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1.2 Traffic Routing. Two fundamental characteristics of telephone traffic must be taken into

SECTION IV.

1. INTRODUCTION.

1.1 The switching plan described in this Section establighes the basic layout and functional

design of the national telephone system for its economic development with extending
mechanisation., It is upon the basic structure of the switching plan that the numbering
and charging plans are developed. These three elements, in combination, define the
national plan,

An automatic telephone system is characterised by the need for speech chamels, within
and between exchanges and for use by all subscribers, in sufficient numbers for calls to
be made with a reascnable probability of success at first attempt.

The realisation of such a service, economically, and on a nation-wide scale, has been

made possible by technical developments in telecomminications. These intlude exchange

switching equipment performing automatically all the functions of the present local
exchange and manually operated trunk service with call charging; coaxial cable and
microwave radio transmission systems; and rapid dialling and signalling systems for the
eatablishment and supervision of calls.

Since the form of the plan and the functional performance of the system equipment are
inseparable elements, both these aspects are discussed in setting out the fundamental
plan, The basic technical requirements specified leave maximim room for the adoption of
new and improved equipment and systems, as the art advances. Im preparing the detailed
design specifications, incorporating the basic technical requirements, there will be
adequate definition of the essential conditions for direct inter-working between existing
and new plant,

In the future national telephone system, the trunk and local networks will lose much of
their individual identity., The extension of subscriber dialling to the trunk system and
increasing application of electronic equipment in local networks are two factors which will
cauge this increased similarity. The switching plan will advance the integratien of the
local and trunk networks by the use of similar switching and signalling techniques.,

The present service, which has two million telephones connected, handles nearly four
million calls a day. The calls not complsted within the local exchanges ars routed over
either extensive metropclitan networks of inter—exchange circuits or the trunk line
network of more than 16,000 channels, some of which exceed 2,000 miles in length.

The operator-controlled trunk system has been mechanised to a considerable extent.

Operators can now dial over trunk lines directly to subscribers connected to most of the
automatic exchanges throughout Australia. The basic routing arrangements which have already
been developed in this network will be suitable, with some modification, for subscriber
trunk dialling,

account in the design of an automatic switching system to carry the traffic load in ihe
most economical manmer. These are i—

(i) The higher efficiency of large groups of circuits., For groups of circuits
providing the same grade of service, the average traffic carried by each circuit
increases with the size of the group. As an example, Fig. 1 shows this increase
in efficiency for groups providing a grade of service of 1 in 50.

(ii) The diminishing returns from the provision of exira circuits, In the came of a
route offered a fized amount of traffic, if circuits are added one by one, each
circuit will contribute a diminishing amount to the traffic carrying capacity of
the group. This characteristic is illustrated in Fig. 2 which shows the
incremental traffic carried by a group of circuits, offered 10 Erlang of traffic,
with the addition of each circuit. It will be seen that the later circuits whick
must be provided, if the grade of service on this group is to be good, are very
inefficient. In the example shawn, 17 circuits would be required to give & grade
of service of approximately 1 lost call in 100 and the 17th circuit provided
would only give an increment of ,09 Erlang in the total traffic carried by the
group.
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JECTION Iv.

Considering characteristic (i), the application of automatic switching equipment atb
intermediate points in a multi~link connection, in place of manual operators, has made it
practicable to reduce the setting up time of connections and improve circuit occupancy.
It has also resulted in the building up of larger groups of trunks between these points,
by combining traffic for various destinations, thereby further increasing average circuit
efficiency.

As a development-in the application of automatic techniques, modern switching equipment
with its greater flexibility and speed allows the principle of automatic alternative
routing to be employed with advantage. This gives the opportunity for alternative choiceg
to be made in the routing of calls, not only at the originating exchange, but at all the
intermediate points on multi-link connections. Traffic is first offered to the most
direct cirouit to the destination exchange, but, if an "all circuit busy" condition is
met the call is routed by alternate paths, By this means, the number of routes which must
be provided with inefficient "last choice" trunks is greatly reduced. On many routes,
circuits are provided for traffic loading only to the point where the remaining traffic is
carried more economically over the available alternate routes.

Automatic alternative routing thereby provides a means of securing the most economical
bandling of traffic by counteracting the condition of the diminishing return described in
(1i) above, and by combining residual traffic into larger and more efficient groups.

Alternate routing improves the performance of the switching system in other ways. It
takes advantage of the fact that peaks of traffic within the busy hour or even complete
busy hours may not coincide for different routes. Pedk traffic overflow from different
groups to the same alternate route may not therefore ocour simultaneously. Also, if
there is a breakdown on a route, alternative routing gives some protection to the service,

2. THE SWITCHING NETWORK.

2.1 In Section I, it was shown that the bulk of Australia's population is concentrated in the
cities and regions located on or ¢lose to the eastern and southern coastline, The
telephone traffic is similarly concentrated in these areas. However, the remainder of
the population is widely dispersed and it is necessary to provide service to all parts of
the continent. The national switching plan, therefore, establishes an optimum traffic
routing pattern for inter-exchange connections.

Important questions of the size and location of subscribers' local exchanges, line
reticulation and telephone facilities, are related but separate considerations. The
local line standards established however, influence the transmission design objective
specified for the inter—exchange network. The range of telephone facilities and services
provided for the public affect the detailed design of the switching system equipment, In
the switching plan described in this Section, the factors relating solely to the economic
provision of local exchange services are not discussed,

2.2 The Basic Network of Final Routes. The foundation of the switching plan is the network of
final routes. This network inter-connects all exchanges. The final routes are shown by
full lines in Fig. 3, and are defined as routes for which no later choice alternate
routes are provided. They are equipped with sufficient circuits to-ensure that there is
only a small probability of lost calls for the traffic offered in the busy hours, thus
controlling the overall system grade of service, Because they are generally large groups,
the average efficiency of their circuits is high. -

2.3 The Classification of Switching Centres., The switching centres must be classified so that
tandem connections are made in a systematic manner, This ensures that the design maximum
for the number of links which may be connected in tandem, imposed by switching and
transmission considerations, will never be exceeded. It also enables the permissible
transmission losses to be assigned to individual routes so that satisfactory performance
can be given on multi-link connections.,
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P 3




e it';

1CY .

Lnts,
ircuit |

nent

3
Ed

shoiceg
L the

b i

is

sh must |

28,
ffic ig

cal
bed in

it
lete
rent

£
ervice,

n the

+ of

wts of -

fic

1.
ive
yrvices
1w, In
sonomic

vork of
swn by

E

sre is
thus
groups,

so that
maximum

ble
Tmance

SEOTTON IV.

In Australia, with its great distances and particular distribution of population, five
classes of switching centre are used in order to take the fullest advantage of the automatic
switching system using alternate routing. The centres are classified according to their
position in the final route pattern with respect to centres of lesser order. The
classification applies to all exchanges, whether located in metropolitan or country
networks, and has no relationship to the number of subscribers' lines comnected.

Phe classifications of switching centres, with the standard symbols employed, are shom
in Pig. 3 and are defined thus :-

A Terminal Exchange is an exchange which performs no through-switching of
inter~exchange circuits.

A Minor Switching Centre switches the final routes for Terminal exchanges only.

A Secondary Switching Centre switches the final routes for Minor switching centres and
also, if required, Terminal exchanges.

A Primary Switching Centre switches the final routes for Secondary switching centres
and also, if required, Minor switching centres and Terminal exchanges.

A Main Switching Centre switches the final routes for Primary switching centres and
also, if required; Secondary switching centres, Minor switching centres and Terminal
exchanges,

In referring to the final route connection of an exchange, through its parent switching
centre, to the Main switching centre, the term "Final Route Chain" or "Final Chain" is used.

The basic switching plan for the Commonwealth as defined by the network of final routes and
the classification of switching centres has been prepared. The classification of the
principal switching centres and their final route inter-connection are shown schematically
in Appendix I. The Appendix also contains the reference numbers of the switching plan for
each State as at specified dates.

In each State, one city is designated as the main trunk cenire. The areas served by the
main centres, as determined after investigation, are showm in Fig. 6. The areas do not
co—incide with State boundaries in all cases. Neither do they coincide completely with the
A digit allocations shown in Section II, Fig. 1. This result arises from the different
basic objectives governing the design of the numbering and switching sections of the plan.
Exact correlation is not necessary, since the plan specifies a register—controlled switching
system, in which numbering and routing functions may be separated when required.

In Section II it was shown that the basic network on which Numbering Plan Areas would
generally be developed is the Secondary Switching Network. A typical example is shown
in Fig. 5.

The relationship between the switching plan and the grouping of exchanges into zones for
the call charging system, as discussed in Section III, is another factor in the design of
the overall plan,

As with the allocation of the A, B and C digits in fthe numbering plan, the upper level
classifications in the switching plan are expected to be relatively stable for a long period.
The major trurk routes are provided between these centres which are located in the principal
cities.

The maximum number of links which may be connected together ultimately will be nine, This
will occur on terminal to terminal calls using the final routing shown by the full lines in
Fig. 3. In the early stage of implementation, the maximum number of links may exceed the
planned limit. Tandem connection of two Main to Main links will be used in some cases
until channel provision is adequate for a mesh of final routes to be established
interconnecting all Main switching centres.

In practice, connections involving the maximum number of links will be extremely rare since
most of the trunk traffic terminates within 100 miles and because direct routes will be
tried at many switching centres involved in such a commection before the call is connected
over the final chain,
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SECTION IV.

2.4 Barly-choice Routes. Buperimposed on the system of final routes is a network of

2.5 Control of Alternate Routing. The routing of traffic throughout the network of

early-choice routes., An early-choice route igs one for which one or more alternate
routes are provided. It provides a preferred direct link between any two centres, which
can carry a portion of the traffic offered more economically than the alternate Toutes. E
The number of channels provided on such routes is determined by economic considerations.
The optimum division of the offered traffic between a direct and alternate route occurs
where the cost of handling marginal amounts of the offered traffic on either direct or
alternate routes is equal,

Examples of early-choice routes are shown by dotted lines in Fig. 3.

3. ESTABLISHMENT OF MULTI-LINK CONNECTIONS.

3.1 The development of the national automatic felephone system with closed numbering and a

early-ckoice and final routes will be automatically controlled by the switching
equipment so that :—

(1) Calls cannot be routed over one link more than once during the establishment
of a connection.
(1i) The design maximum of nine links is not exceeded.
iii) The transmission loss assigned to early-choice circuits may be as high as
possible, within the limits set by the transmission plan,

To achieve this control, the following conditions will be applied :-

(1) At each switching centre, encountered in setting up a call, early-choice
routes will be tested in order for a free outlet commencing with the most
direct route, before a call is offered to the final route.

(ii) Calls originating in one final route chain and switched to another will then
only be switched to exchanges of lower classification in that chain ~ they
will not be switched to centres of higher classification, or to a third
chain,

An example of the posgible alternate routes for a call between Albury and Wagga, two
large centres in Few South Wales, is shown in Fig, 4. The diagram shows their relative
geographical position and the order in which the outgoing routes are tested at each
switching centre.

multi-link intercomecting system employing alternate routing can only be accomplished
efficiently by the application of "register-controlled” switching equipment.

Switching systems may be considered in two broad categories i-—

(i) direct-pulsing systems
(ii) register—controlled systems.
Y

Direct-pulsing systems are based on the principle that selection of an outlet at each
stage of switching is made as each digit is dialled by a subscriber. Numbering and
routing are, therefore, mutually dependent. The greater the number of switching points
encountered in the routing of a call, the greater the number of digits which would need
to be dialled by a subseriber. The national plan could not be implemented using the
direct-pulsing switching principle exclusively.

Register-controlled systems allow the routing and numbering to be substantially
independent. However, even with such systems there are advantages to be gained by a
systematic allocation of numbers. The register is a control device which is associasted
with the connection only during the setting up of a call. It is interposed between the
subscriber's dial and the routing selectors. It stores the digits dialled and translates
the dialled information into the form required for the connection to be established. The
number dialled need only define the destination, the register-translator supplies the
information on how best to reach that destination from its own particular location. By
using this switching principle simple closed numbering can therefore be used with the
type of switching plan described,
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SECTION IV.

Register—controlled switching equipment will be used for the development of the future
telephone system., There are many methods of register control, however, and the general
specification of the preferred method and of the associated signalling system is as
follows.

3,2 Method of Register Control. More than one register will be used in the setting up of a
typical comnection. A register at the originating exchange, or its parent switching
centre, will control the setting up of the comnection. It will store the number dialled
and will transmit digits on demand from registers at other switching cenires involved in
the connection. Registers at these centres will call, by special signals, for sufficient
digits to allow only their centre's part, in the setting up of the comnection, to be
performed. At intermediate switching centres on long distance calls these digits will
usually be the ABC digits of the national number. Finally, a centre will be reached from
which the switching of the call can be completed. A register at this centre may signal
for the called subscriber's number from the originating register, or the code receivers
in the terminal exchange switching stages may call for the digits from the controlling
register,

3.3 Signalling, With the type of register control described above some post~dialling delay
may be experienced on calls which traverse a number of links. However, in the pasi,
subscriber-controlled automatic service in Australia has been provided by direct operating
switching equipment. Consequently, the public is unaccustomed to posti-dialling delay.
High speed signalling and switching will be employed with the register—controlled system
in both the junction and trunk network to reduce the post-dialling delay to a minimum and
go avoid unfavourable comparison between existing and new equipment.

Reduction in the setting up time also means less time during which expensive plant is held .
unprofitably and, in some cases, a reduction in the amount of common equipment which must
be provided.

In the future register—controlled switching system, the inter—exchange signalling functions
will be performed by two separate but complementary signalling systems.

3,3.1 Line Signalling. Certain signals are transmitted and received by the individual line
relay sets and are not controlled by the common equipment which is temporarily
engaged during the setting up of a connection.

Examples of signals of this type will be :-

seizure signalj answer signalj
clear forward signalj clear back signaly
release guard signalj blocking signal.

It will be possible to use many existing types of line signalling systems to provide
line signals, Direct current, 50 c/s, in-band voice frequency signalling using
suitable freguencies, and out-of-band signalling systems, will all find application
in the future network.

3.3.2 Information Signalling. These are the signals exchanged between the common
equipments which are temporarily engaged during setting up of a connection.

Multi~-frequency code signalling has been selected as the most suitable method for
high speed transfer of the information signals in the forward direction., With this
signalling method transfer of information at a speed of approximately ten digits

per second can be achieved. Each multi-frequency code will consist of two frequencies
enabling the signalling to be self-checking and very reliable, Sixz frequencies in
combination are used for forward signals, giving ten codes to represent the decimal
digits and five auxiliary codes,

It is clear that multi-frequency codes are required also for backward signals if an
indication of terminating conditions is to be provided. Different frequencies will
be used, for forward and backward signals so that simultaneous transmission may occur.

Page 7.
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SECTION IV.

3.3.3 Dial Pulsing. Although press button sending devices may ultimately be provided
generally with the subscriber's instrument, enabling high speed code signalling to
be used, for many years the dial will be the standard signalling device. Dial
pulses will therefore be received by the exchange equipment from subscribers!
telephones. The existing exchanges which have been developed with direct operating
equipment will continue to use dial pulse inter-exchange signalling until economieg.
in plant provision, or restrictions in numbering flexibility, make desirable the
provision of a more flexible first stage switch. The exchange concerned will then
participate directly in the high speed network.

New Terminal exchanges in the country may also transfer dialled information to theiy
parent centres by means of dial pulsing for simplicity in the design of these
normally unattended exchanges.,

A considerable amount of trunk signalling equipment designed for dial pulsing is
already available. Some of this equipment may find application in providing the
"line signalling" function described in 3.3.71 or for the dial pulsing requirement
between Terminals and their parents., It is possible also that whilst the major
networks are predeminantly using dial pulse signalling, early choice routes to thenm
may be satisfactorily equipped with the existing dial pulse signalling equipment,

Fig. 7 shows typical connections between country and metropolitan Fumbering Plan
Areas. The signalling on each link, the metering pulse transmission and the
incorporation of new, modified and existing exchanges in the metropolitan networks
are indicated.

4. TRANSMISSION.

4.1 General. Present transmission limits, namely, the overall transmission 1imit, the local
transmission limits, amd the trunk transmission limits, provide for a standard of
transmission between subscribers which is consistent with that in use in other countries
and, in particular, with the recommendations of the C.C.I.T.T. for national sending and
receiving transmission objectives. The proposal to introduce automatic switching in the
trunk network on a widespread scale, ultimately under the control of the subscriber's
dial, has necessitated a re—examination of the trunk portion of the transmission plan.

There are two reasons for this. In the first place, the use of alternate routing and the
possibility of as many as nine or ten links in tandem will give rise to transmission 5
problems. Subscribers may obtain successive calls even to the same destination over
varying numbers of channels. Transmission planning must provide satisfactory and comparable
transmission on all calls. In the second place, since under conditions of subscriber trumk
dialling there will be no operator to act as a buffer between the subscriber and the trwik
network, it will be necessary to take steps in the engineering plant to reduce the
probability of a subscriber encountering an unsatisfactory comnection. This will be done
by increased use of automatic test and control units but will also involve changes in the
transmission plan.

The ideal would be to operate all circuits as zero links since this would make the
transmission level independent of the number of links connected. However, to emsure
stability of connections and to prevent the unacceptable echo conditions that could arise
due to the long distances involved in Australia, all higher—order circuits will be
designed to have small attenuation.

Satisfactory stability and echo performance depends to a large extent on the achievement
of a relatively high return loss where 4-wire circuits convert to 2-wire circuits and at
2-wire switching offices, It is expected that adequate performance can be achieved in
three ways :—

(i) insertion of attenuators between subscribers! lines and 4-wire amplified
circuits (stability pad switching)
(ii; impedance matching and correction of 2-wire circuits to nominal 600 ohms, and
(iii) provision of precision balances, associated with some 2-wire circuits,
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SECTION IV.

The detailed make-up of the new transmission plan now being prepared for the trunk
network will require the availability of suitable switching facilities which must provide
discrimination in switching stability pads and level-adjusting pads.

At transit switching points, true 4-wire switching is preferred. At some lower-order
transit switching points the most economical initial switching scheme may be 2-wire while
later developments may render 4-wire switching preferable. The initial equipment
installation should be sufficiently flexible to allow this change to be made with the
minimum of inconvenience.

To ensure satisfactory transmission the plan will specify certain objectives to control -

(i) overall attenuation (iv) echo
(ii) noise (v) crosstalk
(iii) stability (vi) distortion.

4.2 Design Basis. The new trunk transmission plan will provide for small losses in each high
order link in the trunk network. Switching pads would be brought into each connection as
required, Individual link attenuation rather than overall built up connection attenuation
will be specified.

In the development of the Australian iransmission plan for the trunk network, due regard

is being taken of the need to provide for inter-connection of the Australian network by
submarine cables to the networks of other countries. Australia is participating in the work
now being done in establishing new standards for the inter-continental network. The
Australian transmission plan will be kept compatible with the international recommendations.,

Echo suppressors will be required on most international commections. They are unlikely to
be necessary on the national network, but their exceptional use on a few very long
interstate routes may need to be considered in the light of future experience.

Noise, croestalk and distortion limits are all recommended by the C.C.I.T.T., and
Australian standards will be comparable with these recommendations.

5. SUMMARY.

5.1 Summarised, the Australian switching plan provides for :—

% Extensive use of the principle of alternate routing.

¥ Barly choice routes, on which the number of circuits provided is determined by
economics.

% A back-bone system of final routes which are engineered to achieve a geod overall
grade of service.

* Switching centres classified as Main, Primary, Secondary, Minor and Terminal.

¥ Maximum multi-link connection of nine links ultimately.

* Registqr-control of switching, with high-speed multi-frequency codes used for
transfer of information.

It has the following features :-

* Achieves the most economical use of plant;

¥ Ensures a satisfactory standard of transmission on all callsj

*

Avoids excemsive post—dialling delay on calls routed over multi-link connections.,

Page 9.




SECTION IV.
APPENDIX I.
CLASSIFICATION OF PRINCIPAL SWITCHING CENTRES IN AUSTRALIA
The final route pattern interconnecting these centres 1s shown.
NEW SOUTH WALES (See Drawing CP50 for detail)
AT /S@NEY\\__‘
// —
1 ’ 1 !
Lismore Tamworth Newcastle Lithgow
PRIMARY
Orange Canberra Wagga
{ r |
Murwillumbah Glen Innes ¥acksville ¥uidgee
Kyogle Inverell Kempsey Rylstone
Casino Armidale Wauchope Bathurst
Grafton Quirindi Taree
SECONDARY | Coff'!s Harbour Gunnedah Muswellbrook
Narrabri Singleton
Moree ¥aitland
Coonamble Goulburn Gosford Young
Dubbo Yass Windsor Temora
Wellington Cooma Penrith West Wyalong
Cowra Bega Campbelltown Griffith
Forbes Bowral . Narrandera
Parkes Wollongong
Nyngan Rowra
Moruya
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SECTION TV,

APPENDIX I.
VICTORIA (See Drawing CP52 for detail)
MATV MELBOURNE“‘*—-______N_______u-__
|\
I T i I 1 1
Geelong Hamilton |Ballarat Horsham Mildura
PRIMARY
Bendigo Shepparton Wangaratta Morwell
l I l I l
Colac Portland Ararat Hopetoun Ouyen
Camperdown St. Arnaud
Warrnambool Maryborough
SECONDARY Castlemaine Numirkah =~ Prankston Alvury (N.S.W.)  Maffra
Echuca Dandenong Myrtleford Bairnsdale
Charlton Lilydale Orbost
Kerang Korumburra
Swan Hill Warragul
Deniliquin (N.S.W.) Kyneton
Seymour

Page 12.




ale

SECTION IV,

APPENDIX T.

QUEENSLAND (See Drawing CP54 for detail)

MATN

./'//r—"/"’”;’) MSBW

PRIMARY

T T

1
Cairns Townsville Rockhampton Maryborough

Roma Kingaroy

Toowoomba l Warwick l

SECONDARY

I l I i

Mareeba Cloncurry Longreach Bundaberg
Atherton Hughenden Emerald Gayndah
Innisfail Ingham Mackay
Biloela
Gladstone

Charlesville
Miles

Goondiwindi
Stanthorpe

Qakey Gympie

Dalby Nambour
Caboolture
Gatton
Ipswich
Beenleigh
Beaudesert
Southport

Murgon
Nanango

SOUTH AUSTRALIA (See Drawing CP56 for detail)

////’—?MEMDEN

PRIMARY

I | ! ]
Port Lincoln Port Augusta Kadina Berri

Tailem Bend l

Naracoorte

SECONDARY

i |
Streaky Bay Gladstone

Ceduna

i
Maitland Wakkerie

Yorketomn

Loxton

Peterborough

Bordertown

Burra

Clare

Pt. Pirie
Balaklava
Gawler
Nuriocotpa
¥+, Barker
McLaren Vale
Kingscote
Darwin

Mt. Gambier

Alice Springs

Broken Hill
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APPENDIX I.

WESTERN AUSTRALIA (See Drawing CP58 for detail)

MAIN PERTH\\
—
Mullewa Northam Bunbury
PRIMARY
Merredin I l Katanning
I | I
Geraldton Wongan Hills Busselton
Meekatharra Wyalkatchem Bridgetown
SECONDARY Morawa York
Kalgoorlie Carnamah Narrogin
Bruce Rock Moora Wagin
Pinjarra Albany
TASMANTA (See Drawing CP60 for detail )]
MATN /LAUNCESTON \
PRIMARY Hobart Burnie
Oatlands Devonport Smithton
SECONDARY Norfolk Deloraine Queenstown
Huonville Scottsdale
St. Marys
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TELEPHONE TRAFFIC

SECTION IY
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SECTION IV
ROUTING PATTERN

LEGEND

MAIN CENTRE

IMARY CENTRE
TRUNK @ PRIN
®
O

SWITCHING S ARY CENTRE
CENTRES ECONDAR

MINOR CENTRE

TERMINAL

FINAL TRUNK GROUP

- - TYPICAL HIGH USAGE TRUNK GROUP.

FIGURE 3.




MELBOURNE

EXAMPLE OF ALTERNATE ROUTING
CALL FROM ALBURY (N.S.W.) TO WAGGA (N.S.W.)

NOTE : FIGURES SHOWN THUS D> INDICATE THE
ORDER IN WHICH THE ROUTES ARE TESTED
AT EACH SWITCHING CENTRE ON THIS CALL.

SECTION I¥

FIGURE 4.



SECONDARY SWITCHING CENTRE

MINOR SWITCHING CENTRE

SCALE OF MILES

“ES TRAFFIC (LOCAL & TRUNK)
ING IN THE SECONDARY AREA
SSED AS A PERCENTAGE OF
AL ORIGINATED TRAFFIC

SECTION ¥

VICTORIA — AUTOMATIC TRUNK SWITCHING PLAN
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