental, 
practical system. The system is designed to facilitate the 
optimal medium-range to long-range planning of the BPO 
main transmission network.

The main transmission network1 is essentially the inter-city 
transmission network; it is heavily interconnected and has a 
complex multiplexing hierarchy. This part of the network 
provides a wide range of alternatives to the planner and is 
therefore an obvious candidate for optimization.

THE PLANNING PROBLEM
Planning is making decisions at appropriate times. The basic 
problem in telecommunications network planning is that of 
satisfying the customer’s demand at minimum cost, subject to 
various constraints. The decisions to be made can be described 
as either tactical or strategic. Tactical decisions are short-term 
and are essentially irrevocable. They are concerned with 
questions of what!, where!, when!, and how much! Strategic 
decisions are longer term and usually subject to modification. 
They are made in order to co-ordinate individual short-term 
decisions so as to achieve an overall or long-term aim; they 
are concerned with questions of whether!

Tactical Planning Problems
The rapidly advancing technology of telecommunications 
gives the planner a wide choice of equipment which may be 
used to meet the demand for traffic capacity. Provided that 
alternative types of equipment meet the standards for factors 
such as performance and reliability, then the cheapest will be 
chosen. This may not be a simple choice because the cost over 
(he life of an equipment must be considered. A type of equip­
ment that is more expensive initially may be cheaper in the 
long run. There arc problems of compatibility between 
different types; an obvious example of this is between analogue 
and digital transmission. The equipment installed on a parti­
cular link*  should be appropriate to the equipment installed

f Transmission Department, Telecommunications Headquarters
* In this article, the term link is used to indicate the existence of 

transmission facilities of unspecified number and type between two 
nodes of the network

LEAD-TIME (YEARS)

Nt»«'.’ The lead-times for groups and supergroups arefor bulk quantities at a station 

Fig. 1- Examples of equipment lead-time

on adjacent links. The size of the demand to be met w ill also 
affect the choice; the law of (he economies of scale applies well 
lo telecommunications.

In general, there is a seleciion of possible paths over which 
capacity may be provided to meet a given point-to-point 
demand. The superficially obvious choice is the shortest geo­
graphical path; however, this may not necessarily be the best. 
The cost of a transmission link is a function of the sum of al! 
point-to-point demands that are routed over it. Accordingly, 
the cost of a path for a particular point-to-point demand can­
not be determined in isolation. In addition to economic 
considerations, there are diversity requirements lo be met. For 
example, in the BPO main transmission network, there is the 
restriction that no more (han two-thirds of the total of any 
point-to-point circuit demand may be routed on the same 
cable path.

The telecommunications network planner has to make 
decisions based on forecasts of demand in the future. How far 
into the future is dependent on the type of equipment being 
planned and the lead-time. Basically, the lead-time is the 
period necessary between the initial plan and the operational 
availability of the equipment. An illustration of lead-times is 
given in Fig. 1.

The quantity of equipment planned for the network will 
depend upon the value of the forecast demand. This is esti­
mated using the best information availableat the time. Because 
the forecast is set some years into the future, it could include 
considerable errors. In determining required equipment 
quantities, the network planner must be aware of the quality of 
the data upon which his plan is based.

Strategic Planning Problems
A major aspect of strategic planning is the consideration of the 
likely usefulness of new types of equipment. Before money is 
spent on a development, a long-term economic advantage to 
the network must be indicated. The scale of such decisions 
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varies from the introduction of digital plant, through optical- 
fibre transmission developments to the choice of coaxial cable 
sizes.

Often a proposed new system is not a direct replacement for 
an existing one; its economic use may require a completely 
different pattern of use in the network. The topology of the 
network is very sensitive to the cost structure of equipment. 
For example, in the case of line systems, those having low 
initial but high incremental costs give rise to a well intercon­
nected network; those with high initial hut low incremental 
costs give rise to a poorly interconnected network.

There may be constraints upon the number of different types 
of equipment that the network planner has at his disposal. 
Although a particular type of transmission system might be 
the optimal choice in a given network situation, its develop­
ment may not be justified by the total requirement in the 
network. The manufacture of a new type of equipment will 
only be started if there is the prospect of adequately main­
tained ordering levels.

The Network Plan
The most important tool used to aid decision making in 
planning is the network plan. In transmission network plan­
ning, the plan is a description of the network from the present 
time until far into the future. This description is the network 
intended by the planner on the basis of his present information. 
When the plan for a particular type of equipment becomes 
critical, as determined by its lead-time, then it is turned into a 
decision. In other words, when forced to make a decision, the 
planner implements the relevant part of his latest plan.

In a targe field such as transmission network planning, 
there is rarely one all-embracing plan. Parts of the planning 
organization are responsible for different decisions and they 
may have their own plans appropriate to those decisions. The 
necessary range and detail of a plan is determined by the 
nature of the decisions that will be made from it. However, there 
is an overall plan for the organization, even if it is only impli­
cit. The individual explicit plans must be consistent if the 
planning is to be done in the most effective manner. It can be 
seen that one of the major tasks in network planning is the 
creation of an appropriate network description for the future.

HISTORICAL BACKGROUND
The use of computers, network models and optimization 
methods in network planning is a relatively recent innovation. 
The first major use by the BPO of computer aids in main-net­
work transmission planning was in 1964. This has been fol­
lowed by a succession of computer systems giving increasingly 
sophisticated help to the planner. These systems are used in 
the short-term (5-year period) annual planning cycle, which 
determines necessary augmentation for the network. None of 
these systems could be used to answer strategic problems; 
they do not look far enough into the future and they rely on 
manual, partial optimization of the network, as it is planned 
each year.

The first important use of a model to study long-term 
strategies was by the UK Trunk Task Force (UKTTF) in 
I97O2. This mode! covered the whole network: switching and 
transmission; main, junction and local networks. Primarily, 
it was designed to examine the implications of the introduc­
tion of digital telecommunications. To achieve such a compre­
hensive coverage, many simplifications had to be made. These 
simplifications dictate that a model, such as the UKTTF one, 
cannot usefully be employed on precise problems of strategy 
in the main transmission network; something much more 
detailed, having the capability of automatic optimization, is 
required.

Until a few years ago, it was considered that the production 
of a system with both detail and automatic optimization was 
beyond current capabilities. At that time, the computers then 

available were neither large nor fast enough, nor were the 
algorithms good enough to compete with the intuitive 
optimization of the human planner. However, recently, 
the situation has changed. Computer power is increasing at 
unimagined rates and even a relatively old machine (by today’s 
standards), such as the IBM 370/168, provides power and 
facilities greatly in excess of those available 10 years ago. 
Within the next 5 years, machines may be available with one 
hundred times the power of the IBM 370/168. Just as compu­
ter power has been increasing, so has computing cost de­
creased. But. computer power is useless without the algorithms 
to exploit it. In the area of network-optimization algorithm 
development, much pioneering work has been done over the 
past 10 years, in both Bell Laboratories (USA)’ and CNET 
(France)4. Although most of this work dealt with very simpli­
fied problems, the potential was quite apparent.

In the BPO, interest in an optimization system for strategic 
main network transmission planning began around 1974. It 
was prompted by the need to investigate the possible require­
ment for trunk waveguide systems in the main network5. The 
unusual cost structure of the waveguide system (very high 
initial cost and very low incremental cost) meant that no 
particularly meaningful results could be obtained from exist­
ing methods, such as extrapolating forward the current net­
work topology.

It was clear that in order toassessthe potential benefitsfrom 
using waveguides, a much less interconnected network with 
larger capacity links would be required in the future. Accord­
ingly, a computer program was developed to examine these 
possibilites. The main-line planning (MLP) system used a very 
simple model of the network. It had 65 nodes representing the 
major transmission stations in the country, with the other 
stations compressed onto their nearest large neighbour. No 
account of multiplexing was taken and circuits were routed 
directly on transmission links. However, the relative cost 
information about the alternative systems was accurately 
reflected. With this model, it was possible to compare the 
long-term cost of the network, with or without waveguides, at 
different circuit growth rates, with a partially optimized net­
work topology for the systems employed. This program 
provided useful information about the relative value of 
different broad strategies. However, the lack of detail in the 
model prevented it from being used either to study medium­
range rather than long-range strategies, or to compare 
strategies that were too similar. To summarize, many inter­
esting possibilities could not be compared because the 
difference between results would have been comparable to the 
errors on assumptions in the model.

Although it was not entirely satisfactory for many strategy 
problems, the MLP system had demonstrated the possibilities 
and feasibility of such optimization systems. Accordingly, 
work began aimed at establishing the design of a new compu­
ter system (hat would satisfy the need for answers to trans­
mission strategy problems. This would have to include both 
fine detail of the network and a high degree of optimization. 
This work is being completed with the development of an 
experimental system known as the C }'BERNET system, which 
is described later in this article.

BASIC OPTIMIZATION METHODS
In the past 40 years or so, a new field of applied mathematics 
has developed. This is the optimization of large-scale systems. 
The field covers nearly all problems of management and 
design in real-life situations. Tn such problems, there is always 
the concept that a given solution may, in some sense, be im­
proved or ‘optimized’.

The first difficulty encountered in the optimization process is 
that of mathematically modelling the physical system in 
question. This is often the most difficult part of the overall 
problem. Any physical system may be represented, or 
modelled, by a very large number of different mathematical 
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descriptions. These have one feature in common: they are al! 
simplifications of the real thing. This is, of course, equally true 
of mental models that are solved intuitively. The effective 
mathematical model is one that most nearly reflects the origi­
nal problem. It is important to avoid meaningless problems in 
which the answer would be within the noise level of the given 
data.

The objective function must be established. This is generally 
given in terms of the maximization or minimization of some 
quantity. Often there are multiple objectives; for example, 
it may be necessary to minimize expenditure on the network 
while maximizing the quality of service. These can be super­
ficially incompatible. The objective can only be a straight­
forward maximization or minimization by expressing every­
thing in terms of one quantity; in the example above, by put­
ting a monetary value on the quality of service. An alternative 
approach is to take part of the objective and, instead of 
attempting to optimize it, to set an acceptable limit; taking 
the example again, to minimize expenditure on the network, 
subject to the quality of service being at least as good as some 
given figure.

The quantities in the model are either variables, if their 
values are to be determined in the solution of the problem, 
or parameters, if their values are given at the outset. The 
relationships between the variables and the parameters are 
known as the constraints of the problem. The set of con­
straints defines a region of feasibility to which any valid 
solution to the problem must belong. Any solution within 
this region of feasibility is known as a feasible solution.

A locally optimal solution, known as heal optimum, is a 
solution from which, in the case of a minimization, a small 
change in any direction (which stays within the feasible 
region) causes an increase in the objective function. The 
smallest of these local optima over all possible values of the 
variables is known as the global optimum. Depending upon 
the nature of the problem, there may be one or many local 
optima, which may be close or widely spread in value. An 
illustration of local and global optima is given in Fig. 2.

The most widely used type of optimization problem is the 
linear programming problem, in which the objective function 
and all the constraints are in linear form. This type of problem 
has powerful and comprehensive solution methods available. 
A commonly encountered variant of linear programming is 
that of the integer linear programming problem. This is as 
before, but with the added restriction that ail the variables 
must have whole number values. It is much more difficult to 
find the exact solution to a integer linear programming 
problem than that of a linear programming problem of the 
same size.

Fig. 2—Minima of a function

THE MODEL OF THE MAIN TRANSMISSION 
NETWORK
The full model of the network must reflect the detail of infor­
mation normally used in planning. The fundamental variables 
in the model are known as elements of the network. Each 
element has a number of attributes;

(a) TIME — the year at which the element is planned 
to exist,

{b) LEVEL — the level in the multiplexing hierarchy 
(extended to include systems, cables, 
etc.),

(<’) NODE-PAIR — the two nodes in the network between 
which the element exists,

(d) TYPE — the technical type of the equipment of 
which the element is comprised,

(?) ROUTING — the path, through elements of a higher 
level, over which the element is routed, 
and

(/) NUMBER — the number of units in the element.

Considering, for example, two 15-supergroup hypergroups, 
planned to exist in 1983, with terminals situated al Leicester 
and Cambridge, both routed over 12 MHz line systems be­
tween Leicester and Peterborough and then Peterborough and 
Cambridge, it is easy to see how this description fits into the 
list of attributes given above. The list of attributes, provided 
that it is sufficiently precise, contains all the information 
normally considered necessary to describe the planned or 
existing network. For costing purposes it may be important to 
have some subsidiary information, such as the geographical 
length of the element.

The element attributes which make up the model are now 
described in more detail.

Time Periods
There is no reason why any particular lime intervals should be 
used. However, it is normal in network planning to use one 
year as the basic interval. To say that certain equipment is 
planned at a given year means that the equipment is intended 
to be in service at the beginning of that year. Enough equip­
ment is planned to meet the requirement until the beginning 
of the next year. In practice, of course, equipment will be 
brought into service continuously over the year in question in 
quantities appropriate to economic procurement.

Hierarchical Levels
It is convenient to treat the various types of equipment which 
make up the main network structure as constituent items for 
use at particular hierarchical levels in the network. This is 
easily appreciated when one thinks of the basic analogue 
multiplexing hierarchy, as shown in Fig. 3. The concept of the 
multiplexing hierarchy can be extended to include digital 
transmission and all types of equipment from circuits to duct 
sections. An iliustration of a more complex hierarchy of levels 
is shown in Fig. 4. The concept of the level in the network is

LEVELS -----

Fig. 3—An example of a simple multiplexing hierarchy
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Fig. 4—An example of a complex multiplexing hierarchy

Objective Function
The primary costs in the network are due to new installation 
and re-arrangements. Of these, the new installation cost is the 
predominant one, but re-arrangement costs are significant. 
Maintenance costs can be added as a lump-sum to the instal­
lation cost. There arc particular costs associated with each 
clement which depend on many factors; for example, equip­
ment availability, equipment type, and so on. The total cost 
of the network, which is the objective function to be minimized, 
is then the sum of all the element costs.

Constraints
For each link in the network there is a constraint which forces 
the sum of all the routings (elements) of that link to be at least 
equal to the total requirement on the link. The total require­
ment is made up of the internal and external demands on the 
link.

For each link in the network there is a constraint which 
states that the total number of units must not be less than that 
for the same link at the previous year. This is to prevent the 
apparent recovery of installation costs by removingequipment.

There are constraints for each link which state that no 
more than a given proportion of the total requirement on that 
link shall be routed on a single element at a specified higher 
level, usually circuits on cable sections.

based on the idea that with progression through the hierarchy, 
a requirement at one level is routed on elements at the next 
level. The requirement may be an external one (that is, a 
customer's requirement) or it may be an internal one (that is, 
initiated by a routing decision at the next level below). For 
example, an external requirement for circuits may dictate that 
the circuits be routed on groups. This generates an internal 
requirement for groups between the terminals of the elements 
used in the circuit routing. These group requirements must 
then be found routings on supergroup elements, and so on. 
Only the final level in the hierarchy does not need a further 
routing.

Node-Pairs
The terminal nodes of an element represent the points between 
which the transmission facility exists. Access to the facility 
from the next level below is available at these nodes, and at 
nowhere in between. For example, the terminal nodes of a 
hypergroup are where the supergroup translating equipments 
are situated. Supergroups can be carried on the hypergroup 
from these points; no access to the hypergroup from super­
groups is available elsewhere. This definition must be care­
fully interpreted in some cases (such as cable sections) where 
the availability of access from line systems may not be so 
obvious as in the case of hypergroups and supergroups.

Equipment or Facility Type
This attribute describes the facility type and the particular 
equipment used. Versions of essentially the same type are 
separated only if there is some differing constraint on their use. 
For example, 15-supergroup hypergroups are considered a 
different type to 16-supergroup hypergroups because one is 
routed on 12 MHz line systems while the other is routed on 
4 MHz line systems. External requirements or demands are 
represented as particular facility types even though there may 
be no internal equivalent.

Routing or Path
The routing is a list of other elements at the next level above. 
These form an unbroken path between the terminal nodes of 
the element being described.

Scale of the Network Modelling Problem
The attributes of the network elements give an indication of 
the size of the model. Considering, for example, 20 time 
periods, 10 levels, 2000 node-pairs and 5 types (at each level), 
there are already 2 million variables without allowing for the 
different routings. The number of possible paths between 2 
nodes in the network is combinatorially large. Even allowing 
only 10 technically feasible paths between each node-pai® 
there is a problem with 20 million variables. Each of the 
variables must be integer valued (it is not possible to have a 
fraction of a hypergroup). Modern mathematical program­
ming systems can deal with very large problems, but this is 
several orders of magnitude larger. The solution of a problem 
such as this can only be achieved by specially designed 
heuristic algorithms which take account of the particular 
structure of the problem.

Summary of Network-Model Data
The network model described takes account of:

(a) many years of network development,
(b) all levels in the analogue/digital multiplexing hierarchy, 
(c) all nodes and links in the real network,
(d) all types of equipment, existing and projected, 
(e) all technically feasible routings of requirements, and 
(/) the discounted costs of all equipment and re-arrange­

ments.

SOLUTION METHODS
The complete problem of optimizing the plan for a transmis­
sion network is much too large to be solved by a direct ap­
proach. The technique discussed here is to use the structure of 
the problem to split it into manageable parts, to use efficient 
algorithms to solve the components, and then to re-combine 
them6. To illustrate the process, a simple problem will now' be 
examined.

A Simple Routing Problem
The routing problem considered here includes most of the 
difficult aspects of the real problem but is reduced in its 
complexity; one time-period and a two-level hierarchy only 
are considered. This problem could be thought of as routing 
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a demand for circuits directly onto a network of transmission 
system links at one particular year with no consideration for 
past or future. It is a useful simplification: it allows the funda­
mentals of the full problem to be identified and, as will be seen 
later, it can be used as a sub-problem in the decomposition of 
the full problem. The routing process can be considered as 
that shown in Fig. 5; with inputs of demand, cost and con­
straints, and outputs of link capacities. Some basic algorithms 
to solve this problem are given below.

Minimum-Cost Routing Algorithm
A flow chart of the minimum-cost routing algorithm is shown 
in Fig. 6. In appropriate simple circumstances (that is, linear 
and continuous costs, no diverse routing or security con­
straints), this algorithm gives the global minimum. When 
applied to a full problem, but with reduced dimensionality, it 
generally finds a local minimum. There are numerous variants 
of this basic algorithm.

Greedy Heuristic Algorithm
The success of the greedy heuristic algorithm does not depend 
upon the continuity,'integrality of the link costs. In various 
forms, this algorithm has been found to give good local

COSTS

CONSTRAINTS

Fig. 5—The basic routing process

Fig. 6—Minimum-cost routing algorithm

optima in relatively small amounts of computing time, A 
flow chart of the algorithm is given in Fig, 7.

Decomposition of the Problem
There is a very natural decomposition scheme for the main­
network transmission planning problem6. This involves con­
sidering the routing process at each combination of time period 
and level as a sub-problem. The inter-relationships between 
two adjacent sub-problems, of different levels but the same 
time period, are shown in Fig. 8. The information flow between 
the two routing processes is cyclic. Apart from the constraints, 
the solution of the first process provides the internal demand

Fig. 7—Greedy heuristic algorithm

COSTS COSTS

CONSTRAINTS CONSTRAINTS

Fig 8.—The interrelationship of 2 routing processes at the same time 
but at different levels
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Fig. 9—The interrelationship between routing process at differing 
times and levels

to the second process which in turn alters the costs as seen by 
the first process. The implied costs are the partial derivatives 
of the total network cost with respect lo the variables of the 
sub-problem. The connexions between sub-problems with 
different time and level are shown in Fig. 9; some constants 
are omitted to aid clarity.

The cyclic information flow dictates that the solution of the 
sub-problems cannot start at one point and simply proceed in 
the direction of the information flow. An initial solution must 
be found; it is then iteratively improved by solving the sub­
problems. The solution of one sub-problem passes variables 
forward and passes cost information backwards to other sub­
problems. An appropriate ordering of sub-probfem solution 
can lead to convergence onto a good solution to the overall 
problem.

COMPUTERS 1N NETWORK PLANNING
Any realistic implementation of the types of planning method 
discussed in this article will require a powerful digital compu­
ter. Apart from the computational power needed, there are 
a number of aspects that demand attention when a large 
digital computer is brought into a planning system. These can 
.be divided into two categories: namely, advantages and 
problems.

Advantages
The computerization of a system requires that all its processes 
be precisely defined. This often leads to an examination of the 
real, rather than supposed, needs of the system.

The scale of a computer enables the handling of much 
larger systems than would be the case with a manual process. 
This can ensure consistency in the treatment of the various 
examples of a system. Any studies, for example to examine 
different strategics, can be carried out using exactly the same 
method, yielding directly comparable results. The computa­
tional power makes it possible to do many examples of such 
studies.

The input data requirements of a computer process usually 
dictate that a large data-base has to be created. This in turn 
requires that the data collected must be complete and self- 
consistent, as seen by the computer process. This consistent 
data-base will enable comprehensive statistical information to 
be derived from it. The data collection will also highlight areas 
where existing data is poor.
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Problems
Computer processes, while they may save money in the long- 
run and may permit the achievement of otherwise impossible 
tasks are, inevitably, expensive to establish. Even when they 
are complete, poor development and management policy can 
lead to very high running and maintenance costs. The data 
collection necessary for a large comprehensive system can be 
highly time and labour consuming. Often, more data is 
required by a computerized system than by the manual one 
that it replaces. This is generally due to greater human ability 
to interpret incomplete data correctly.

Full benefit from a computer process may depend upon 
organizational changes. These are usually more difficult to im­
plement than the computer process itself. Another problem 
encountered is that of credibility. Compared with the slow-speed 
manual process, where the reasoning at each step is obvious, 
the computer process can be very opaque to a user confronted 
by an answer with very little explanation.

THE CYBERNET SYSTEM
To implement the network model and optimization methods 
described in this article, an experimental computer software 
system is being developed. The CYBERNET (CYBERnetic 
NETwork planning) system has the objective of producing 
medium- and long-range plans for strategy studies. It is 
designed to cover all aspects of the task from data input, 
through optima! plan production, to graphic output. The 
system will use the BPO DPE IBM 3033 machine. The 
software is being constructed in a modular way so that it is 
primarily a framework for a computer planning system, rather 
than the implementation of any particular process. In this way, 
it is hoped that the CYBERNET system can be modified and 
extended as the situation demands. The basic flow diagram of 
the CYBERNET system is shown in Fig. 10.

Input Section
The purpose of the input section of CYBERNET is to provide 
all the necessary data for the optimization section. This data 
may need to be collected from various computer accessible 
files, thus interfacing with other computer systems. Most of 
the necessary data can be extracted directly from two existing 
systems operated by the Transmission Department of 
the BPO Telecommunications Headquarters: these systems 
are known as the HFP3 suite and the RAMIS main network 
transmission records data-base. However, some modifications 
and additions are necessary to achieve the comprehensive 
cover, from circuits to cables, required by CYBERNET. It is 
the network description data that makes the largest contribu­
tion to the difficulty of the input data preparation; other 
categories, such as cost data and technical constraints data, 
are small enough in scale to be manually prepared and main­
tained. The data prepared by the input section does not have 
to be re-created for each run of the system; previous versions 
of the data are stored for future use, and can be partially 
modified, if necessary. In this way, only the changes in the data 
from one run to another need cause any manipulation.

Optimization Section
The function of the optimization section is to take all the 
input data and use it to produce a plan for the network, as 
near optimal as possible. The optimization is carried out in 
two phases.

Phase one of the optimization is to produce an initial 
feasible solution; that is, a plan is produced for the whole 
network and study period which satisfies all the constraints, 
but which may not be optimal. The aim is to produce as good 
a solution as possible without incurring high computation
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HISTOGRAMS, 
MAPS

Fig. 10—The basic CYBERNET flow diagram

costs. This is achieved by starting with the existing network 
and enlarging it, year-by-year, lidding capacity and re-routing 
demand as necessary. This is a non-iterative, single-pass 
process.

In phase two of the optimization, the initial plan is taken 
and attempts are made to improve it. Using the decomposition 
scheme described earlier, the program passes through the plan, 
examining each element in the network. It calculates the net 
saving on the cost of the network if that element was reduced 
in capacity. This is the sum of the savings made by reducing 
augmentation on the element and the possible extra cost 
elsewhere in the network, caused by re-routing the displaced 
demand. When either no more improvements can be made or 
the rate of improvement has fallen to a satisfactory level, the 
process ends.

Output Section
The optimization section produces a vast amount of data. 
This is simply the complete network description for each of 
20 years. It would be both wasteful and unmanageable to keep 
all this data on some manually-accessible medium such as 
paper or even micro-fiche. Instead, only essentia! information 
summaries, such as ordering profiles for equipment types, is 
produced on paper. The bulk of the data is archived on 
magnetic tape. The data can be interrogated later using a 
management information system such as RAMIS, so that the 
user can extract the particular details required. The output 

data can be displayed in various forms; tables, graphs, histo­
grams and maps will all be available at the user's discretion. 
The output section is designed with the requirement that the 
results of the optimization must be given in a clear, concise 
and attractive form.

CONCLUSION
This article has outlined the problems facing the transmission 
network planner and has described the methods used to 
develop an optimization system. This computer-based 
system, known as CYBERNET, is intended to determine 
medium-range to long-range strategies for planning the net­
work,

A detailed model allows the planner to study many different 
facets of the problems; a powerful optimization system allows 
him to choose between the vast number of options. A single 
strategic decision may have complex and far-reaching 
consequences for the network. Without the sort of assistance 
CYBERNET system is designed to give, it is difficult io assess 
these consequences or even to recognize their existance.

There is always uncertainty about the future, and it is 
inevitable that the conditions upon which an optimum plan is 
based will have changed before the plan can be put into effect. 
In this context of uncertainty, the optimum plan is one which 
is most likely to give the optimum network over the period 
studied. The sensitivity of the plan to changing circumstances 
can be examined, enabling the planner to see the outcome over 
a range of possibilities.

It is important to recognize the limitations of these methods. 
However good a plan is produced, it must be updated regularly 
to take account ofchanging forecasts of demand, cost, and 
technology. The role of automated planning systems should be 
kept in perspective; the computer is not expected to make the 
decisions, but only to provide information. There is no sug­
gestion of accepting the conclusions of a computer system 
without question; no more than would be the case with the 
conclusions of a single human planner.

The strength of the CYBERNET system is based on a good 
mcdel of the real network. It reflects all the important features 
of the network and takes the existing (or firmly planned) 
network as its starting point.

A modern telecommunications network is a very complex 
system. Computer optimization systems such as the 
CYBERNET system promise to be of enormous value in 
planning the network of the future.
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Use of Vehicles in the Telecommunications Business
R. C. MORRIS, M.B.I.M.t

UDC 656. 1 : 654. 01

The transport fleet of the British Post Office (BPO) telecommunications business is the largest in the UK. 
The vehicles represent a considerable capita! investment. The efficient use of vehicles and the purchase of 
replacement and additional vehicles are important factors in the administration of that investment and to 
the efficiency of the BPO telecommunications business; this article discusses these factors.

INTRODUCTION
The British Post Office (BPO) telecommunications business 
owns or leases approximately 46 000 official motor vehicles 
and 6 000 vehicular mechanical aids; this is the largest fleet 
of vehicles operated by a single concern in the UK, and 
probably the largest in Europe*.

The composition of the fleet is matched uniquely to the 
needs of the telecommunications business, the main transport 
requirement of which is the large-scale provision of mobile 
workshop or toolbox facilities in the field. Several of the 
larger units are mechanized to carry out field operations 
formerly done manually.

The gross book value of all vehicles in the BPO tele­
communications business exceeds £80M, with an annual bill 
for new vehicles of approximately £21 M. This article shows 
how the efficiency of use of the transport fleet is maximized, 
thus ensuring that this massive capital investment is soundly 
based, while giving each vehicle user the service required. 
Basically, this is done by providing the minimum level of 
transport which allows user operational performance to 
continue normally.

The purchase of official motor vehicles for the BPO tele­
communications business is reserved to Telecommunications 
Headquarters (THQ), thus ensuring standardization through­
out the UK and maximum purchasing discounts. Fleet serial 
numbers are issued nationally and recorded on a BPO 
vehicle-record (POVR) asset register.

The BPO has 22 main vehicle types to serve the needs of 
53 defined work occupations, into which the 98 000-strong 
staff of its engineering technical grades (ETGs) is divided.

THE SIZE OF THE TRANSPORT FLEET
The size and composition of the BPO’s telecommunications 
transport fleet is regulated annually in a review procedure. 
The review is divided into 2 main parts: namely, additional 
and replacement vehicle estimates, which are essentially 
different in character, although the resultant figures are 
eventually summated to give total contract requirements.

Estimates for Additional Vehicles
Additional vehicles constitute the smaller part of the contracts 
let for vehicle purchase since they relate to the marginal 
variations in ETG staff, whereas the replacement programme 
relates to all vehicles used by ETGs.

Normally, additional vehicles are needed only where the 
number of staff is growing, or where there is a policy to 
introduce smaller working parties. It can be seen from Figs. 
1, 2 and 3 how inconsistent is the staff variation between the 
widely varying disciplines of telecommunications engineering.

t Formerly of Operational Programming Department, Tele­
communications Headquarters

* The size of the transport fleet and financial details are approxi­
mations based on the BPO Report and Accounts 1979
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Fig. I—Number of staff and vehicles employed on EXTERNAL 
WORKS duties

These graphs indicate that a regular growth in vehicles used 
for maintenance duties may be expected, while considerable 
care must be taken to predict the number of vehicles used for 
installation duties.

Reducing occupations do not normally feature in the 
additional-vehicle estimates. At the time of the annual review, 
in the early autumn of each year, Area transport-control 
officers submit their estimates, based on expected staff 
variations, to the motor transport (MT) efficiency specialists 
in the Regional office. Most Regional MT efficiency duties 
prepare their own independent forecasts, based on the 
accumulated manpower forecasts for the Region as a whole. 
The Area forecasts provide a useful comparison, and give a 
positive indication as to the distribution of the eventual 
additional vehicle allotment. Following discussion on pro­
visional estimates submitted about 2 months earlier, the 
Regional office puts its bid for additional vehicles to THQ 
at the end of September of each year. At each higher checking 
stage, the estimates are scrutinized in the light of manpower 
requirements submitted at the same time from Regional level 
to the Business Planning Department of THQ.
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Fig. 2—Number of staff and vehicles employed on 
MAINTENANCE duties

Estimates for Replacement Vehicles
For budget purposes, each type of telecommunications 
vehicle has a theoretical life expectancy. However, the precise 
moment when the staff of the Regional MT officer declare 
that a vehicle is nearing the end of its useful life depends 
entirety upon its condition. Once this decision has been made, 
the vehicles concerned are listed, and the Area transport­
control officers throughout the Region are consulted as to 
whether each vehicle needs replacement, or whetheca different 
type of vehicle is required in replacement. Thus, the replace­
ment programme is the most significant single means of regu­
lating the fleet. The replacement estimates are submitted to 
THQ on the same timetable as the additional-vehicle estimates, 
and are subject to the same preliminary discussion on the basis 
of provisional estimates.

THE VEHICLE-PURCHASE CONTRACT CYCLE
The BPO is heavily conditioned to its financial year com­
mencing I April of each year. Vehicle provision must there­
fore commence each year on or about that date, to coincide 
with the staff recruitment deriving from the new financial 
year's money allotment. The vehicle-purchasing contract 
cycle thus precedes the new financial year. For 7 cwt and 
15 cwt vans, it is necessary to sign contracts in mid to late 
autumn to fulfil this tight delivery schedule, and the arrival 
in THQ of the vehicle estimates at the end of September 
makes the ordering cycle just possible. The tightness of this

Fig. 3—Number of staff and vehicles employed on 
INSTALLATION duties

schedule makes it impossible for discussion to occur on the 
estimates, except at the earlier provisional stage.

The contract lead-time for larger vehicles is longer than for 
the small vans, especially where separate contracts are 
necessary for the chassis, the body, and any specialized 
superstructure. The small-van contracts incorporate a con­
tingency allowance, to cater for variations in the requirement 
caused by manpower forecast changes which may occur as 
the year proceeds.

THE TRANSPORT NEEDS OF DIFFERING 
OCCUPATIONS
Very broadly, the size and nature of the vehicle fleets of large 
operators are governed by the rate and nature of the demand 
for service. In this respect, the telecommunications business of 
the BPO is no different in the general sense, but the application 
of the principle is more complex than is the case in, say, 
haulage contracting, or in the BPO’s postal business. In both 
these cases, bulk conveyance of goods is the prime object, 
whereas, in telecommunications, a vehicle is one of a number 
of tools in a complex field operation. Indeed, the field oper­
ation itself exists in several distinct forms, so necessitating 
sectionalization of the vehicle fleet.

This situation presents a considerable challenge in fleet and 
vehicle design, since there is a great financial advantage in 
minimizing the number of vehicle types ex works. In particular, 
this applies to vehicles of 7 cwt and 15 cwt carrying capacities, 
which, together, comprise about two-thirds of the transport 
fleet. The more field operations that can be satisfied by a 
single basic vehicle, the greater the financial advantage to the 
business. This concept also allows for flexibility in fleet 
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deployment, since a basic vehicle can be taken from one 
occupational specialist and given to another.

Fleet control is complicated by the changing pattern of the 
field operations. As telephone penetration into homes and 
businesses in the UK approaches itstheoreticalsaturation point, 
so the emphasis will swing away from the provision of cable in 
the local telephone network, while the provision rate of the 
trunk and junction network is governed by the even more 
fickle characteristic of calling rate.

External Works
The world recession of the mid-1970s made the estimating 
process more complex in regard to the ultimate size of the 
cable network, since it was not clear how much of the run-

Note: This unit is operated by 2 men. It has a power auger for hole boring, and 
a crane for lowering in the poles

Fig. 4—Pole-erection unit

down in cabling work was due to the suppressed demand rate 
caused by the recession, and how much to the approach of 
saturation point. While it is obviously desirable to reduce the 
holdings of large vehicles for cabling work, whatever the 
cause of the decline in demand, it is not until the recession is 
completely over that the full picture will emerge. It must also 
be borne in mind that the lead time on large vehicles for 
telecommunications external work operations is of the order 
of 2 years, as they are all purpose-built for this specialist 
work. Thus, disposal without replacement should not be 
undertaken lightly. However, the financial penalty per unit 
for not disposing of genuinely surplus vehicles of these types 
is considerable.

The rate of decline in the numbers of external works staff 
and vehicles since 1975 is shown in Fig. 1. The reduction in 
vehicles is less marked than the reduction in staff because 
working-party sizes are also reducing due to a greater degree 
of mechanization of works practices. Two of the latest 
external works vehicular mechanical aids arc shown in 
Figs. 4 and 5.

Internal Construction
The vehicle needs of exchange construction and allied staffs 
present less of a problem, since large numbers of those 
concerned in this category of work need no official transport 
at all, so minimizing the problems of vehicle estimating. An 
example of the type of transport needed for internal con­
struction duties is shown in Fig. 6, which shows a 30 cwt 
closed stores-carrying vehicle being loaded with an exchange 
equipment rack. The vehicle, which is still regarded as 
experimental, has been designed to match the load to be 
carried; it meets with the vehicle weight-limit regulations of 
the European Economic Community so that a driver does 
not need to hold a heavy goods vehicle licence, and it costs 
considerably less than previous designs.

Maintenance

Note: This unit is operated by 2 men, and incorporates a rod-pushing machine 
and a cabling winch

Fig. 5—Rodding and light-cabling vehicle

By comparison with the occupations already mentioned, the 
section of the fleet concerned with the maintenance of the 
BPO telecommunications network is subject to less complex 
and more regular variation. With the network growing at a 
measurable rate per annum, the number of maintenance staff 
is increasing at a lesser but related rate, while their vehicle 
fleet increases at an even smaller, but still related, rate (see 
Fig. 2).

A productivity element accounts for the difference between 
the network and staff growth-rates; the lower rate of vehicle 
growth is due to the fact that not all maintenance staff need 
transport (for example, those employed at large telephone 
exchanges). Again, there is a swing towards a greater pro-

Fig. 6—A 30 cwt closed stores-carrying vehicle
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portion of small vehicles, since cable network growth is less 
pronounced than the growth of the number of telephone 
stations.

Installation
The number of vehicles required for installation work is the 
most difficult section of the fleet to regulate, since it exists to 
satisfy the month-by-month demand pattern for telephone 
service. The fleet size is therefore subject to the vagaries of 
economic booms and recessions, and the effects of changes of 
political climates, both at home and abroad. To complicate 
matters, a telephone system growth rate of about 4% per 
annum can be met by existing installation staff, but a growth 
rate above this figure necessitates more staff, with a low 
staff-to-vehicle ratio. Worse still, the elusive forecast must be 
divided into the business and residential sectors of telephone 
service, so that an assessment of the need for 7 cwt vans (for 
installation filters) and 15 cwt vans (for installers) can be 
arrived at by the time of finalizing the annual contracts. 
Installation staff and vehicle complements are shown in Fig. 3. 
The normal vehicles for fitters and installers are those shown 
in Figs. 7 and 8 respectively; either of these vehicle types may 
also be used on maintenance work.

Other Occupations
Occupations such as storekeeping,etc.,require comparatively 
little transport. Approximately 900 vehicles are also operated 
under the direct control of the THQ formations, for long­
distance stores delivery, research, development, and radio 
station operation.

Reserve Vehicles
A fleet of shared reserve vehicles is held to cover the non­
availability of the service fleet units in the event of out-of­
service time for maintenance or breakdowns. The 7 cwt and 15 
cwt vehicles have reserve cover at a rate of one reserve to every 
20 service vehicles; the coverage for larger utility units is at 
a rate of one reserve to every 15 in service, provided that the 
service fleet is large enough at any one centre to allow this lo 
to be achieved. Where this principle cannot be applied (for 
example, in rural areas), one reserve vehicle covers more than 
one service type. For example, a 30 cwt vehicle is often used 
to give temporary cover for 1 ton, 30 cwt, and 4 ton utility 
vehicles.

Annual capital allotments always contain a contingency 
fund for the early replacement of vehicles written off due to 
fire or accident.

For 1 ton vehicles, experiments are planned to examine the 
use of demountable vehicle-bodies as an aid to speeding the 
changeover of tools and stores to and from reserve vehicles.

USE OF REMOVABLE BINS IN SMALL VANS
As already mentioned, it is desirable to employ a basic interior 
design for each vehicle type which satisfies as many work 
occupations as possible, so maximizing vehicle contract 
discounts. Having achieved this, it is also desirable to recom­
mend standard bin complements for each defined occupation, 
thus simplifying the ordering procedure for the bins and 
standardizing on the smallest acceptable vehicle size for each 
type of work. Where a particular occupation requires a 
fixture for a special function (for example, a hinged post for 
stowing reflecting road cones, for customer apparatus and 
line maintenance work), this can be incorporated into the 
bin kit for that occupation.

In the 1978/9 financial year, this principle was put into 
effect in an evaluation trial of plastic bins suspended on 
iouvred panels in 7 cwt vans. Opportunity was taken to base 
the trial on revisions of the standard tool and stores comple­
ments of each of the main occupations concerned. The 
interior of an installation fitting vehicle participating in ihe 
trial is shown in Fig. 9. The trial was an unqualified success,

Note: This type of vehicle is used for 20 different occupations in the BPO tele­
communications business, but the great majority are used by customer­
apparatus and line-maintenance stall and by installation fillers. On the 
current field trial, the ladder rack has been raised to allow long items lo be 
carried on the roof in PVC duct

Fig. 7—The latest design of 7 cwt van

Note: This vehicle is used for 5 different occupations, but it is used primarily on 
installer and faultsman-jointer duties

Fig. 8—A 15 cwt utility vehicle

Note The vehicle shown has been kitted out with the new standard Iouvred 
panels, together with the standard kit of plastic bins (BPO Kit No. 344A), 
tools and stores for this occupation

Fig. 9—A 7 cwt vehicle used for installation fitting

leading to the general introduction of the new standard in all 
4000 (approximately) new BPO telecommunications 7 ewi 
vans purchased in 1979/80.

The Iouvred panels are incorporated in all new 7 cwt 
vehicles ex works, and the bins, or kits of bins, are ordered
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in advance by the Area transport-control officer of each of 
the 61 Telephone Areas of the UK on behalf of each specialist 
van user. The new racking has necessitated redesign of the 
weldcd-mesh bulkhead screen, the new version of which has 
withstood a 35 g- retardation test on a fully-laden vehicle 
shell without any items entering the driving cab. Approxi­
mately £60 net per vehicle is being saved per annum by these 
racking and binning changes, bringing a net annual benefit to 
the business of approximately £0-25M and, at the same time, 
improving user flexibility and enhancing the principle of 
vehicle sharing through standardization of tool and stores 
lists for each occupation.

The success of the trial with 7 cwt vans has led to a similar 
exercise on the 15 cwt utility vehicle in 1979/80. The trial 
pattern of racking is shown in Fig. 10; and Figs. 11 and 12 
show the installer and faultsman-jointer layouts respectively.

OTHER SPECIALIST CONSIDERATIONS
The new, flexible approach to the interior design of vehicles

Fig. 10—A 15 cwt utility vehicle fitted with louvred panelling

Fig. 11—Layout of tools and stores for installer’s vehicle

also allows for the removal of the bins, leaving only the 
louvred panelling, so maximizing the floor loading space, 
especially the width. An example of this design can be seen 
in Fig. 13, which shows a (still experimental) false floor unit 
used for the conveyance of teleprinters and other bulky items 
in 7 cwt vans; necessary tools and small job stores are carried 
in drawers beneath the main load. The items in the drawers 
can be contained in the smaller standard plastic bins. (This 
idea is based upon a suggestion from the field, under the 
BPO awards scheme.)

The provision of louvred panelling in the 15 cwt utility 
vehicle also gives a new interior width which is greater than 
that of the rear door opening. This fact, together with the 
non-provision of a ladder rack, allows for the new-style 
utility vehicle to double as a stores carrier when the plastic 
bins are not carried, so eradicating the need for a separate 
15 cwt stores-carrying vehicle contract and increasing the 
utility-vehicle contract size, thus increasing the discount on the 
contract price. Greater user flexibility is also achieved. 
Experiments are in progress to introduce louvred panelling 
into a section of the interior of the 30 cwt utility vehicle.

Now that the purchasing philosophy for official vehicles is 
more user-oriented, the question arises as to how universal is 
the need for roof-mounted ladder racks on 7 cwt and I 5 cwt 
vans. It was mentioned above that the non-provision of a 
ladder rack gives greater economy, and it is also questionable 
as to whether disposal of the used ladder rack as part of 
a life-expired vehicle is cost effective. From 1980 the BPO will 
re-use ladder racks from vehicles of these sizes, so justifying 
the omission of the racks from all new replacement small vans. 
As it is difficult to cater for variants on a standard production 
line, new additional vehicles will not be fitted with ladder racks, 
but will be supplied from stock as required. In this case, 
any separate ladder-rack contract which may be necessary

Note: Comparison with Fig. 11 will demonstrate how the needs of 2 entirely 
different occupations can be met by the same basic vehicle. The differences
lie in the removable items only

Fig. 12—Layout of tools and stores for faultsman-jointcr’s 
vehicle
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Fig. 13 -A 7 cwt van fitted with a false floor unit

would be on a much smaller scale than previously when alt 
vans were produced incorporating the racks.

Since a local fitting operation is made necessary by these 
changes, the opportunity has been taken in the field trial to 
design kits of brackets to adapt the new or re-used ladder 
racks more closely to the needs of the relevant users,

A 7 cwt van, fitted with a standard ladder rack raised to 
accommodate three 3 m lengths of standard BPO PVC duct 
of 102 mm diameter (normally used for underground cabling), 
to give stowage for two 900 mm roadworks-guarding flexible 
signs and a set of pruning rods, is shown in Fig. 7. The duct is 
available locally, and the comparatively few brackets required 
are available as a variant in the kit of plastic bins for the 
customer-apparatus and line-maintenance occupation. The 
stowage of long items under the ladder also derives from the 
BPO awards scheme.

in the case of the 15 cwt van, not all users need the double 
ladder rack previously provided. Therefore, the new standard 
of provision will be the nearside ladder rack only. However, 
the offside ladder rack will be available as a bolt-on extra if 
the need is justified.

A special side-and-rear loading ladder-rack for the 7 cwt 
van is also on trial for use where congested on-street parking 
presents a ladder-loading problem, and possibly elsewhere.

EFFICIENCY OF VEHICLE USE
Measurement of Vehicle Use
There are 2 statistical methods by which the use of the BPO 
telecommunications transport fleet is measured. The first is 
by observation of the use of each vehicle from examination 
of the vehicle log-sheet, from which serviceable-not-required 
(SNR) days are recorded. High SNR indicates that the 
vehicle spends much of its time immobile in the depot; this 
clearly shows under-use. Low SNR indicates that the vehicle 
spends much of its time out of the depot, but tells nothing 
about its use other than that. A more positive measurement 
is the relationship between ETG staff numbers and the fleet 
size, as staff-to-vehicle ratio is not affected by the location of 
the vehicle.

A committee, drawn from Regional and THQ staffs, has 
agreed on recommended staff-to-vehicle ratios and vehicle 
types for each defined occupational group. Thus, a compre­
hensive performance measurement is now in use throughout 
the business; this is known as the MT capital indicator, and 
compares outturn vehicle deployment with the recommended 

transport fleet, based on staff by occupation. The Capital 
indicator is calculated as

equated fleet, in standard vehicles 
recommended fleet, in standard vehicles 

where a standard vehicle is the cost equivalent of a 7 cwt 
van, compared on the basis of annual charges. The equated 
fleet is a measure of vehicles in service converted to standard 
vehicles, plus 8000 mile units of ETG private car mileage on 
official business at the standard repayment rate, and the 
recommended fleet is computed from a summation of the 
standard vehicles recommended for the ETG level for each 
occupation, plus an allowance for reserve vehicles.

The lower the capital indicator, the sounder is the capital 
investment in vehicles, the limit being where operational 
field performance starts to be adversely affected by lack of 
vehicles.

Cost Control Methods and Statistics
A comprehensive computer scheme to deal with all the main 
costing and control features of the BPO telecommunications 
transport fleet is due to be introduced by the BPO during 
1981. Statistics of SNR and related milcage analyses of all 
vehicles, compiled at first-line supervisor level, will be in­
corporated, including a management-by-exception assessment, 
which compares local outturns with average figures.

A field trial of another computer system, known as the 
stajj and transport analysis return (STAR) has been in progress 
for 4 years, and national implementation is currently planned. 
The STAR program relates the size and character of 
the fleet to the occupational groups, both in respect of deploy­
ment and MT capital indicator. To enable distributed ETG 
manpower figures to be used as a base, the computerization of 
the engineering staff tree (THQ Form 976) forms a major part 
of the scheme. Historical quarterly outturns are kept on file, 
so that performance trends may be observed and used as the 
base for staff and vehicle forecast projections, and to assist in 
estimating. Management by exception is also a feature of the

REGION ENGINEERING STAFF TREE AS AT (DATEI RAGE I

WORKS EXTERNAL

DISCRIPTIpNPC, COL NO GRAPE

I I an
I 2 |T2A|
I 2 (OTHER)

2 3 (Tt)
2 4 (T2A)
2 -I (OTHER)

3 5 (Tl)
3 6 (T2A)
3 6 (OTHER)

LABI ING INDLKIS
17 FOREMEN
35 HANDS

2 HANDS

RODDING AND CABLING IMAN PARTIES
2 FOREMEN
4 HANDS
0 HANDS

GENERAL PURPOSES PARTIES
5S FOREMEN

103 HANDS
6 HANDS

TOTAL STAFF COL I 6 238

SPECIALIST CAR Í II S

7 (Tl) 31
7 (OTHER) 28
8 (T I ) »

8 (OTHER) 7

4 (Tl) 18
9 (OTHER) 16

RODDING ANU C ABLING ’MAN 
RODDING AND I ABLING ’MAN 
ILL SIA AND PI FM Ll.V ’MAN. 
OVERHEAD
I EL SIA AND PLEM ELV 2MAN 
OVERHEAD
POLE ERECTION UNtl
POLE FRFCTION UNIT

TOTAL STAFF COL I 9 346

Fig. 14—Example of an engineering staff tree print-out (part) of 
the STAR Computer system
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1YPI (.01)1. CURRENT SiAND.ARD VLIIILLI
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I ( ABI ING IN Di’(. I ................................... •• I •• 15 2 .. •• .. lo .. .. .. .. .. I .. .. .. ..

2 RODDING AND CABLINE. .............................................................. 2................................... 2............................................................................................ "

I GENI RAL PURPOSl PARUES | ». • • .. ì l | .. «> 2 . ....................... 5 *• •• *• •• .............................. ........ ••

4 RODDING AND ( ABI INO .............................................. I • • ................................. • • •• .. •• 29 .. ♦ . •• ••

5 OVERHEAD PARI Y 2M \N ......................... I I......................................................................................................... «.............................

b POI IN(. PARIU S *. il.* I .. .. •• .. I .. .. ». •• •• .....................................

7 |ÖINII RS II IG2)

7 JOINIF RS(S|j il 202 .. *• I2B IX •• • « •• •• .. •• •• •• ». . .............................  •• .. .. ••

X ( ABI.! BALANI INC. .. • • • • .. • •.........................». • • I .. .. I *•..................................... ». .. -* .. ..

0 WORKS SUPERVISOR OS . .......................................................... .. .. .. J|......................... .............................................................. ....... ...........................

IO I S 11MA I ING I I AISON (JF I K I R 2 28 II •• •• •• . ................................* l •• . ...............................................................................................................

I2 BOX BLi: DING PAR I II S •• . .................................. I.........................................  .. «...........................  22........................... . .. .. ..

lì PLANNING AND ! STIMAI INI.
SIAII Fl H 2 •• .. •• • • .... Il................................................  .. .. . .........................

Note: The vehicle-type codes refer to the dominant vehicle-iype grouping currently in use in the field

Fig. 15—STAR computer system print-out of fleet deployment by occupational group

REGION AREA PRINT OF FORM A2595 COLS 1-5 + COLS 29—35 ONLY ON (DATE)

INDICATOR
REGION

ASSESSED GROUPS

EXTERNAL WORKS GROUP

OCCUPATIONAL GROUPS STAFF
RECOMMENDED
VEHICLE

STAFF/STANDARD
VEHICLE MULTIPLIER

STANDARD PRIVATE
VEHICLES CARS

EQUATED 
FLEET

RECOM­
MENDED
FLEET

CAPITAL 
AREA

1 CABLING IN DUCT 55 651 0.694 81.0 81.0 38.2 2.120

2 RODDING AND CABLING 3 6 651 0.926 9.0 9.0 5.6 1.612

3 GENERAL PURPOSE PARTIES 177 617 0.708 2083 208.3 125.3 1.662

4 RODDING AND CABLING 2 59 703 1.896 112.1 112.1 111.9 1.002

5 OVERHEAD PARTY 2 MAN 15 718+302 2 198 36.8 36.8 33.0 1.116

6 POLING PARTIES 34 735 4.773 159,1 159.1 162.3 .980

7 JOINTERS (T1 + T2 + OTHERS) 409 647+314 1.030 421.3

7 JOINTERS (ST) 34 302 1.000 592.9 .2 593.2 34.0 1.303

8 CABLE BALANCING 5 606 2.404 11.3 11.3 12,0 .940

9 WORKS SUPERVISOR 98 302 1.000 107.0 1.2 108.2 98.0 1.104

10 ESTIMATING LIAISON
OFFICER 46 615 1.183 56.8 .1 56.8 54.4 1.044

12 BOX BUILDING PARTIES 56 704 1,305 63.8 63.8 73.1 .873

19 PLANNING AND ESTIMATING 
STAFF 193 615 0.148 36.5 12.4 48.8 28.6 1.709

***• .****..,>****«**«**«•«•*•« »••**#»****••**•*• *•***•*» ......tt«i

EXTERNAL WORKS OVERALL 1187 1474.4 13.9 1488.3 1197,5 1,243

Note: The Regional capital indicator column is blank in this example because the print-out is a Regional summation

Fig. 16—Capital indicator print-out of the STAR computer system

STAR computer system. Occupational performance graphs, 
with average curves superimposed, are available under the 
scheme.

A typical engineering staff tree print-out section is given in 
Fig. 14; a fleet deployment print-out is given in Fig. 15, from 
which unsuitable vehicles per occupation can be seen with 
ease; Fig. 16 shows the capital-indicator print-out per occu­
pation; Fig. 17 shows the summary page, giving the overall 
capital indicator for the Region concerned. Typical occu­
pational staff-to-vehic!e ratio graphs are shown in Fig. 18. 
Graphical presentation of data will be based on the MT capital 
indicator when full implementation is achieved.

Provided that the tighter control given by the computer 
analyses is acted upon at local level and the vehicle-replace­
ment programme is pruned to eradicate unwanted vehicles 
(especially high-cost external-works units—see Fig. 1), the 

computer schemes will pay for themselves in the first year of 
operation. A saving of only 5% on the vehicle capital outlay 
is w'orth £1M per annum, and it is likely that this level of 
saving will be considerably exceeded.

FUEL SUPPLY CRISES
The efficient operation of a transport fleet as large as that of 
the BPO telecommunications business depends upon a ready 
supply of fuel. The fleet's dominant need is for commercial­
grade petrol, although the larger units use diesel, and some of 
the vehicular mechanical aids are powered by liquid petroleum 
gas (LPG). The use of LPG in smalt vehicles, as an alternative 
to petrol, is also in course of evaluation.

Optimum mileage per gallon is achieved by restricting fuel 
flow in carburettors but, at times of shortage in fuel supply,

264 POEEJ, Vol. 72, Jan. 1980



REGION AREA PRINT OF FORM A2595 COLS 1-5 + COLS 29-35 ONLY ON (DATE)

i**********»***********************.***«.**#*.*.***«..*****************.«**«*.*.*..».».».*.........*...«......

........ SUMMARY ********

OCCUPATIONAL GROUPS STAFF
STANDARD
VEHICLES

PRIVATE
CARS

EQUATED
FLEET

RECOM­
MENDED
FLEET

CAPITAL INDICATOR
AREA REGION

1 SECTION 1 PAGE 1 TOTALS 2642 2810.5 23.4 2834.0 2455.7

2 SECTION 1 PAGE 2 TOTALS 4221 2560.7 53.7 2614.4 2206.0

3 SECTION 1 TOTALS 6863 5371,2 77,1 5448.3 4661.7 1.169

4 RESERVE VEHICLES 289.8 279.7

5 TOTAL ASSESSED STAFF 
AND VEHICLES 6863 5661.0 62.7 5723.7 4941.4 1.158

6 TOTAL NON-ASSESSED
STAFF AND VEHICLES 806 11.0

7 RESERVE VEHICLE RATIO 18.5

8 GRAND TOTAL AND 
VEHICLES 7669

LONG TERM SICK AND SPECIAL LEAVE 0
TOTAL ADULTS IN POST AT 31st MARCH 7669
TOTAL VEHICLES COLS 6 TO 28 LINE 8 4366

OVERALL CAPITAL INDICATOR FOR REGION IS * 1.158 1

Fig. 17—Capital indicator summary page of ihe STAR computer system

AREA 'A' (.ROL F 19

14.50 .......
13.48 *
12 46 *
11.44 . *
10.41 *
939 ........
8.37 .
7.35 *. ................................... *

531
4.29
3.26

MTU YR 376 {,76 976 1276 777 67? 0 0 0 0

AREA B" (.ROUP 19

14 50
13.48
12.46
1 1.44
10,41
939
837
735 .........................

4.29
3.26

MTU YR 376 676 976 1276 377 677 0 0 0 0

AREA 'C GROUP 19

14.50 •
13.48 * ...... .

11 44 ■ •
10.41 •
939 . ...............
8.37
735 ............ .......................

5 31
4.29
3.26

MTH YR 376 676 97ii 1276 377 677 0 0 0 0

Legend:

*** Area ratio

• • Regional ratio

Note : A high-value stafl-to-vehicle ratio is generally considered to be good from the 
viewpoint of vehicle use

Fig. 18—StafT-to-vehicle ratio graphs of a given occupational 
group with Regional-average graph superimposed

there is a clear case not to increase the fuel consumption of 
the fleet, even though additional vehicles are brought on to 
strength. To achieve this, it becomes even more important to 
regulate the overall fleet size by means of tight control on 
the vehicle-replacement programme, especially as regards 
minimizing the size of the replacement types, and not replacing 
unwanted units. As shown in Fig. I, it is fortunate that the 
most likely vehicles not to require replacement are some of the 
larger units, which consume most fuel. This particular source 
of saving relates more to diesel than to petrol, but the principle 
of good housekeeping outlined in this article also leads to 
minimizing petrol consumption by limiting the size of the 
transport fleet.

The BPO is co-operating with the Greater London Council 
in the experimental use of 15 cwt electric-powered vehicles, 
both from the point of view of conserving fossil fuels, and 
minimizing environmental pollution.

The prime operating problem for electric vehicles is the 
strict range limit while operating permanently laden. How­
ever, there is a practical and economic problem in that none 
of the 300 (approximately) BPO telephone engineering centres 
have a power supply sufficient to charge more than about 
5 or 6 vehicles overnight, whereas about 200 vehicles are 
based at each depot. A large capital outlay to supplement the 
electricity supply is foreseen if a wholesale transition to 
electric vehicles occurs in the future. However, this may be a 
necessary price to pay in the 21st century to give flexibility in 
the production and use of energy,

CONCLUSION
Careful staff computation is the basis for assessing both the 
size and character of the BPO telecommunications transport 
fleet. Modern computerized methods are being introduced to 
help control this computation tightly, and to rationalize the 
fleet at Area, Regional, and national levels. Coincident with 
this strategic control, more work than ever before is being done 
to adapt a minimal number of standard vehicle types to meet 
the needs of al! specific occupations, while also standardizing 
the recommended tool and stores lists for each occupational 
group.
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The MOST Director
Part 1—System Outline, Technology and Call Routing

K. H. Cl RUN WELL and D. WALTO Nt

UDC 621,395.341.7: 621.382.3

Large-scale integrated-circuit technology has been used in the replacement of remaining common electro­
mechanical equipment in Strowger director exchanges, with the result that further reductions in maintenance 
costs and savings in space have been realized.

INTRODUCTION
The local-exchange metal-oxide-semiconductor-transistor 
(MOST) register-translator (Type-13 register-translator), 
referred to as the MOST director, provides facilities similar to 
those of the stored-program-contrpl (SPC) register-translator 
described in a previous article,1 but with an increased saving in 
space and a further reduction in maintenance costs. The 
A-digit selectors, directors, director routiners and local 
registers in the 243 director exchanges not equipped with 
SPC register-translators, will gradually be replaced by MOST 
directors. Unlike the SPC register-translator, the MOST 
director is not a processor-controlled system, but is similar in 
principle to the electromechanical register-translators used for 
controlling STD calls in non-director areas. It has registers in 
which the incoming dialled digits are stored, and a common 
translation store to which each register has access; the 
translation store is the only common part in the system. The 
reduction in size of the system has been achieved by extensive 
use of custom-built integrated circuits (ICs) using MOST 
4-phase dynamic logic. There are 24 custom-designed ICs in 
the system which, along with the system itself, were developed 
jointly by Pye TMC Ltd. and the British Post Office's Tele­
communications Development Department.

The physical design uses a modified form of Type-62 
equipment practice (designated T8316), which mounts on a 
standard I -37 m (4' 6") Strowger rack, allowing the MOST 
director to be fitted into any spare rack space in an existing 
exchange. A fully-equipped MOST director rack accommo­
dates 180 registers and all the associated common equipment, 
which means that most exchanges require only one rack. A 
general view of the equipment is shown in Fig. I.

The common equipment is accommodated in the three 
centre shelves, and includes:

(a) triplicated translation stores,
(b) translator control equipment,
(c) system monitor and routiner equipment, and
(d) a visual display unit.
A teleprinter is also provided, external to the rack, to record 

fault and routine information. Fig. 2 shows the control-and- 
monitor part of the rack.

A typical trunking arrangement at a director-area local 
exchange using the MOST director is shown in Fig. 3. The 
equipment interfaces with the existing exchange at the A- 
digit hunter grading, each register replacing an A-digit 
selector. A fully-equipped rack with 180 registers replaces up 
to 14 racks of electromechanical equipment which, assuming 
an average calling rate, means it can provide director facilities 
for up to three 10 000-line exchange units.

Fig. 1—MOST director rack

Fig, 2—Controi-and-monitor part of rack
f Telecommunications Development Department, Telecom­

munications Headquarters
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Fig. 3—Trunking diagram for a director-area local exchange with 
MOST director

SETTING-UP A CALL
An originating call seizes a first code-selector, which causes a 
free register in the MOST director to be seized via the A-digit 
hunter. Dial tone is returned to the caller from the register. 
The incoming pulse trains from the caller are detected and 
stored in the register. As each complete digit is received, it is 
compared with a stream of translation addresses being con­
stantly received by the register from the translator's cyclic 
store. When sufficient digits have been received for a com­
plete address comparison to be made (for example, the three 
code digits of a local director call), the register stores transla­
tion information which immediately follows the compared 
address in the translation stream. This information contains 
the sending program and the necessary routing digits. The 
sending program is in three parts:

(a) the number-length information, which indicates the 
total number of digits to be received ( for example, seven for a 
local director call),

(bi the omitted-digits information, which indicates the 
number of received digits not to be retransmitted (as a general 
example, the three code digits of a local director call are not 
retransmitted), and

(c) the outgoing inter-digital pause (IDP) information (for 
example, on local director calls, all transmitted digits are 
separated by an 800 ms I DP, except for the last routing digit 
which is followed by 950 ms I DP).

Following storage of this information, the register pulses-out 
the routing digits, followed by the digits from the caller 
indicated for retransmission in accordance with the sending 
program. Completion of sending results in release of the 
register from the first code-selector; the register, after clearing 
its internal digit stores, returns to the free state in readiness to 
route subsequent calls.

MOST TECHNOLOGY
The basic principles of the MOST device, and an indication of 
its uses, have been covered by a previous article2.

The MOST director uses 4-phase dynamic logic to achieve 
the lowest possible power dissipation and the largest number 
of transistors on each IC.

Fig. 4(g) shows a 4-phase inverter gate, known as a type-1 
gate. When <5, is at state 1,T the node capacitance, shown 
dashed as Cl, is charged via transistor TRI. This process is 
known as the precharge and repeats for every clock pulse. 

Transistor TR2 is turned on at the same time by rf>2 but has no 
significant effect at this point. When returns to state 0, 
transistor TRI turns off, but transistor TR2 remains on as 
is still at state 1.

With the input at state 1, transistor TR3 is on and, conse­
quently, the node capacitance discharges via transistors TR2 
and TR3 in series. When ^2 returns to state 0, Cl has dis­
charged and state 0 exists at the output; that is, the inverse of 
the input condition.

With the input at state 0, transistor TR3 is off and no path 
exists to discharge capacitor Cl. When <$2 returns to state 0, 
the output is at stale I as Cl has not discharged.

Fig. 4(6) shows a type-3 gate, which is identical in layout 
and operation to a type-1 gate but is driven by and clock 
pulses instead of <f>f and 62.

If a type-1 gate and a type-3 gate are connected together, 
they form a one-bit shift-register stage, in which the condition 
presented to the input is shifted to the output during one 
complete clock cycle. The operation of this circuit has been 
fully described in a previous article3.

The store IC (D4004) used in the MOST director is made up 
of such shift-register stages. A D4004 is a dual 800 bit shift­
register ; t hat is, it has 1600 shift stages. As each shift stage uses 
6 transistors, there are 9600 transistors on a silicon chip 
approximately 5 mm square.

The other two types of gate used in the MOST 4-phase 
technology are real-time inverters known as types 2 and 4, and 
are shown in Figs. 4(c) and 4(;/). These gates give an inversion 
in the logic level within a clock cycle: they do not introduce 
any delay. A type-2 gate is used to give an inversion between a 
type-1 gate and a type-3 gate, and a type-4 gale is used between 
a type-3 gate and a type-1 gate. These gates operate in a 
manner identical to that described above with reference to the 
connected clock supplies.

Fig. 5 illustrates the realization in 4-phase dynamic logic of 
an (A B)C function combined with a 1 bit shift and having 
two outputs, one of which is inverted.

It also shows a variation of the basic gate known as a 
twin-tee output (formed by transistors TRI, TR2, TR6 and 
TR7), applied to a type-1 gate. This type of output can also be

f Negative-logic notation is used in this article, with logic 0 equal 
to 0 V and logic I equal to —26-5 V (nominal)

Quiput

LOSIC SYMBOLS

(u) Type-1 (h) Type-3 (c) Type-2 (d) Type-4

d>,r. Clock-pulse train 
Fig. 4—Basic 4-phase gates
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I : OR function \ Conventional symbols as 
&: AND function / defined in BS 3939

Fig. 5—Typical 4-phase logic element

used with a type-3 gate, and is provided when two different 
types of gate are to be fed from the same output: in this case, a 
type-2 and type-3 gate.

Fig. 6 shows two typical gate combinations using the MOST 
4-phase dynamic logic. Fig. 6(a) is the basic shift register used 
extensively in the MOST director for storing information.

The circuit shown in Fig. 6(b) is built around the shift­
register circuit and is known as a one-shot circuit. It gives a 
fixed-lengt h output pulse provided that the input signal is longer

(i/J Basic shift register

(fr) One-shot circuit

Fig, 6—Common 4-phase logic circuits

than the required output. The number of shift-register stages 
in arm AB of the circuit determines the number of clock cycles 
for which the output is maintained. Assuming that the input 
goes from state 0 to state I, the output will go from state 0 to 
state 1, as point B is initially at stale 1 due to the action of the 
type-2 gate. After one clock cycle, the output goes to state 0 
when point B goes to state 0 (assuming there is only one shift 
stage in arm AB). This condition continues until the input 
signal is removed, whereupon point B returns to state 1 after 
one clock cycle, and (he circuit is ready then to receive 
another input.

In the MOST director, the circuits described are combined 
in various ICs to perform the necessary digit-storage and 
logic functions required by the system.

TRANSLATOR
The translator is an electrically-alterable dynamic shift­
register store containing program codes to control the routing 
of calls. The control information is continuously cycled and 
applied to data highways which feed the registers. As this 
information is vested with central control of the system (and 
thus of the outgoing section of an exchange), the following 
special precautions have been taken to ensure maximum 
reliability of the equipment.

(a) The entire unit is triplicated. The three translators arc 
identical and, apart from test patterns, contain the same infor­
mation. Each translator provides clock pulses and data on a 
primary highway for a maximum of 60 registers, and provides 
a secondary source of information for a second group of up to 
60 registers. Each translator can therefore supply two-thirds of 
all the registers. If two translators fail, only one-third of the 
registers will be out of service (See Fig. 7).

(b) Each translator takes its power from a separate —50 V 
section fuse, and has its own —26-5 V MOST supply unit.

(c) To prevent corruption or loss of stored data in the event 
of an exchange power-supply failure, or when removing the 
unit from the rack, a battery is included in each translator 
unit to power the MOST clock circuits immediately the power­
supply voltage falls below —23 -5 V. The battery is a stack of 
rechargeable nickel-cadmium cells, which arc trickle charged 
from clock phase and which are capable when fully 
charged of supplying the clock circuits for a minimum of 6 h.

(d) Each translator repeatedly checks the information 
stored within it, and compares its own data with the data

P: Primary highway

S: Secondary highway 

Fig. 7—Security of data
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stored in each of the other two units. Any corruption of the 
data can thus be detected by all three units. Under certain 
conditions, an error in a translation word can be automatically 
corrected. To check the stored data, 8 bit sum-check codes are 
incorporated as part of the data format. A translator word is

Fig, 8—Translator unit, showing a store card remoyed for main­
tenance

used only if the sum-check is found to be correct. The data is 
compared bit-by-bit with the data from the other two trans­
lators. If a disparity is detected, a two-out-of-three majority 
decision is used to select the correct data bit before it is 
applied to the data highway.

Fig, 8 is a general view of a translator, and Fig. 9 shows the 
function of a translator unit in block-diagram form.

Clock-pulse Generation and Synchronization
The MOST ICs in the system require four clock signals. 
These are produced by IC D4O06 and have a nominal frequency 
of 345-6 kHz. A similar set of waveforms is generated in each 
translator.

The waveforms are generated from a 2-7648 MHz crystal 
oscillator which feeds IC D4006. Each clock cycle consists of 
16 periods, each of which is one half-cycle of the basic- 
oscillator signal. The waveforms produced arc shown in 
Fig. 10. The four phases from IC D4006 are taken to discrete­
component drivers to provide the clock signals for the rest of 
the translator unit.

Synchronizing clocks

Differential 
on {put-data 

highway

hom one other 
translator

translator control 
unit

Fig. 9—Block diagram of translator
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Fig. 11—Clock-highway waveforms

A second set of clock waveforms, used by the storage ICs, 
is produced by dividing the fast clocks by 10, giving a 
frequency of 34 ■ 56 kHz. These are identified as <0 ,, O2,O3 and 
$4-

Clock pulses j-^4, as well as driving the logic in their home 
translator, arc fed to one-third of the system's registers as a 
primary supply, and to another one-third as a stand-by supply; 
they also feed other control units. To give better noise immunity 
and to reduce the amount of rack cabling, only ¿j and 
^3 arc transmitted over a balanced clock-highway. Each unit 
thus receives c/>[ and <^3 and derives from them its own and 
^4. The clock-highway output is provided in a coded form as 
a differential (current) switched output. Fig. I I shows the 
basic output waveform and its relationship with the and <¡63 
clocks.

Since the three translator units must be kept independent of 
each other, the three sets of clocks will be unrelated and, due 
to component tolerances, will be running at slightly different 
speeds. However, since the three units have to pass data be­
tween each other, it is essential that their clock systems run 
at the same speed and are in phase with each other. This 
synchronization is achieved by feeding the clock to the 
other translators.

Store Structure
The store structure is illustrated in Fig. 12. The store consists 
of a matrix of two-hundred 800 bit MOST shift-registers, 
effectively forming one large shift-register with a single 
recirculating loop. The maximum length of the store is 2000 
words (160 000 bit). Two of these shift-registers are contained 
in each D4004 IC.

TABLE 1
Double-Marker Word Format

<---------------------------------------------- ------------------- 80 bit ----------
IF: Binary 14
A": Binary 15 

COS: Class of service

Note 1 Time-out can lake any value between 2 and 15 (in binary form), each value representing a step of 1 -42 s

Note 2 COS 1-3 can take any value between I and 10 (in binary form)

COS I: Ordinary line 
COS 2: Public coin-collecting box 
COS 3: Renter’s coin-collecting box

Note 3 See Table 3
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TABLE 2
Normal Data-Word Format

80 bit

NL: Number length 
ODP: Oniit-digits program 

T: Translation digit 
J-F: Address digits

TABLE 3

Highway Test Patterns

Highway/T ranslator
Bit

Hexadecimal 
Equivalent

51 52 53 54 55 56 57 58

1 1 0 1 0 1 0 0 0 51
2 0 1 1 1 0 0 0 0 W-
3 1 1 0 0 0 1 0 0 32

The store is divided into 20 sections of 100 words each. 
Each section is selected in turn and its contents read out onto 
a common highway before the next section is selected. Each 
section is made up of 10 recirculating shift-registers of 800 bit 
each. These operate in parallel using the 34-56 kHz store 
clocks The parallel mode is used because MOST ICs 
dissipate power only at each transition of the clock wave­
forms; therefore, the power consumption is proportional to 
the clock frequency. This method allows up to 100 store ICs to 
operate at one-tenth of the power they would consume if 
operated in the serial mode. At each store cycle, one bit is 
extracted from each of the 10 shift-registers. These bits are 
read into a parallel-to-serial converter (IC D4025), which 
converts them into a 10 bit serial word at the speed of the fast 
clocks. When data is to be written into the store, it is sent 
serially at fast clock rate to a D4005 IC which converts each 
group of 10 bit into parallel form so that one bit can be 
loaded into each of the 10 parallel shift-registers (D4004 ICs).

The data held in the store is grouped into words each of 
80 bit. The formats of the data words are shown in Tables 1 
and 2. The double-marker format is used forthe first word in the 
store only, and the normal formal is used for all other words. 
Information contained in these words is discussed more fully 
later. The highway test pattern must be different for each 
translator, as shown in Table 3.

Store Synchronization
Each translator continuously compares its own data with the 
data stored in the other two. To do this, the three stores must 
all be synchronized so that corresponding store locations are 
available at the same time. Since the three translators are 
independent, they will not naturally be in synchronism but 
must be pulled together. This is performed by the D4007 IC, 
which can cause the store-clock cycle to be increased (o It bit. 
This has the effect of slowing down the store by 1 bit/store- 
clock-cycle without disturbing the data in the store.

All three translators have lamps to indicate when they are 
out of synchronism.

Data Checking
The data extracted from the store is taken to the D4008 IC, 
which checks the data, compares it with the data from the other 
stores, and generates error messages. A signal is also produced 
if the cheek digits of the word are found to be incorrect.

Each word in al) three streams of data is compared. 
Normally, all three words will be identical and no errors will 
have been found. In this case, D4OO8 IC accepts the data 
derived from its own store. If any errors arc indicated, or if 
the three words arc not identical, then IC D4O08 chooses 
whichever one appears most likely to be correct, and transmits 
an error message to the D4009 IC, which reports the event to a 
system monitor. In this way, any corruption of the data in one 
store can be detected, and is prevented from interfering with the 
rest of the system.

Under certain circumstances, it is possible for incorrect data 
in the store to be corrected automatically.

REGISTER
In the idle state, the register is receiving the data and clock, 
highways from two translators. The primary highways arc 
examined and, if no error is detected, these are used to 
enable the register. If an error is detected on either the primary 
clock or data highway, then a change-over signal is generated 
and the secondary highways are used. During initial powering- 
up, highway change-over or manual reset, a monostable 
circuit busies the register to prevent seizure.

Clock pulses and ^3 are reproduced directly from the 
clock highway. Waveform <^2 is generated by switching the 
<^2 signal to slate 1 ( — 18 V) with and switching it to siate 0 
(0 V) with <^3. Waveform is similarly produced: on with 
and off with

Data being received on the data highway is similarly con­
verted to logic levels, and consists of a serial stream of upto 
two-thousand 80 bit words. One of these, the double marker, 
has two 10 bit prefixes all at state 1. These are used to 
synchronize the receiving logic.

The double-marker word contains a time-out value, class- 
of-service information and a highway test pattern, as shown in 
Table I. The time-out value can be set from 2 - 84 s to 21 • 3 s in 
steps of I -42 s. If the delay between incoming digits exceeds 
this programmed value, a forced-release is initiated. The value 
stored in each class-of-service location is used only if the 
register receives that particular class of service on its class-of- 
service input leads. It then inserts this programmed value at 
the end of a marked translation to indicate the class of service 
to an operator. The highway test pattern indicates lo the 
register the translator from which the data was derived.
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On detection of the doubie marker, and on condition that 
the error-detecting code sum-check (the last 8 bit of the word) 
agrees with the internally-generated code, the time-out and 
class-of-service information are stored.

The remainder of the data words have the format shown in 
Table 2; this consists of an address code, digits to indicate the 
number length, the number of digits to be omitted and the 
sending program to be selected, a translation code and an 8 bit 
sum-check code. In the idle state, a separate sum-check is 
generated for each data word received for comparison with 
the sum-check received from the translator. If two consecutive 
data words have incorrect sum-checks, a highway change-over 
signal is generated to select the secondary highway.

Seizure
Opto-electronic couplers are used to isolate - 50 V line 
signals from the MOST logic levels. An anti-bounce circuit 
monitors the seizure conditions, and successful detection of 
these results in the connexion of dial tone.

Pulsing-In
Pulses arc received in the form of breaks in an earth condition 
on an input lead. Each break period is converted into the state 
0 condition. A break has to be present continuously for 5 ms 
to be recognized. The detection of the first break pulse causes 
dial tone to be disconnected.

Subsequent break pulses are detected and counted until a 
make period of longer than 150 ms is received; this is recog­
nized as an I DP. The count of pulses is then stored as a 
complete digit. Subsequent digits are stored in a similar 
manner.

If the IDP exceeds the time-out value stored from the 
double-marker word, a forced-release condition is applied to 
the first code-selector.

Comparison
The address code contained in each of the 1999 words (all 
words except the double marker) on the data highway is 
compared with the incoming code digits as they are trans­
ferred into the store. Stored (data-highway) address codes are 
terminated in digit X (binary 15) unless they consist of the 
maximum 6 digits.

Comparison between the stored incoming digits and the 
translation address-codes is commenced from the first double 
marker following the receipt of the first stored digit. Compari­
son ceases on any store cycle when either a partial or complete 
comparison is achieved.

A partial comparison occurs when the stored digit(s) agrees 
with the comparable digits in the translation address-code but 
the subsequent digit in the translation address-code is not X. 
This is applicable only to the first 5 digits, as a full comparison 
must exist after the receipt of 6 digits.

A complete comparison occurs when the stored digit(s) 
agree with the comparable digits in the translation address-

TABLE 4
Code Expansion

Store Location Address Code

(0 23 XX
00 2344 A-
(m) 2345A"
00 234 .¥
(v) 2X

Digit(s) Received Result of Comparison

2 Partial at (?)
23 Partial at (?)

234 Partial at (ii)
2345 Complete at (Ui)

or 2346 Complete al (/r)
or 24 Complete at (v)

code, and the subsequent digit in the translation address-code 
is X,

This method of comparison allows code expansion to be 
achieved with the use of one extra store location for each 
expansion. For example, to expand the code 234 to route 
codes 2344 and 2345, the address codes would be written in the 
store as shown in Table 4.

The 2X location would normally have a blank translation, 
which is recognized by the register as a spare code. This 
facility is used to obviate writing-in all the unused codes. 
(If the register recognizes two double markers without having 
a comparison of either type, a forced release is initiated).

Following complete comparison, the number length, omit- 
digits program, sending program and translation digits 
associated with compared address are stored. The register 
starts to pulse-out as soon as the translation has been stored in 
accordance with these instructions.

CONCLUSION
This article has described the design principles and main 
traffic-handling aspects of the system; Part 2 will describe the 
built-in fault-reporting, maintenance and call-accounting 
facilities, the traffic-metering and state-of-call information 
systems, and the methods of loading translation information.
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Institution of Post Office Electrical Engineers
General Secretary; Mr R. E, Farr, THQ/NP9.S.4, Room S 04, River Plate House, Finsbury Circus, London EC2M 7LY; Tel. 01-432 1954 
(Membership and other local enquiries should be directed to the appropriate Local-Centre Secretary as listed in the Oct. 1979 issue)

THE FEDERATION OF TELECOMMUNICATIONS 
ENGINEERS OF THE EUROPEAN COMMUNITY 
(FITCE)
The modified proposals for the terms of IPOEE association 
with FITCE, referred to in the October 1979 issue of the 
Journal, were endorsed by a special meeting of Council in 
August 1979 and subsequently presented to the FITCE 
Executive Committee at a meeting in Dublin.

In essence these proposals are that;
(a) IPOEE Members of EE level (and those listed as 

equivalent in Rule 5.1a) and above shall be eligible to join 
FITCE without the need for a personal qualification during a 
period of six months following the agreement of the terms of 
IPOEE entry by the FITCE General Assembly, After the 
expiry of this period, any such member wishing to join FITCE 
would need an appropriate university or equivalent qualifica­
tion.

(6) IPOEE Members of AEE level (and those listed as 

equivalent in Rule 5.1b) and Affiliated Members would only 
be eligible to join FITCE if they have an appropriate qualifi­
cation.

(c) IPOEE will define the qualifications to be considered as 
equivalent to a university degree for FITCE purposes; for 
example, membership of an appropriate professional institu­
tion.

As expected, representatives of some other national associa­
tions voiced the'ir concern at the prospect of IPOEE members 
being allowed to join FITCE without the prescribed university 
or equivalent qualification, but the Executive Committee 
nevertheless agreed that each member national association 
should consider the proposals and report acceptance or 
otherwise at the next meeting.

The IPOEE must now await a response from the FITCE 
Executive Committee.

R. E. Farr
Secretary

Notes and Comments

CORRESPONDENCE
Northern Ireland Postal and 
Telecommunications Board 

Dear Sir,
I have read with interest the Presidential Message on page 73 

of the July issue of the Journal on the future of engineering in 
the British Post Office, but was disappointed not to see 
reference to external professional qualifications as awarded by 
the Council of Engineering Institutions and its constituent 
bodies. Perhaps the President could expand on this point.

Younger graduate engineers view with some concern the 
increasing standards and changing requirements of the 
Institution of Electrical Engineers, particularly the apparent 
emphasis on “innovation” as a prerequisite for membership.

The role of the Technician Engineers Institutions is another 
area for discussion, particularly as this style of qualification is 
relatively new.

The application to join the Federation of Telecommunica­
tions Engineersof the European Community (FITCE), reported 
in the same issue of the Journal by the Secretary of this 
Institution, is also affected by the external view of engineering 
professionalism within the BPO. A senior FITCE member 
explained to me some years ago that the lack of general 
academic qualification standards for ranks within the BPO 
could preclude a blanket offer of membership, irrespective of 
the proven ability of individual BPO employees.

The extent to which an engineering post includes the 
opportunity to carry responsibility and gain experience 
qualifying for corporate membership of a chartered institu­
tion or FITCE is perhaps the least of BPO worries as restruc­
turing is considered, but members of this Institution should be 
interested in this topic and this Journal could provide a 
discussion forum away from the hurly-burly of the industrial­
relations market place.

Yours faithfully,
A. D. Gowdy

The President replies: I have read Mr. Gowdy’s letter with 
interest and he raises some important issues. In my message, I 
referred to the continuing need for a sound professional 
approach to our engineering work and, in principle, I 
strongly support the establishment and maintenance of 
professional standards and ethics through membership of 
the appropriate institutions. In my view it is one of the re­
sponsibilities of middle and senior professional engineers to 
provide the supervision and guidance necessary for their 
younger colleagues to achieve corporate membership of their 
institution.

Mr. Gowdy expresses concern at the rising standards 
required of younger graduates. We need to be cautious about 
suggestions that might reverse this trend. We live in a world of 
rapidly growing complexity and Britain is trying to secure an 
increased share of trade in an highly competitive world 
market, much of which depends on high technology. For our 
efforts to be successful depends on many factors, but not 
least is the skill and professionalism of our engineers. The 
standards we have set in the UK in the past have tended to 
lag behind those set in some other countries in Europe, so I 
do not feci we can be complacent.

As members of this Institution will know, there is at present 
an enquiry into the engineering profession under way, and its 
Chairman, Sir Monty Finneston, is due to publish his report 
very soon. With this report imminent I think it would be 
inappropriate for me to comment in detail, but 1 shall be very- 
surprised if the report suggests any diminution of standards of 
professional education and qualification. “Success through 
excellence” would be an appropriate motto for the engineering 
profession, the British Post Office and, indeed, the country.

Yours faithfully,
J, S. Whyte
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Publication of Correspondence
The Board of Editors would like to publish correspondence on 
engineering,technical or other aspects of articles published in 
the Journal, or on related topics. Letters of sufficient interest 
will be published under Notes and Comments.

Letters intended for publication should be sent to the 
Managing Editor, The Post Office Electrical Engineers’ 
Journal, NE/P12, Room S 08, River Plate House, Finsbury 
Circus, London EC2M 7LY.

POST OFFICE TELECOMMUNICATIONS 
MUSEUM
As reported in the last issue of the Journal, the new Post Office 
Telecommunications Museum is to include an archives section. 
To this end, the curator is seeking copies of IPOEE printed 
papers (“Red Papers”). The particular papers missing from 
his collection arc numbers 22 24, 26-28, 30 33, 35 47, 50-56, 
58-59, 62, 64, 66-68, 71, 75-76, 81, 84, 86-89, 91-95, 99, 104, 
106, 126, 149 -151, 164 and 209. Anyone having copies of 
these papers which they would be willing to donate to the 
museum should contact the curator on 01-622 2378 before 
sending them.

CONTRIBUTIONS TO THE JOURNAL
Contributions to the POEEJare always welcome. In particular, 
the Board of Editors would like to reaffirm its desire to 
continue to receive contributions from Regions and Areas, 
and from those Headquarters departments that are tradi­
tionally modest about their work.

Anyone who feels that he or she could contribute an 
article (short or long) of technical, managerial or general 
interest to engineers in the Post Office is invited to contact the 
Managing Editor at the address given below. The editors will 
always be pleased to give advice and try to arrange for help 
with the preparation of an article, if needed.

Guidance for Authors
Some guiding notes are available to authors to help them 
prepare manuscripts of Journal articles in a way that will 
assist in securing uniformity of presentation, simplify the 
work of the Journal’s editors, printer and illustrators, and help 
ensure (hat authors’ wishes are easily interpreted. Any author 
preparing an article is invited to write to the Managing 
Editor, at the address given below, to obtain a copy.

All contributions to the Journal, including those for 
Associate Section Notes, must be typed, with double spacing 
between lines, on one side only of each sheet of paper.

As a guide, there are about 750 words to a page, allowing 
for illustrations, and the average length of an article is about 6 
pages, although shorter articles arc welcome. Contributions 
should preferably be illustrated by photographs, diagrams or 
sketches. Each circuit diagram or sketch should be drawn on 
a separate sheet of paper; neat sketches are al! that is required. 
Photographs should be clear and sharply focused. Prints 
should preferably be glossy and should be unmounted, any 
notes or captions being written on a separate sheet of paper. 
Good colour prints and slides can be accepted for black-and- 
white reproduction. Negatives are not required.

It is important that approval for publication is given at 
organizational level 5 (that is, at General Manager/Regional' 
Controller/THQ Head of Division level) and authors should 
seek approval, through supervising officers if appropriate, 
before submitting manuscripts.

Contributions should be sent to the Managing Editor, The 
Post Office Electrical Engineers' Journal, NE. P12, Room S 08, 
River Plate House, Finsbury Circus, London EC2M 7LY.

APOLOGY
On behalf of the printers, the Board of Editors wishes to 
apologize for the quality of reproduction of the October 
1979 issue, which fell below the standard which it is aimed to 
achieve.

The Associate Section National Committee Report
MEETINGS
Since the annual conference, two meetings of the National 
Executive Committee have been held. In addition, the Chair­
man, Treasurer and Secretary met the Secretary of the 
Institution, Mr. R. Farr. This was a very useful meeting and 
the topics discussed included the financial state of the National 
Committee, the lack of support for the papers’ awards, the 
certificate of registration, insurance, revision of Telecommuni­
cations Instruction M2 F0010, non-affi bated centres and the 
Technician Education Council.

NATIONAL TECHNICAL QUIZ
The draw for the 1979. 80 technical quiz is as follows:

First Second Semi­
Round Round Final Final

North West)
Wales and >---------------------)

The Marches) i-------------------
South West j

The final will take place at the Institution of Electrical 
Engineers, Savoy Place, London on 25 April 1980 when the 
Bray, E. W. Fudge and Cotswold trophies will be presented. 
The guest of honour will be Mr. R. E. G. Back, Senior 
Director of the Network Executive.

TECHNICAL VISITS ABROAD
It has become apparent that some centres, and certainly 
individuals, make visits abroad during which they visit 
establishments of technical interest. It was suggested at ihc 
recent Regional Liaison Officers’ conference that the National 
Committee Visits Secretary should compile a directory of 
contacts so that information would be available for those 
wishing to make such visits in the future. Therefore, if you 
have had an interesting visit of a technical nature, please 
contact Joe Anning, EIMI, Telephone Exchange, Westhill 
Road, Torquay, Devon TQ1 4NT, or telephone 0803 35113, 
and give him any information available.

London)__________
Scotland J :

South East)___________  
North East j____________ '

I
Northern) k-----------------

Midlands) Ireland I_
East k-------------------- I I

J J

ITEMS FOR SALE
I have been asked to announce once again those items that 
are available for purchase. The items normally available are 
key fobs, lapel badges, car stickers, ties, diaries and honorary 
membership scrolls.

It has been suggested that the design of the tie should be 
updated, and this will be discussed at the annual conference.

M, E. Dibden
Secretary
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Associate Section Note
EDINBURGH CENTRE
The programme for the 1978-79 session has now been com­
pleted and the talks and visits which were arranged by the 
Centre were well attended.

The session opened with our annual golf outing to West 
Linton. This event is very successful each year, and members 
enjoy themselves while competing for our two trophies. A 
visit to the Global Seismology Department of the Institute of 
Geological Studies in Edinburgh included a talk on the 
department's work and equipment. As all the data was 
recorded on a computer, we were able to see print-outs showing 
details of recent earthquakes around the world.

On a visit to the Mine Rescue Station at Coatbridge, all 
aspects of mine safety and rescue equipment were explained to 
the members present. Members combined with the Aberdeen 
and Dundee centres for a talk on System X, given at Perth by a 
member of staff from Telecommunications Headquarters.

Another visit was to Surgeons’ Hall in Edinburgh, where 
specimens, beautifully preserved and displayed, of many 
types of ailments were seen.

This year, the quiz team was unfortunately beaten by 
Inverness in a close contest in the first round. In future, quiz 
teams in the Region will be competing for a Regional Trophy.

A. Johnstone

Forthcoming Conferences

Further details can be obtained from the conference depart­
ment of the organizing body.

Institution of Electrical Engineers, Savoy Place, London 
WC2R OBL. Telephone: 01-240 1871

Submarine Telecommunications Systems
26-29 February 1980
The Institution of Electrical Engineers, London

Communications 80: Communications Equipment and
Systems
15 18 April 1980
National Exhibition Centre, Birmingham

Secretariat 1980 International Zurich Seminar, Miss D. Hugg, 
Dept. ENF, BBC Brown, Boveri and Co. Ltd., CH-540! 
Baden, Switzerland. Telephone: 4-41-56-299038.

International Zurich Seminar on Digital Communications 
(Digital Transmission in Wireless Systems)
4-6 March 1980
Swiss Federal Institute of Technology
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Let Herman Smith supply 
your Equipment 

Practice 
requirements
The British Post Office, in conjunction with the 

teiecommumcation equipment manufacturers, have 
developed a new racking system for transmission 
and other equipment applications.

This is to replace existing 62 Type practice, 
which Herman Smith have manufactured for many 
years. It will house equipment in very sophisticated 
miniaturised forms and will offer a far greater 
packing density.

Herman Smith on their part will manufacture the 
metalwork for this new type of racking and supply 
any company or public body.

The company has full and adequate facilities to 
make and inspect this equipment-both the rack 
and the incorporated shelves-to the 
exacting requirements.

At present, the company is 
supplying 62 Type wired assemblies 
and racks to the Post Office and is 
fully approved for Post Office manufacture and 
also to 05/24 M.O.D. standards.

Cabinets and sheetmetal fabrications can be 
made to customers' special requirements.

Enquiries to Peter Bowen,

HERMAN SMITH LIMITED
Cinder Bank Works 
Netherton, Dudley 
West Midlands DY2 9AH 
Telephone: Dudley 52791
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Good Morning
It's the cbwn of the digital 80's from GEC 

Telecommunications. Now with a total network 
capability in digital transmission systems up to 
140 Mbit/s; microwave radio systems, coaxial-cable 
and optical-fibre line systems and a complete range 
of digital multiplex.

Versatile business communications 
systems, including P A.B.X.'s from 4 to over 5,000 
lines using digital switching and stored programme 
control.

The dawn of digital technology from 
GEC Telecommunications.., make an early start.

Telecommunications
GEC Telecommunications Limited, 

PO. Box 53, Coventry CV31HJ England.
A Management Company of 

The General Elect ne Company Limited of England, cca

»» ¡uBi

See us on Stand 472, Hall 4.
GENEVA 20-26 SEPTEMBER
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