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This Issue in Brief

Artemis, An Experimental Electronic Telephone
Exchange—Equipped initially with 800 lines,
the experimental telephone exchange, Artemis,
was installed in the plant of Le Matériel Télé-
phonique in Boulogne to serve as a private
branch exchange for that company and as an
integrated part of the Paris public telephone
network. It uses sealed reed contacts with
remanent magnetic latching. Supervision is by
programs permanently stored in a multiregister
that provides centralized control. Only for re-
liability, the multiregister is duplicated.

The recorded programs provide for and recog-
nize the different needs of the extensions of the
private branch exchange and of the lines of
the public network. They also provide for inter-
connection with other types of switching sys-
tems found in the Paris network.

Each multiregister is capable of controlling the
entire exchange. As it cannot wait for the rela-
tively slow operations of switching and sig-
nalling, it directs various electronic circuits to
handle these functions and report back when
they have been accomplished.

Microminiature High-Frequency Transmitter-
Receiver—A mobile radio transmitter-receiver
is described that operates between 2 and 30
megahertz for voice modulation with either
single sideband or carrier and double sideband.
The basic unit produces 7 watts for transmis-
sion, and amplifiers to increase this to 100 or
400 watts are available.

A frequency-generating unit produces a 4-
megahertz wave from a temperature-controlled
quartz crystal. By multiplication and by division
it produces 28 megahertz and 1 megahertz for
heterodyning, and 10 kilohertz as a reference
frequency. Inductance-capacitance oscillators
produce any desired frequency between 11 and
35 megahertz. This frequency is acted on by
an adjustable frequency divider to give 10 kilo-
hertz, which is compared with the 10 kilohertz
derived from the crystal oscillator to produce
an error signal to stabilize an inductance-
capacitance oscillator.
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The adjustable frequency divider converts the
sine-wave input from the controlled oscillator
into square-wave pulses that are counted in a
binary chain. When all the stages in the binary
chain assume the 0 or 1 values established by
the frequency controls that set the divider ratio,
an output pulse is produced, the chain is reset
to zero, and a new count starts. These output
pulses will then be at the 10-kilohertz frequency.

Varactors, voltage-controlled diode capacitors,
are used to tune a single set of circuits that
couple the antenna either to the receiver or the
transmitter. They are also used for the con-
trolled oscillators so that tuning is accomplished
with control voltages between 10 and 100 volts.

Design of Medium-Speed Data Transmission
Systems—Measurements and computations were
employed to develop design principles for
medium-speed data systems.

The logical assumption that errors would in-
crease when the receive level falls below a
certain threshold was confirmed. More errors

occur when using switched connections than for

leased connections. Noise disturbances tend to
be of short duration and produce single errors
independent of the signalling speed whereas
transmission interruptions are usually of longer
duration, the number of errors increasing with
signalling speed.

Parity bits, even 2 per character, are inadequate
but the use of a signal quality detector will
improve detection of multiple errors. However,
better protection is obtained with row-and-
column checking. Cyclic codes for checking
produce less redundancy and can provide any
desired degree of protection. They are suitable
for blocks of 100 or more bits but not for a
single character of fewer than 10 bits. Blocks of
250 bits are not suitable for very short mes-
sages. For typical national toll connections with
duplex operation over loops of normal propaga-
tion time, a block of 240 bits provides a reason-
able compromise. Such a block can be protected
by only 12 check bits in a cyclic code but would
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need 4 times as many for row-and-column
methods and 6 times as many on a per-character
basis. The sequential numbering of blocks en-
sures their acceptance in proper order.

GH 205 and GH 206 Medium-Speed Data Sys-
tems—The GH 205 (both-way) and GH 206
(either-way) data transmission systems em-
ploy automatic error detection and correction
techniques. They are capable of operating at
speeds up to 1200 bauds with a variety of input/
output devices.

Transmission is in blocks of 256 bits of which
240 represent information content, 12 are for
protective redundancy, and 4 are service bits.
The cyclic coding uses a protective polynomial
of X*2 + X"+ X?4 1 to give an average im-
provement factor of 15 000.

These systems are compatible with the modem
interface recommendations of the International
Telegraph and Telephone Consultative Com-
mittee (CCITT). They have been operated
over a wide variety of national and interna-
tional circuits including satellite links.

Pulse Code Modulation for Automatic Switching
of a Military Network—A military tactical tele-
phone network should permit combat-zone units
to be automatically interconnected regardless
of their location or partial destruction of the
network.

Pulse code modulation permits useful commu-
nication with a signal-to-noise ratio of only 10
decibels, a substantial improvement over analog
transmission. The use of wide-band transmis-
sion highways with time-division channels al-
lows very rapid signalling.

A mesh network in which each exchange is
connected to several adjacent exchanges is used.
A call placed through one exchange is trans-
mitted to all other exchanges connected to the
originating exchange. Each receiving exchange
compares the called number with all of the
numbers connected to it, which are written in
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This Issue in Brief

an electronic memory. If the number is found
in the memory, a reply goes back over the path
through which the call was received and the
connection is made. Otherwise, the exchange
that does not have the called number sends it
on to all other exchanges connected to it. In
this way a call propagates throughout the en-
tire network until it reaches the exchange serv-
ing the called line. A breakdown in any part
of the network will be bypassed, thus insuring
service under conditions of network damage.
In a network of useful size, about 200 calls can
be processed per second so that blocking is not
important despite the many paths over which
each call is sent to find the destination.

Numbers may be assigned to any exchange as
they do not signify a direction from another
calling exchange. They need only be written in
the electronic memory of the exchange to be
available for service.

Entraide Networks Combined with Link Systems

—A link system with entraide is one in
which some outlets from a given switching
stage are connected to inlets of the same stage
or of a preceding stage. If no direct path is
available from the inlet of a matrix to a de-
sired outlet, the entraide connection permits a
path to be found through usable inlets and
outlets in another matrix of that stage.

A practical example is given of such a stage
with its geometric arrangement and the path
hunting rules. The equations for dimensioning
such networks are given. Calculations involve
traffic handled without entraide assistance,
overflow requiring entraide, all possible paths
with and without entraide, and final blocking
limits. Estimates are required for some of these
factors.

To check on the calculations, a roulette model
of simulating traffic used a pseudo-random
number generator to establish independent
call attempts and releases. Confidence inter-
vals were determined by Student’s ¢ distribu-
tion. Tables of the results of the simulation
confirm the practicability of the calculations.
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This lIssue in Brief

Potentialities of an Integrated Digital Network
—The article reviews very briefly the technical
basis, performance, economic gains, and general
feasibility of a comprehensive network based
on the class of digital transmission established
by the introduction of pulse code modulation.
It is shown that such a network is attractive,
not only for telephony, but also for data, text
transmission, and other non-voice modes. A
background is provided for subsequent discus-
sion in greater depth of the various aspects of
a theme that is likely to become increasingly
important.

Dispersed Telecommunication Network Struc-
ture—The dispersed telecommunication system
outlined permits telephone and other exchanges
including concentrators to be located con-
veniently to the subscribers being served by
them. These exchanges are controlled by com-
puters remotely located and much fewer in
number so the computers can be economically
large. Where convenient, small computers may
serve the exchanges and be served themselves
by the larger computers.

Although a computer may serve several ex-
changes, each exchange will be connected to
two or more computers to provide for reliabil-
ity of service. The alternative computers will
be sufficiently well informed to permit one of
them to complete the functions of the operating
computer in case it fails. The use of large com-
puters will permit the operation and organiza-
tion of the networks to be homogeneous while
the techniques used for implementation are
heterogeneous.

Data links using digital transmission will inter-
connect computers and exchanges to handle
all supervisory and control traffic. The amount
of digital supervisory traffic is well within the
present-day data transmission capabilities.

Call Routing Strategies in Telecommunication
Networks—An attempt is made to classify dif-
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ferent strategies that could be used for routing
calls through a communication network. This
classification involves the stochastic nature of
the strategies, their time dependence, range of
action, network occupation dependence, cost,
and quality dependence. Optimization criteria
are then discussed in terms of traffic handling
capacity, blocking requirements, and sensitivity
to overload.

A comparison is made between several routing
strategies in a very simple communication nét-
work. The results obtained by simulation are
compared with approximate calculations.

Propagation in Periodically Deformed Circular
and Rectangular Waveguides—Traveling-wave
tubes must employ waveguides capable of prop-
agating a wave having a phase velocity sub-
stantially less than the velocity of plane waves
in vacuum. For such a guide, one wishes to
know the phase velocities and electron beam
interaction impedances of the various waves
associated with each mode of propagation.
These quantitites must, in general, be derived
from a field analysis of each type of structure.

Although few mathematically tractable general
methods exist for the analysis of periodic wave-

.guides, such a method is developed by the

author for the case where the guide wall is a
periodic surface of revolution. This method is
given in detail as it applies to a circular guide
with a sinusoidally rippling wall, and approxi-
mate relevant velocity and impedance equations
are derived from the field expressions obtained.

Approximate field expressions, based on a
perturbation technique, are also given for a
periodic guide of rectangular section. Particu-
larly simple expressions are obtained for phase
velocity and impedance, and the method may
be applied to any rectangular waveguide mode.
This guide, particularly, offers promise of use-
fulness for certain wide-band power traveling-
wave amplifiers.
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Artemis, An Experimental Electronic Telephone Exchange

J. DUQUESNE

Centre National d’Etudes des Télécommunications; Paris, France
G. LE STRAT
A. REGNIER

Le Matériel Téléphonique; Paris, France

1. Introduction

Artemis is an experimental telephone exchange,
of the space-division type and with electronic
control, developed by Le Matériel Téléphonique
under the sponsorship of Socotel (Société mixte
pour le développement de la technique de la
Commutation dans le domaine des Télécom-
munications), which organization includes the
French Telecommunications Administration and
the main French manufacturers of telephone
switching equipment,

The use of crosspoints with sealed contacts and
magnetic latching as well as centralized control
with stored program, called a “multiregister,”
in duplicate for reliability, are the two principal
technical characteristics. The multiregisters
were derived from those that the CNET (Cen-
tre National d’Etudes des Télécommunications,
Département Recherche sur les Machines Elec-
troniques), studied for the experimental ex-
change, Socrates. They were developed and
manufactured by the Socotel Common Labora-
tory at Lannion. The switching network, elec-
tronic assemblies, programming of the multi-
registers, installation of the exchange, and
testing of the whole were the responsibility of
Le Matériel Téléphonique.

Equipped in the first phase with 800 subscrib-
ers’ lines, the Artemis automatic exchange is
intended to serve the internal traffic of the
facilities of Le Matériel Téléphonique at Bou-
logne. This use as a private exchange has the
advantage of actual operation on important sub-
scriber traffic of a design conceived for public
exchanges of up to 30000 lines. To study the
problems of interconnecting an electronic-con-
trolled exchange with existing networks, during
an experimental phase, the private exchange
will serve as a part of the public exchange, being
given a prefix of 3 digits similar to other ex-
changes of the Paris network. The subscribers
of this test network will then be able to call
the telephone network of Paris or be called
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through it with 7-digit numbers and communi-
cate in both directions with the national network
with 10-digit numbers.

In practice, the functions of the private and pub-
lic exchanges are mingled and their subscribers
are connected to the same switching network.
The multiregisters possess two sets of programs,
one corresponding to the public exchange and
the other to the private exchange. According
to the category of the calling subscriber or of
the incoming junction, the multiregisters iden-
tify the kind of service required, either public
or private, and initiate the corresponding pro-
gram.

2, Description of the Exchange

2.1 GENERAL STRUCTURE

Artemis comprises two main sets of apparatus,
the switching network and the multiregisters.
The fundamental role of the switching network
is to ensure the metallic connection between a
subscriber’s line and the junctors; the multi-
registers perform the functions of control, regis-
tering of the called number, translation, and
charging.

It is not advisable to concentrate all the control
functions of the exchange in the multiregisters.
The connection of a subscriber to a junctor,
for example, requires 1 or 2 milliseconds
whereas the operating speed of the multiregis-
ters is so much faster that they should not
be held for this length of time. Buffer registers
receive orders from the multiregister to control
the operation of the crosspoints and report back
to the multiregister that the order has been
correctly carried out.

Other functions are carried out by electronic
circuits associated with the switching network.
To establish a connection inside the network
it is necessary to check the availability of the
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Artemis, Experimental Electronic Exchange

network links. This link availability information
could be kept in memory in the multiregisters,
but this entails two difficulties. The first is that
the multiregisters each handle different calls.
Having established or released a connection,
each multiregister would have to supply this
information to the other multiregister, which
would entail considerable traffic between the
two multiregisters. The second difficulty in

TO DISTANT
SUBSCRIBER CIRCUIT OFFICES

| 1

SWITCHING NETWORK JUN&ITOR

Reed relays Reed relays
Magnetic latching Electrical holding
3-wire switches (10 X 10) Transfluxor test points

——

CONTROL UNIT SCANNER/
{Duplicated, alternate operation) DISTRIBUTOR
(One per multiregister)
Test of junctors
Rapid distribution

on junctors

Junctor scanning
(Under the control of

Line scanning
Path searching and testing
Crosspoint operation
Command of relays in

the junctors

the muitiregister)

MULTIREGISTER
(Duplicated, paraliel operation)

Analysis of the subscriber's
class of service

Reception of subscriber's dialling

Directory number «—s equip-
ment number

Call routing

Metering

Digit reception from
incoming- junctor

Digit transmission.through
outgoing jrnctor

h

A

TELE-
PRINTER CONSOLE

Figure 1—General arrangement of Artemis exchange.

keeping link availabilities in memory is due
to the accidental mismatching that can occur
between the real condition of the network and
the condition of the memory. The solution
chosen has been to assign to the switching net-
work the function of testing for link availabili-
ties, then to add to the two speech wires a third
wire the function of which will be discussed
later.

Figure 1 shows the broad structure of Artemis
and the distribution of functions among the
different units.

2.2 MULTIREGISTER

2.2.1 Mewmories

There are three different kinds of memories in
the multiregisters.

(A) A semipermanent memory of woven cores
is provided for the stored program. This mem-
ory has a capacity of 4096 words of 32 bits.
Each word contains a “directive,” itself made
up of three orders, 01, 02, and 03 (see Figure
2). Each order uses 8 bits providing for 256
different orders. In addition to the 3 orders the
directive comprises a code .S of 3 bits; this code
is followed by a sign and indicates the address
step to be performed in passing to the following
directive. This step has an amplitude between
—7 and +7 and can be made conditional if the
directive contains one or more test orders. The
3 orders of a directive are always performed in
sequence during 40 microseconds of which 16
microseconds are for the address progression,
the extraction of the directive, and the different
controls, and 8 microseconds are for each of the
3 orders.

(B) A temporary memory uses ferrite cores to
be read by coincidence of currents. Its capacity
is also 4096 words of 32 bits and the cycling

24 28

L o1 02

34
03 s Iil PARITY j

Figure 2—Constitution of a 32-bit word of the semipermanent memory of the multiregister.
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time is 5 microseconds. This memory has two
different uses; the first half records temporary
information concerning communications being
established or released, information on super-
vision of established communications, and cer-
tain tables. The second half is for certain pro-
grams; such as for testing, diagnosing, and
programming. These programs are introduced
and retained only for the time they are re-
quired. This part of the memory is protected
against erasure while the programs are being
executed.

(C) A magnetic drum memory of 16 384 words
of 32 binary elements, which has a mean time
of access of 10 milliseconds, holds all the infor-
mation that it is not economical to put into the
core memory. Here are found mainly the sub-
scribers’ classes of service, subscribers’ meters,
routing tables, and abbreviated numbering. It
is never necessary to have very rapid access
to this bulky information. The magnetic drum
also stores the special programs mentioned in
(B) that are read from temporary memory ac-
cording to need. Lastly the drum contains a
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duplicate of all the information necessary for
the automatic restarting of the multiregister
after trouble by a simple reading from the drum
of the necessary information.

222 Logic

All the memories are designed for words of 32
bits. Traffic with peripheral equipment, such as
the control unit of the network and the ex-
plorer, is by 32-bit words in parallel. As shown
in Figure 3, the multiregister has a set of
transfer bus bars for parallel transmission of
32 bits via the memory registers L and R for
the temporary memory and I for the drum or
between these registers and the peripheral equip-
ment. The arithmetic block at the left comprises
mainly 3 registers, X, ¥, and Z, and circuits
allowing partial erasure, shifts, and arithmetic
operations to be carried out on the content of
these registers. This arithmetic block does not
manipulate complete words of 32 bits, but only
blocks of 10 bits for which appropriate bus
bars are provided.

ELECTRICAL COMMUNICATION

SWITCHING SCANNER-
NETWORK DISTRIBUTOR
ARITHMET CONTROL
ETIC INDIVIDUAL 1
BLOCK TELE- MEMORIES
REGISTERS PRINTER BUS BAR, 32 BITS IN PARALLEL
gk AND KEYS : 3 REGISTER
M
BUS BAR | 10 BITS IN PARALLEL
»
Y A A
ORDINAL
COUNTER FUNCTION REGISTER REGISTER REGISTER REGISTER REGISTER REGISTER

w DECODER A L y3 c I K

DIRECTIVE v
REGISTER

' | CLOCK | } <

HIGH- SPEED HIGH-SPEED : . >
| PERMANENT TEMPORARY MAGNETIC DRUM MEMORY
MEMORY, ¢ ™ MEMORY, 16 384 WORDS

4096 WORDS 4096 WORDS

Figure 3—Logic of the multiregister.
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Artemis, Experimental Electronic Exchange

The magnetic drum is directed by two regis-
ters: register K gives the number of the track
among 128 and register C gives the angular
address, also among 128. The temporary mem-
ory is directed by register 4 of 9 bits. As a
complete address of the temporary memory re-
quires 12 bits, the 3 complementary bits are
given by the order. In other words, it can be
said that for the execution of an order of mem-
ory reading or writing, the A register desig-
nates a sector of 8 words and the order makes
precise the word of this sector. This very sim-
plified system of indexing is very convenient,
considering the problems to be treated in an
automatic exchange, For each communication
in use a zone of 8 consecutive memory words is
reserved (each such zone is called a “register”).
During the initial assignment of a register, its
address is written into the A register, which
then acts as index register for the orders for
reading or writing words in the register.

The program is advanced by an ordinal counter
W, containing at each instant the address of the
next directive, which address is in a semi-
permanent or temporary memory. Each direc-
tive requires that 3 orders be carried out se-
quentially. However, the sequence of the
directives is very flexible, the code .S of Figure
2 allows a sequence from —7 to +7 conditional
on the directive containing at least one test
order. Lastly, a sequence of greater amplitude
is possible by means of a break-sequence register.

2.2.3 Qutgoing Connections

The multiregister has access to the control unit
of the network by means of a 2-way 32-bit
channel connected to the 32-bit bus bar. This
is also used for connections with the explorer,
but in addition there is a supplementary return
channel connected to the 10-bit bus bar to send
back the results of the junctor tests.

The multiregister communicates with operating
personnel by teleprinter. A central control desk
has facilities for starting the multiregisters and
peripheral equipment, maintenance operations,
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trouble diagnosing, et cetera. In principle this
desk is used only when maintenance personnel
must intervene in the operation of the exchange.

2.2.4 Principles of Programming

The multiregister is capable of performing vari-
ous general logic functions but must be pro-
grammed to control an automatic telephone
switching system. This program, stored in sev-
eral memories, consists of instruction lists that
determine the sequence of operations. The
major functions are given below.

Scanning of incoming junctors to detect calls.
Supervising detected subscribers’ calls.

Analyzing the category of calling junctors or
of subscribers.

Controlling connections in the network.

Registering the number of a called subscriber
or of the signals received on incoming junctors.

Translating the prefix and number of a called
subscriber.

Sending signals to outgoing junctors.
Supervising established communications.
Charging.

Recording trouble information, network con-
gestion, and traffic statistics.

Although the multiregister simultaneously proc-
esses a large number of telephone calls, it does
not work exclusively on each call until it is
completed but leaves each call after it has
directed the next operation and returns later
when that operation has been completed by
slower-operating devices. For each call the mul-
tiregister is clearly obliged to assign a zone of
its temporary memory to register all the infor-
mation concerned with its progress. This in-
formation includes the number and category of
the caller, number of the numbering junctor,
received digits, category of the called sub-
scriber, number of the junctor chosen for the
call, the number of the sender, et cetera. This
memory zone is called a register, and stores 8
consecutive words of 32 bits.

Volume 42, Number 3 - 1967



The multiregister deals cyclically with all the
registers in two distinct cycles; one of 10 milli-
seconds and the other of 200 milliseconds.

2.24.1 The 10-Millisecond Repeated Program

The multiregister consults each register to han-
dle the next step required to advance the call
being processed. Thus, if this call is for example
in the state of receiving a subscriber’s number,
the multiregister notes the state of the sub-
scriber’s loop to detect a possible change of
state thereof (pulse start or pulse end). If no
change has occurred the multiregister advances
a counter in one of the register words. If this
counter overflows, it indicates that a predeter-
mined time has passed since the last change of
state and this indicates either an end of the
train of impulses or that the subscriber has
placed the handset on the hook terminating the
call. If there has been no change of state or
overflow of the counter, the multiregister leaves
this register and passes to the following register.
This processing time is very short (80 micro-
seconds). If a change of state is detected, the
multiregister initiates the next processing step
and this may take 120 to 500 microseconds.
This is called the rapid program.

The multiregister spends a very large propor-
tion of its time in the rapid program in scanning
the registers, which determines the capacity for
operations. Thus, in Artemis, the time of mini-
mum processing being 80 microseconds, the
multiregister can process 10 000/80 = 125 reg-
isters as a maximum. Actually the number is
smaller because additional tasks also require
processing time.

RAPID o o
PROGRAM H

SCANNER
PROGRAM H

SLOW
PROGRAM

Artemis, Experimental Electronic Exchange

2.2.4.2 Scanner Control Program

The scanner program controls the junctors and
auxiliaries on which calls have been made and
surveys the calls appearing on incoming junc-
tors. This scanning is done in a period of 50
milliseconds. To establish this period the pre-
vious cycle of 10 milliseconds is used and in
each such cycle one junctor out of five is
scanned. The multiregister stores the condition
of all the junctors and sends this information
in sequence toward the scanner, which com-
pares it with the present condition. If a differ-
ence is noted, the scanner makes a call toward
the multiregister. A register will ultimately be
assigned to carry out a more-precise analysis of
the change. The control scanner program occu-
pies the multiregister for 1 millisecond out of
every 10 milliseconds.

2.24.3 The 200-Millisecond Repeated Program

The complex and nonurgent operations, such as
analysis of received digits, long delays, charge
calculations, et cetera, are not carried out in
the rapid program. These tasks are carried out
in the free time at the end of the cycle for the
rapid programs (see Figure 4). The multi-
register processes sequentially a certain number
of registers by performing the required long
tasks until it is interrupted at the end of 10
milliseconds. In the course of a cycle, this pro-
gram (called the slow program) can process
only a small number of registers. But after a
certain number of consecutive cycles all regis-
ters will have been served and the program will
be able to return to the first register.

n 123 n
_________ I I T
{— [ e |

i+3 i+4 it6 i+8

fe———— 10 MILLISECONDS ———wje—————10 MILLISECONDS ————sfe————10 MILLISECONDS ———]

Figure 4—Time relation of programs.
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The return to the first register is controlled
by a second clock, regulated to 200 milliseconds.
In so far as this time has not been reached, the
multiregister carries out routine programs hav-
ing no urgency, such as systematic tests, estab-
lishment of statistics, et cetera.

2.2.4.4 Philosophy of Combining Programs

Different tasks are performed with 3 degrees
of priority (rapid programs and scanner control
programs, slow programs, and routine pro-
grams). A master timing device to fit these
programs together has not been provided as the
fitting of all the programs into small subpro-
grams was considered sufficient. This system
operates with very simple circuits and the proc-
essing is very easy. The small restriction im-
posed is mnot inconvenient for in telephone
switching the dividing of work into small ele-
ments occurs normally, a new element of work
having to be performed at each new event (ar-
rival of a call, receipt of a digit, termination by
the called subscriber, et cetera).

2.3 CROSSPOINTS

2.3.1 Main Characteristics

The main characteristics of the crosspoints in-
clude the use of 3 sealed contacts per point,
magnetic latching, and coordinate control with
automatic release of previous connections. Of
the 3 contacts, 2 are for the conversation and
the third is for testing links, verification of

MAGNETIC CORE
AND WINDINGS

MY
V

POLE
) PIECES
als =
P ——
POLE
PIECES ||

U

lf‘ IT]
MAGNETIC CORE
AND WINDINGS

Figure 5—Crosspoint of 3 sealed reed contacts.
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established connections, and identification of
one of the ends of the chain when starting from
the other end.

2.3.2 Structure of the Crosspoint

As shown in Figure 5 a crosspoint is made up
of 3 sealed reed contacts, 2 magnetic cores, and
2 pole pieces. The soft-iron pole pieces guide
the magnetic flux of the cores toward the con-
tacts. The magnetic alloy cores are always mag-
netized, either in one direction or the other.
Depending on the relative direction of magneti-
zation of the two cores, 4 stable conditions of
the crosspoint contacts can be obtained, as
Figure 6 shows. Two of these conditions open
the contacts and the other two close the contacts.

2.3.3 Coordinate Control

The principle of the coordinate control is shown
in Figure 7. The two control cores, N and N’,
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Figure 6—O0f the 4 magnetic conditions shown, 2 open
the reed contacts and 2 close them.
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each carry two windings, X’,Y and X,Y’, that
have the same number of turns. Operation is
by simultaneous application of a pulse on each
input of the pairs H,H’ and V/,l”’, correspond-
ing, respectively, to the horizontal and to the
vertical coordinates of the crosspoint to be
controlled. It is necessary that the pulses be
of unequal duration ; twice as long, for example,
on the H and V as on the H' and I’ wires.

The role of these pulses is not only to act on
the selected crosspoint but to release the oper-
ated crosspoints in the column and in the row
involved.

For crosspoint 01 of Figure 7, for example,
current through windings X and X’ produce a
magnetic field saturating the core with which
they are associated. The direction of the wind-
ings is such that the two fields are in series.
In consequence the two cores acquire or keep
a magnetic flux linking one core to the other
via the pole pieces. The sealed contacts open or
remain open. This is case 3 of Figure 6.

For crosspoint 10 of Figure 7 and on all the
crosspoints of the same vertical, except 00,
only the windings ¥ and ¥ are energized and
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Figure 7—The pulses operating crosspoint 00 will open
all other crosspoints in the vertical and horizontal co-
ordinates of 00.
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the result is the same as before with the inverse
direction of flux circulation; this is case 1 of
Figure 6 and the crosspoints are open.

At the intersection of the vertical and hori-
zontal coordinates for crosspoint 00, the direc-
tion of the windings of each core is such that
during the short pulse, the fields created annul
each other and do not affect the contacts. The
long pulses that persist after the short pulses
terminate magnetize the cores in opposition via
windings X and Y. The flux created by each
core cannot return through the other and a
part of this flux passes through the sealed con-
tacts, which close. This is case 2 of Figure 6.

It is inherent in this system that the closing
of a selected crosspoint results from currents
that open all other crosspoints in the horizontal
and vertical coordinates involved. Thus at the
end of a communication the engaged cross-
points can be ignored as they will be automati-
cally released on the establishment of following
connections,

2.3.4 Control Pulses

About 650 ampere-turns are necessary for
switching a magnetic core. A coil of 65 turns
has been chosen, which requires a control cur-
rent of 10 amperes. Despite this relatively
strong current, the energy expended to operate
a crosspoint is small, the control pulses being
of short duration; about 1 millisecond for the
long pulses, and 0.5 millisecond for the short
pulses.

2.3.5 Practical Construction

The crosspoints are assembled in matrices of
10 by 10. Each matrix is assembled as a plug-in
drawer, which can be seen in Figure 8.

The H 50 miniature reed contact developed by
Standard Elektrik Lorenz is used. The cores
are an alloy of iron, cobalt, and vanadium. The
coils are wound in sets of ten by an automatic
machine without cutting the wire between them.
These various subassemblies are shown in Fig-
ure 9.
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24 JuNcTORS AND MULTIREGISTERS

24.1 Role of Junctors

As has been shown the switching network con-
nects subscribers to the junctors, under multi-
register control. In a conventional electro-
mechanical system, junctors perform certain
functions as follows.

(A) Feeding of microphone current to the call-
ing or called subscribers’ stations and sending
of ringing alternating current toward the called
subscriber.

(B) Supervising subscrbers’ lines to detect if
the handset is on-hook or off-hook.

(C) Interpreting supervisory signals to deter-
mine what switching is to be done in the junctor.

In a semielectronic system, the use of conven-
tional relays for these functions would require

Figure 8—Plug-in drawer accommodating 100 cross-
points in a 10 by 10 array.
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too large a part of the exchange for the junc-
tors, the network and electronic control being
made up of miniature items. To avoid this, the
volume of the junctors has been reduced in two
ways.

(A) All the logic operations, that is to say the
interpretation of signals received by the junctor,
have been placed in the central control unit.

(B) Use of miniature relays in the junctor.
In Artemis, these relays use the same sealed
reed contacts as the crosspoints.

This division of the tasks between the junctor
and computer requires two distinct functions;
the periodic test of the junctor by the computer
carried out by an apparatus called a “‘scanner”
and the sending of orders to close or open relay
contacts from the computer to the junctor
through an apparatus called a “distributor.”

The distribution will be called slow if the ap-
paratus that controls it receives the order from
the computer, transmits it to the junctor, veri-
fies that the corresponding relay has operated
or released, and replies to the computer. The
busy time of the distributor will be measured
in milliseconds.

The distribution will be called rapid if under
control of the computer the distributor activates
an electronic flip-flop that will operate the junc-
tor relay. The busy time of the distributor will
then be measured in microseconds.

The rapid distributor is always used in special
junctors, such as senders and receivers, in
which the signals are short and must be oper-
ated on without delay.

2.4.2 Test Points

A number of test points are provided to each
junctor to permit the multiregister to determine
its condition. The greater number of these cor-
respond to the condition of external lines, sub-
scribers’ lines, or trunks between exchanges.
The apparatus connected to the line to detect
the condition cannot be a reed relay that, having
no possible adjustment, could release in the
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Subassemblies for the crosspoint matrices.

Figure 9
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Figure 10—Principle of the local junctor.
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presence of line leakages or because a high-
resistance relay is connected to the line at a
distant exchange.

The normal supervisory relays are replaced by
transfluxors with 3 openings that are mounted
in matrices. The winding in the large hole is
connected into the line to be supervised. Each of
the two small holes is allotted to a scanner con-
nected to each multiregister, which allows test-
ing of the same junctor by the two multiregis-
ters independently of each other. Magnetic
material with a rectangular magnetization char-
acteristic permits detection of the marginal con-
ditions that are tested for.

2.4.3 Junctor Bay

Figure 10 shows the principle of the local junc-
tor. It is seen that 3 transfluxor test points S,
SB, and RG, have been used, 2 for the super-
vision of the subscribers and the third for the
detection of the called subscriber hanging up in
the ringing phase. Several relays assure switch-
ing of the line wires. The relay M allows the
junctor to be connected to the control apparatus
(distributor-marker), which controls the opera-
tion or release of the junctor relays.

The junctors are grouped by bays of 100 with
plug-in circuits as shown in Figure 11. There
are a large number of junctor types, but each
can be plugged in at any place in the bay.

Figure 11—Local junctor.
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2.5 CONTROL OF SWITCHING NETWORK

2.5.1 Logic Devices

It has been shown that a part of the logic func-
tions are performed by electronic devices that
are associated with the switching network. They
receive orders from the multiregisters and per-
form the required operations. These operations,
including the setting of crosspoints, are so rapid
that, even for an exchange equipped to maxi-
mum capacity, a single such device is sufficient.

This device is called a control unit. For relia-
bility two control units have been provided but,
contrary to the case of the multiregisters, only
one control unit is in service at a time. This
implies that each control unit might be con-
nected to one or the other of the multiregisters,
as Figure 12 indicates.

A certain number of electronic devices that are
directly connected to the crosspoints are not
duplicated, for example the electronic gates de-
voted to the link availability test, and the con-
trolled rectifiers serving to direct the control
pulses toward the selected crosspoint. These
devices form the markers in Figure 12. Each
marker is associated with a group of crosspoint
matrices which are called selection elements.

The selection elements are of two types. The
terminal selector is for traffic concentration and
serves 200 subscribers in two matrix stages of
20 by 10. The group selectors have 100 inputs
and 100 outputs to handle heavy traffic and are
in two matrix stages of 10 by 10.

The marker not being duplicated, the size of
the selection elements has been made small so
that a fault in a marker will not affect a large
number of subscribers or junctors.

An intermediate distributing frame is provided
between terminal selection elements and group
selection elements. Any number of links may be
between the group and terminal selectors. Mu-
tual-aid links are provided between the different
terminal selectors, allowing connections between
subscribers and junctors to be established
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through 4 or 6 stages of crosspoints. The prin-
ciples of route testing, described later, allow
exchanges of large capacity to use two group
selection elements in series.

The control unit can control the operation of
the relays in the junctors under the direction
of the multiregister, in the same way that it
controls the operation of the crosspoints.
Through a device associated with 100 junctors
and called a “marker-distributor,” it controls
the function of slow distribution described above.

2.5.2 Third Wire

The 3rd contact of the crosspoints provides for
a 3rd wire parallel with the speech wires and
connecting the subscribers’ line equipment to
the junctor. This 3rd wire is connected to earth
in the junctor, as Figure 13A shows.

This provides for operating the cutoff relay in
the individual subscriber’s equipment while still
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Figure 12—Network structure.
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isolating the line from the device for detecting
calls. The cutoff relay has 2 sealed contacts
identical with those of the crosspoints that are
held closely by a permanent magnet when the

relay is at rest and are held electrically when
operated.

The 3rd wire also provides for testing links in
all stages of the chain. A link will be considered
busy if its 3rd wire ¢ is to earth. At the end
of communication the interruption of earth po-
tential over wire ¢ in the junctor acts through-
out the whole chain and all links become free
for other calls. The engaged crosspoints will be
released automatically by following calls. The
gate serving as a link availability test is shown
in Figure 13A in the 2nd matrix stage.

The possibility of testing the condition of the
¢ wires at any stage whatever is used for the
selection of a path through the network, as
will be described in Section 2.5.3, and moreover
allows busy test of a wanted subscriber, identi-
fication of a subscriber connected to a given
junctor and of the links making up the connec-
tion, and the treatment of faulty calls.

Test of a wanted subscriber. The test to deter-
mine if a wanted line is free is made by veri-
fication of the potential on wire ¢ in the same
way as for the test of an intermediate link.

Identification of a subscriber. The identification
of a subscriber starts from a junctor by testing
the availability of the 10 input links of the
matrix to which the junctor is connected. A
second test of these links after disconnecting the
earth indicating the busy condition is then
made. If in the 1st test there were #» free links
among the 10, there will be » + 1 in the Znd
test. The freed link forms part of the connec-
tion to be identified. Knowing this link, the
last-but-one matrix is known and the identi-
fication of all the links and finally of the sub-
scriber are determined in this manner. The link
availability tests being rapid, the interruptions
of earth potential on the ¢ wire of the junctor
can be short enough to avoid the release of
the cutoff relay in the subscriber line circuit.
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Faulty connections. In the case of a faulty con-
nection each subscriber is connected across the
network to a local junctor or to any outgoing
junctor whatver. This junctor is put in a
“trouble condition” in which the busy earth of
the ¢ wire can be controlled in the central
control unit. On establishment of a normal con-
nection, if the network is overloaded, the busy
earth on the junctors in a faulty connection is
disconnected throughout. If this permits a free
path to be found, the junctor involved in the
faulty connection is identified by interrupting
the earths on wires ¢ individually. Then as in-
dicated above, the subscriber who blocked the
routing of the call is identified, the chain in-
volved is freed, the connection that was sought
to be made is established, and the subscriber
involved in the fault is reconnected if possible
to another junctor. The rearrangement of the
network thus carried out does not require
increasing the cost of the subscriber’s individual
equipment.

2.5.3 Link Selection

Although it is possible to test all links of the
network for availability, the number of routes
connecting an input 4 to an output B may be
greater than 1, so knowledge of the addresses
A and B is not sufficient to determine in a
simple manner the links that it is necessary to
test. The first operation, knowing 4, will be to
mark all available links coming from A4. This
is done by associating with the wire ¢ and with
the link-availability gates, shown in Figure 13A,
a marking wire d, parallel to wire ¢ and form-
ing what may be called the replica network.
Figure 13B shows the paralleling of wires ¢
and d. The marking signal coming from A
(positive potential) is propagated through the
network if there is no short-circuit by the busy
¢ wires: it is regenerated at each stage by an
amplifier associated with each matrix. When
mutual aid has been provided at a selection
stage the amplifiers introduce a delay in the
propagation of the marking signal, which allows
the direct paths to be recognized from those
using the mutual-aid paths.
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If at least one available path connects A4 and B,
the marking signal reaches the last matrix. The
choice can then be made of one of the input
links of this last matrix by short-circuiting all
the corresponding wires d, other than the first,
then all others than the 2nd, et cetera, by means
of the diodes DC (Figure 13C). Thus a list of
which of the 10 links is useable is obtained and
one is chosen. The knowledge of the input to
the last matrix gives the number of the last-but-
one matrix, the crosspoints being operated in-
side the group selection element, and the choice
of an input proceeds as above.

Now, it is necessary to know the terminal selec-
tion element in the normal case, or the group
element if there is mutual aid, connected to this
chosen entry, and the number of the matrix
in this element. For this, the wire d (Figure
13D) is used. After suppression of marking
on A, a positive signal called a “chain backward
signal” is sent back, which, received in the
preceding selection element, allows this element
to be identified either by the chosen matrix or
by diodes DM’, DS’, D, shown in the drawing.

2.6 RELIABILITY AND MAINTENANCE

Reliability and facilities for emergency repairs
have been considered at all stages of the Arte-
mis project. The crosspoints and the junctor
relays use very reliable sealed contacts that
require neither maintenance nor adjustment.
The electronic components are all proved com-
ponents. The circuits have been designed to
provide a large operating margin. Besides, all
the subassemblies (crosspoint matrices, junc-
tors, electronic circuits) are mounted on plug-in
connectors for rapid replacement in case of
trouble.

2.6.1 Control Unit Reliability

The control unit of the network fulfills in an
autonomous way a certain number of important
telephone functions; detection and identifica-
tion of subscribers’ calls, connections, orders to
the junctor relays, and identification of the paths
established through the network. These differ-
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ent operations are subject to numerous con-
trols, allowing any abnormal operation to be
detected. Thus each connection in the network
is followed by a control for identification of
the established path. It is thus verified that the
required connection, and it alone, has been es-
tablished. In the same way every order to a
junctor is followed by a test of a contact of each
relay actuated. In many of these controls, each

2 STAGE
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elementary operation is controlled by a delay
circuit and by code checkers (rendered simple
by the systematic use of l-out-of-n or Z-out-
of-n codes).

Any anomaly in the operation of a control unit
is signalled to the multiregister. The latter holds
a record of faults and can either simply start an
alarm or decide in case of multiple faults on the
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Figure 13—Use of the 3rd wire.
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withdrawal from service of the control unit
concerned.

2.6.2 Multiregister Reliability

In the multiregister, the memory data and the
programmed instructions are systematically ac-
companied by redundant bits, controlled at each
transfer. Another control is furnished by the
delay circuits, easy to put into operation, due
to the cyclic operation of the program (cycles
of 10 and of 200 milliseconds). These controls,
completely wired, are sufficient to detect the
great majority of operation anomalies. How-
ever, in addition, there are some programs of
routine tests verifying the satisfactory opera-
tion of the test instructions and, in a more
general way, all the circuits wherein a dis-
turbance might not be detected by the wired
controls.

2.6.3 Correction Programs

When one of the control systems detects a
fault, the multiregister interrupts the program,
stores the fault, and makes a jump to a correc-
tion program, chosen on the nature of the de-
tected fault. This program tries by several
simple operations to set back the multiregister.
For example, if there is a fault of parity in
a register, the program wipes out this register
by dropping the call with which it has been
engaged, and restarts operation at that previous
point. In more-serious cases, the register can
be made to drop the set of calls under treat-
ment in this multiregister (communication be-
ing established or released). In this case it
wipes out all the temporary memory and starts
it up again from the data in the magnetic drum
(see Section 2.2.1). Finally, the correction
program puts the multiregister back in normal
service and the interruption of service has
lasted only several seconds.

It may be remarked that the automatic setting
back of the multiregister that has just been
mentioned allows a restart only in certain
cases as for parasitic faults of short duration or
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for program loops resulting from rare unfore-
seen configurations, If a real fault occurs in a
component, setting back the multiregister will
not cure the fault or the program will loop back
on itself. In these two cases it will be necessary
to await the intervention of maintenance per-
sonnel.

We must not overlook among the correction
programs the systematic tests that the multi-
register carries out at low priority. These tests
include the control unit, explorer-distributor,
junctors, and subscribers’ lines. Anomalies
found are identified by the multiregister to fur-
nish to maintenance an indication of the defec-
tive devices to be withdrawn from service.

2.6.4 Diagnostic Program

When a faulty multiregister stops and the cor-
rection programs are unable to make it restart,
intervention of maintenance personnel is neces-
sary. The multiregister is then isolated from
the network and diagnostic programs are car-
ried out. The temporary memory and the drum
are tested by special programs verifying that
their operation is in accordance with specifica-
tions. Any fault at this level is then easily
localized. To verify the internal logic of the
multiregister is more delicate. It was decided,
in Artemis, not to design a complete set of
programs permitting automatic fault localiza-
tion. Attention has been directed rather towards
a semiautomatic procedure having greater flexi-
bility. The maintenance personnel have at their
disposal a variety of small simple programs,
which carried out one after the other according
to a predetermined procedure, will indicate the
faulty device. This procedure is much more
practical than providing a very complicated
program for automatic diagnosis since a human
operator must inevitably replace the defective
device.

3. Conclusion

The Artemis automatic exchange, shown in
Figure 14, was installed at the Boulogne plant
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of Le Matériel Téléphonique in 1966. It repre-
sents the advances reached in the studies on
electronic switching carried out for several
years by Le Matériel Téléphonique and spon-
sored by Socotel. This installation has provided
actual experience not only with the hardware
but also with the software, the programs to
permit operation both as a private automatic
branch exchange and as a part of the public
telephone network through its integration into
the Paris telephone network as a trial Paris
exchange. The methods to interconnect Arte-
mis with the different types of exchanges exist-
ing in Paris are extremely simple and general.
Only the program of the multiregister is con-
cerned with the specific problems of intercon-
nection. The special junctors needed for any
new case are generally very simple and can be
plugged in at any convenient place in the stand-
ard junctor framework, which makes it very
easy to revise and extend the facilities.

Artemis was also used to test the effectiveness
of duplicating multiregisters. The system chosen
was based on a division of traffic and this
raised a number of problems that could best be
solved by experimentation. Also it was possible
to resolve the problem of reliability with cen-
tralized control by the use of either special cir-
cuits or special programs depending on the
particular situation.

Figure 14—General view of the Artemis exchange.
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Artemis does not however represent completion
of the studies of Socotel in the field of space
switching with sealed reed contacts. Some im-
provements are already apparently desirable
and can be introduced later.

(A) Grade the subscriber stages to decrease
the number of crosspoints.

(B) Increase the size of the selection elements
as improvement in component reliability permits.

(C) Introduce integrated circuits to decrease
cost and volume and to increase reliability.

(D) Adapt the multiregisters to improvements
in computers, mainly to facilitate operation
speed and memory technology.

To conclude, it can be said that experience has
proved that the principles chosen are viable
and hold promise of being adaptable to the
evolution of electronic switching in the public
telephone network.

Jean Duquesne was born on 14 February 1932,
at Rennes, France. He received a degree of
Engineer from the Polytechnic School of Paris
in 1954 and a degree of Telecommunication
Engineer in 1957.

In 1957, he joined the Centre National d’Etudes
des Télécommunications (C.N.E.T.), the re-
search laboratory of the French Telecommuni-
cations Administration, as a telecommunications
engineer,

Since then he has participated in the studies of
the Recherche sur les Machines Electroniques
(R.M.E.) at Issy-les-Moulineaux.

He was concerned chiefly with the design of
electronic switching for the first two electronic
telephone exchanges in Europe that employ
stored programs (Socrate and Aristote) which
have been in experimental operation at Lannion
since 1964.

Mr. Duquesne is a member of the Société Fran-
caise des Lilectroniciens et des Radio-Electriciens
and of the Institute of Electrical and Elec-
tronics Engineers.

1967 331



Artemis, Experimental Electronic Exchange

Guy Jean Le Strat was born at l.anester,
France, in 1934. In 1959, he received a degree
of Civil Engineer for Telecommunications.

He entered the Switching Research Department
of L.e Matériel Téléphonique in 1962, where he
worked on computer assistance to Pentaconta
engineering. In 1964, he undertook the pro-
gramming of the Artemis quasi-electronic tele-
phone exchange.

Albert Regnier was born on 2 November 1930
at Cherbourg, France. In 1952, he received a
degree of Engineer from the Polytechnic School
of Paris and in 1955 a degree of Civil Engineer
for Telecommunications.

He joined Le Matériel Téléphonique in 1955
and designed switching circuits for rotary and
Pentaconta systems. Since 1960, he has been
a member of the Switching Research Depart-
ment, where he is in charge of electronic switch-
ing developments, mainly of the Artemis project.

Spagnoletti Appointed President of Manufacturers Association

P. H. Spagnoletti, Director of Business Devel-
opment of Standard Telephones and Cables,
has been appointed president of the Committee
of European Association of Manufacturers of
Active Electronic Components (CEMAC).
This organization was formed in January 1967
to promote compatibility of specifications, or-
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ganization, and procedures for active electronic
components throughout Europe. Its aim is to
arrive at specifications that will be recognized
throughout Europe and, through the Inter-
national Electrotechnical Commission, develop
into world standards.
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Awards Program lInstituted by International
Telephone and Telegraph Corporation

Under an Awards Program instituted in 1966
by the International Telephone and Telegraph
Corporation, it will honor 29 employees in 10
affiliated companies with cash awards totaling
$58 000 for their development of inventions,
new products, and new services. Commemo-
rative medallions and certificates will accom-
pany the awards and their companies will
receive trophies suitable for display.

In the category of products and services, two
joint first awards were granted.

J. P. Van Etten and C. J. Pasquier of ITT
Federal Laboratories (United States of Amer-
ica) share $10 000 for development of Loran-C
air navigation equipment now being imple-
mented on a worldwide basis.

W. Kloepfer and G. Sidow of Standard Elek-
trik Lorenz (Germany) share $10 000 for de-
velopment of military mobile radio sets being
produced and used in several Western Eu-
ropean countries.

Four other awards were made in this category.

T. N. Tilman and H. W. Walker of ITT
Jennings (United States of America) share

$5000 for development of vacuwm coaxial re- '

lays for remote switching of high-power radio
circuits.

R. J. M. Andrews, W. J. Archibald, B. M.
Dawidziuk, B. D. Mills, A. H. Roche, and
J. F. Tilly of Standard Telephones and Cables
(England) share $5000 for development of a
160-circuit submarine-cable telephone repeater
for deep-water long-haul service.

W. Heinke, H. Keller, L. Micic, and H.
Pfander of ITT Semiconductors Europe (Ger-
many ) share $5000 for development of a special
semiconductor diode for tuning ultra-high-fre-
quency television receivers.

G. De Bruyne, A. Peeters, E. J. H. De Raedt,
R. Ruelens, S. Simon, and F. Verstuyft of Bell
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Telephone Manufacturing Company (Belgium)
share $5000 for development of a rotary tele-
phone system with solid-state components pro-
viding all services required in a modern ex-
change.

In the category of inventions, two joint first
awards were granted for the combining of
speech and data in a single transmission chan-
nel, the data being transmitted during idle
periods in the speech.

F. T. Cassidy, Jr., of ITT World Commu-
nications (United States of America) shares
$10000 for his invention of a Channel Com-
biner and Divider for Automatic Alternative
Voice and Data with E. P. G. Wright of Stan-
dard Telecommunication Laboratories (Eng-
land) for his invention of Interpolated Data
and Speech Transmission.

Four other awards for inventions include the
following.

R. A. Felsenheld of ITT Federal Laboratories
(United States of America) receives $2000 for
a tunable broadband antenna of small dimen-
sions for transmitting over a wide range of
frequencies.

H. F. Sterling and R. W. Warren of Standard
Telecommunication Laboratories (England)
share $2000 for a method of processing ex-
tremely pure materials having very-high melt-
ing points.

E. S. Guttmann of ITT Gilfillan (United States
of America) receives $2000 for an airborne
navigation display system.

J. P. Le Corre of Laboratoire Central de Télé-
communications (France) receives $2000 for
a telephone switching system having facilities
for handling heavy traffic with increased
efficiency.
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J. LISIMAQUE
J. RIBOUR

e Matériel Téléphonique; Paris, France

-

1. Introduction

The application of single-sideband modulation
to mobile and portable equipment appeared
only after the introduction of semiconductors.

It was introduced with simplified sets having
preset frequencies in which the stability of the
carrier derived from an ordinary quartz crystal
oscillator was insufficient and the frequency
had to be corrected by special means.

This solution was acceptable for communication
between two mobile stations but was completely
inadequate for intercommunication among a
large number of mobile stations as the simul-
taneous adjustment of frequencies leads to al-
most insurmountable difficulties in network
operation.

A satisfactory solution stemmed from the de-
velopment of very-stable quartz oscillators with
satisfactory ageing properties and small dimen-
sions. Such an oscillator controls a synthesizer,
which supplies from a reference frequency all
the possible channels in the range spaced by
the selected increment. However, these syn-
thesizers are generally highly complex as well
as cumbersome and heavy when good perform-
ance is required.

Microelectronics offers new possibilities. In
particular, the use of integrated circuits and
digital techniques permits reductions in both
dimensions and weight. Power consumption is
still a problem but is of lesser importance in
mobile equipment than in portable equipment.

2. Features of the LMT 3527 A Equipment

The LMT 3527 A airborne equipment to be de-
scribed consists of the following components
shown in Figure 1.

(A) Exciter-receiver including the receiver cir-
cuits, frequency generator, and transmitter cir-

cuits up to 7 watts.

(B) High-frequency power amplifier of 100 to
400 watts, according to requirements.
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(C) Antenna coupler.

(D) Control unit.

The characteristics of the exciter-receiver,
which is common to several versions, are listed
below. The other parts of the equipment, such
as the amplifier and the antenna coupler, use
conventional techniques and will not be dis-
cussed. The control desk will be described to-
gether with the principle for remote control.

2.1 ExciTErR-RECEIVER
2.1.1 General Characteristics

Dimensions: 340 by 198 by 124 millimeters
(13.4 by 7.8 by 4.88 inches). This is the 1/2
ATR cabinet.

Weight: Approximately 6 kilograms (13
pounds).

Frequency range: 2 to 29.999 megahertz.
Number of channels: 28 000 (every kilohertz).
Power supply: 28 volts direct current.

Power required: 5.5 watts for reception and
25 watts for 2-signal transmission.

Modulation: Single (upper) sideband and
double sideband with carrier.

Figure 1—LMT 3527 A airborne transmitter-receiver
for operation from 2 to 30 megahertz.
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Frequency stability: Maximum error of 4 hertz
throughout the range.

Band pass for modulation: 400 to 3000 hertz.

2.1.2 Transmission

Output power exciter: 7 watts without amplifier
and 100 to 400 watts with amplifier.

Intermodulation distortion: 35 decibels.
Carrier-wave attenuation: 40 decibels.

Audio-frequency compression: 15 decibels.

2.1.3 Reception

Sensitivity: 0.5 microvolt gives a (S + N)/N
ratio of 10 decibels.

Gain control: 6-decibel variation in audio-fre-
quency level results from a variation in radio-
frequency input level between 5 and 100 000
microvolts.

Image rejection: 65 decibels.
Intermediate-frequency rejection: 80 decibels.

Audio-frequency output level: 200 milliwatts.

2.1.4 Mechanical and Climatic Characteristics

Vibration: Withstands 2.5 ¢g (gravity units)
from 20 to 500 hertz.

Temperature range : From —40 to +70 degrees
Celsius in service.

Altitude: With natural cooling up to 10000
meters (33000 feet) in service.

2.1.5 Remote Control

Frequency setting is by means of sequential
information over 2 wires between the control
unit and the exciter-receiver and over 7 wires
from the exciter-receiver to the other subunits.
A magnetic memory in the control unit pro-
vides for 10 preset frequencies.

ELECTRICAL COMMUNICATION
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3. General Principles

The dimensions of the exciter-receiver could
not be kept within 7 liters (425 cubic inches)
using miniaturization techniques with conven-
tional components and analog circuits. The con-
ventional components could have been shrunk
in size through the use of specially designed
hybrid circuits either in thin or thick films, but
this solution was not selected hecause the large
number of different types of circuits involved
would require a heavy investment. The diffi-
culty of producing high-quality inductances
within small dimensions and the accuracy re-
quired from components in analog circuits also
made this solution unattractive.

The guiding principles included (A) adopt
digital solutions wherever possible, (B) use
conventional commercially available integrated
circuits, and (C) tolerate no sacrifice in electri-
cal performance.

3.1 DicitaL TECHNIQUES AND MICRo-
MINIATURE CIRCUITS

3.1.1 Adjustable-Divider Synthesizer

Methods of pure synthesis successfully applied
to laboratory equipment cannot be used in a
lightweight unit of small dimensions since the
required filtering circuits are necessarily cum-
bersome if they are to be efficient.

The principle of a synthesizer is given by

Fy F . A
AA()*Z or F—-—FOAO

where

F = {requency at output of synthesizer
Fy = frequency of reference oscillator
fo = frequency increment or f{requency
selection step
A4 = F/fo
A() = Fo/fo.

To effect this arithmetical combination, an
oscillator signal is applied to a frequency divider
having an adjustable dividing factor A. The
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signal obtained is compared in phase with
a pilot signal from the reference signal F,
through division by a fixed ratio 4,. This com-
parison gives an error signal that corrects the
controlled oscillator so that the condition F/A
= F,/A4, is fulfilled. Frequency division is ef-
fected by counting pulses using only integrated
circuits for this.

3.1.2 Automatic Digital Tuning

In equipment of this type, the input circuits of
the receiver and the local oscillator must be
tuned to a desired frequency within a large
range. The mechanical adjustment of reactors
does not lend itself to miniaturization and the
accuracy required in their manufacture in-
creases the cost of the equipment.

Varactor diodes, which act as voltage-controlled
capacitors, are used to tune the receiver input
and local-oscillator circuits. The control voltages
are adjusted in suitable steps, the required step
values being stored in binary notation.

3.1.3 Remote Comntrol

The remote setting of the operating frequency
from a control unit requires transmission of
logic information consisting of a certain num-
ber of bits. For equipment with 28 000 possible
channels, this number is equal to 43 if a bit
is made to correspond to each digit in each
decade; it is equal to 25 if the Arinc “2 out of
5” code is used.

Parallel transmission of this information over
25 wires requires much more weight than can
be justified for miniature equipment in aircraft.
Therefore this information is transmitted over
2 wires in a 17-bit sequential mode: 4 bits each
for the 1-, 10-, and 100-kilohertz decades and
5 bits for the 28 steps of 1-megahertz each. The
same 2 wires can also transmit the equivalent
information recorded in a nondestructive mag-
netic memory corresponding to each of the 10
preset frequencies. All coding and decoding
operations are performed in integrated circuits.
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3.2 Min1ATURE CIRCUITS FOR
OtuER FUNCTIONS

Apart from the use of integrated circuits for
digital functions, microminiaturization can be
easily introduced for such functions as oper-
ational amplifiers, digital-to-analog converters,
differential amplifiers used in stabilized power
supplies, thermostat system for the quartz oven,
and even in broad-band amplifiers associated,
for example, with additional quartz filters.

Switching operations, which are numerous in
equipment covering such a very large frequency
range, can be effected electronically. Thus, it is
possible to put the crystal filter associated with
each frequency synthesizer subrange into ser-
vice simply by applying power to the output
amplifiers and by means of logic gates at the
input of filters.

Narrow-band filters are of ladder type and are
equipped with subminiature crystals.

3.3 LiMITATIONS OF MINIATURIZATION

The transmission line and antenna matching
stages are not readily reduced greatly in size.

Also, the switching of receiver frequency ranges
often cannot be done electronically as such
switches usually have very short linearity
ranges and may also produce high-level para-
sitic signals at frequencies close to the useful
signal that would produce undesirable signals
through cross modulation in the receiver pass
band.

Finally, it is necessary to mention the relatively
large dimensions of decoupling circuits in all
the power supplies and the circuits for protec-
tion against interference from radiation and
conduction.

4, General Layout of the Exciter-Receciver

4.1 OperaTING CIRCUITS

Two intermediate frequencies have been selec-
ted: 1 megahertz and 5 megahertz.
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The amplifier for 1 megahertz uses a crystal
filter that passes the sideband and suppresses
the carrier.

For double-sideband telephone communication,
the crystal filter is replaced by an inductance-
capacitance filter with a pass band of about 6
kilohertz.

The 1-megahertz intermediate frequency is used
throughout the range from 2 to 6 megahertz.
The 5-megahertz intermediate frequency is used
above 6 megahertz to improve the rejection of
the image frequency up to 30 megahertz.

The circuits used are shown on the right side
of Figure 2 for transmission and on the left
side for reception. The first intermediate-fre-
quency circuits and the sideband filters and
amplifier are common to transmission and re-
ception. Electronic switches can be used on
these filtered signals.

The input signal to the receiver passes through
2 coupled circuits followed by a tuned amplifier
stage. The input stage, which uses field-effect
transistors, has a low noise level and is well
protected against cross modulation. The circuits
are automatically tuned after each change of
the frequency controls. The receiver input cir-
cuits are also used in the transmitter chain to
filter the signals after odulation. Here, the
switching is by electromechanical means.

The broad-band transmitter amplifier delivers
a 7-watt peak signal into 50 ohms. These sig-
nals have little intermodulation distortion but
contain high-frequency harmonics that must be
filtered at the input of the power amplifier. Tt
is better to have the filtering circuits in' the
exciter than in the power amplifier,

The frequency synthesizer, shown in Figure 3,
must supply a number of frequencies.

(A) l-megahertz and 4-megahertz signals are
used in the translation of frequencies in hoth
the transmitter and receiver circuits.

(B) Pilot signals must be available in two
ranges as a function of the frequency setting.
The ranges are approximately 11 to 35 mega-
hertz and 3 to 7 megahertz.

ELECTRICAL COMMUNICATION

Yolume 42, Number 3

Ry T (2-30)

TO
ANTENNA O
SWITCH

TUNED CIRCUITS AND
RADIO-FREQUENCY AMPLIFIER

(2-6)
——
2 7 }
- {6-30) AMPLIFIER
MIXER —O (2-30)
(11-34.999)
(5)
POWER
AMPLIFIER
FILTER
(5 MICROPHONE

L (5) l

@ AUDIO
-0 (4 COMPRESSOR
MIXER <—o/L

Lo (3-6.99) - 1

RN MIXER

LOH)

FILTER — FILTER, A3,
SINGLE DOUBLE
SIDEBAND ¢ SIDEBANDS,
CARRIER
3 (1)
CARRIER
AMPLIFIER (1) REINJECT

;) FOR A3
R 7

7
o v v

y )
) J\O
DEMODULATOR (3-6.999) MIXER
OR DETECTOR [¢° o5 |
AUTOMATIC (2-6) '\ (6-30)
VOLUME
CONTROL
AUDIO= FILTER(5)
FREQUENCY
AMPLIFIER ‘
RECEIVE
1 AUTOTUNE H  MIXER
SQUELCH 2-8) , |(6-30)
i \ 4
(11-34.999)
LOUDSPE AKER

Figure 2—Transmitter-receiver diagram. Approximate

frequencies are given in megahertz in parentheses. R

indicates receive and T indicates transmit positions of
switches.
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The lowest range of the synthesizer (3 to 7
megahertz) is obtained by translation of the
oscillator signal in the 31- to 35-megahertz
range with a 28-megahertz signal derived from
the 4-megahertz reference oscillator.

The 11-to-35-megahertz frequencies are actually
supplied by six oscillators, each covering a
subrange of 4 megahertz. They are switched
by their power supplies.

The reference oscillator frequenicy of 4 mega-
hertz is reduced to 10 kilohertz by the three
dividers providing a 400:1 ratio. This is one
input to a phase-control network. The output
of the active controlled oscillator producing the
range from 11 to 35 megahertz goes to a mixer
that receives a suitable frequency from the 1-
kilohertz interpolation chain and by selecting
the proper division factor in the adjustable fre-
quency divider, a 10-kilohertz signal is obtained
to compare with that from the reference oscil-
lator. Any drift of the controlled oscillator will
produce an error signal that will retune the
controlled oscillator.

4.2 FrEQUENCY GENERATOR

In the synthesizer, the phase comparison is
made at 10 kilohertz despite the fact that the
setting increment is 1 kilohertz. A phase control
loop operating at the interpolation frequency of

1 kilohertz with a corresponding sampling pe-
riod equal to 1 millisecond would, by its very
nature, be insensitive to very rapid drifts in the
oscillator frequency.

The open loop gain must be limited to fulfill
the stability criterion of the servo control,
since, for a phase margin of 30 degrees, Bode’s
second law limits the slope of the relative vari-
ations in the gain-frequency curve to 5/3. The
10-kilohertz choice permits an increase in the
gain at the origin of the open loop of 33 decibels.

Setting of the kilohertz decade is by interpola-
tion using a quartz oscillator without special
stabilization but in which the frequency and,
consequently, the absolute error are divided by
128, thereby reducing the error introduced by
interpolation to less than 1 hertz under all the
operational conditions mentioned in Section
2.14.

The parasitic products resulting from this in-
terpolation, which occur within the loop, are
practically eliminated by the phase control.

4.2.1 Electronic Tuning of the Receiver

Electronic tuning avoids heavy electromechan-
ical components. Furthermore, the receiver cir-
cuits are automatically tuned and do not require
correction for thermal drifts.

— REQUIRED FREQUENCIES —— ~
(4) 5 (11-34.999) (3-6.999)
T A
REFERENCE : . . PHASE- CONTROLLED
OSCILLATOR & - > - @ I B{ CONTROL | OSCILLATORS
(2) NETWORK 11-35)
. T
(2) 10 KILOHERTZ :
¥ 3
MULTIPLIER 0DD ADJUSTABLE LOW-PASS
X7 HARMONIC FREQUENCY p —
(28) Ics DIVIDER ILTER
Y
(10,14,18, « ) (11-34.999)| (31-34.999)
INTERPOLATOR R . o crysTaL R
1 KILOHERTZ MIXER FILTERS MIXER 4 MIXER
4 (28

Figure 3—Frequency generator with frequencies in megahertz in parentheses.
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4.2.2 Redundancy

The use of power-supply switching encourages
the use of independent modules for similar cir-
cuits. Thus, a fault in one of the ranges does not
result in complete outage of the equipment.

5. Specially Designed Circuits

5.1 ApjustaBLE-RATIO DIVIDER

Frequency division by a controllable number
A is done by counting the number of periods in
the input signal in groups of A4 and in pro-
ducing a single pulse at the end of each group.
For counting, the input signal is transformed
into a square waveform.

Each rising edge of a square wave steps a
binary counter. A coincidence system resets
the counter to zero when the number of pulses
corresponds to the dividing number A, which
is applied in binary form to the divider by the
frequency-setting device. As the dividing num-
ber may be in the hundreds, the divider includes
a main counter with its coincident and zero-
resetting system and a programming device to
permit counting the number of pulses in several
operations. Each step of the program cor-
responds to the units, tens, and hundreds of
the number A.

Figure 4 shows the signals at the divider input,
at the main counter input, at the programmer
input, and at the divider output for division
by 118.

DIVIDER
INPUT

MAIN -
COUNTER I
INPUT

PROGRAMMER
INPUT

5.2 ApjustMENT OF OSCILLATOR FREQUENCY

For each frequency setting, the output voltage
of the phase comparator is applied across a
resistance voltage divider the attenuation of
which varies step by step according to the state
of a binary counter. See Figure 5.

The sets of pulses to be compared are applied
to flip-flops B7 and BS8; flip-flop B7 on the
diagram receives one of the signals at its sym-
metrical input and the other at its reset-to-zero
input. Flip-flop B8 receives the same signals
but with reversed operate and reset connections.
In this manner, the two logic states 01 and 10
are possible only if the signals are exactly inter-
polated as shown in Figure 6A. A third state
11 appears when several pulses of one of the
signals are interposed between two pulses of
the other as in Figure 6B, that is, when the
repetition frequencies of the signals are not
equal.

Detection of this third condition in a NoR gate
steps the binary counter, thus changing the volt-
age across the varactor and the frequency of
the controlled oscillator until it operates the
phase control.

5.3 AutoMmaTic TuNING OF RECEIVER

The input circuits of the receiver (Figure 2)
are tuned by the biasing (between 10 and 100
volts) of varactor diodes having high reverse
breakdown voltages. After changing the setting,
or when switched on, a signal supplied by the
synthesizer, after several mixing operations, is
fed to the receiver input.

M
L
- rrarra

DIVIDER
QUTPUT

-

Figure 4—Waveforms in the adjustable divider.
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This signal is at the nominal tuning frequency
and has a fixed level. The polarization ap-
plied to the varactor diodes then decreases in
steps from 100 volts down to 10 volts, accord-
ing to the state of a binary counter controlling
a digital-to-analog converter. The signal level
at the output of the receiver thus varies step by
step in accordance with the response of the
filter in the intermediate-frequency system as
shown in Figure 7. The stepping of the varactor
voltage is stopped when the maximum level is
attained, which voltage is recorded in the mem-
ory of the tuning counter.

As shown in Figure 7 the phase of the signal
at the output of the low-frequency amplifier is
compared with the phase of the binary-counter
drive signal. The selectivity curve is, therefore,
scanned in the manner shown, where it will be

seen that the binary signals are subjected to a
phase reversal immediately after the maximum
value at resonance. This phase reversal is de-
tected by digital circuits, which stop the counter.

A n n n
N n n T

®n . n n
n__n_.n__nf

Figure 6—The pulses in the two series at A4 alternate.
If as at B two pulses in the lower series are inter-
polated between two adjacent pulses in the upper
series, the binary counter is stepped to change the
frequency of the controlled oscillator.

CONTROL REQUEN
FREQUENCY
p| PHASE COMPARATOR " VOLTAGE | conTROLLED F———b>
~»| AND COMPENSATION AN To 7| OSCILLATOR
VARACTOR

Figure 5—Method of ad-
justing the controlled os-
cillator.
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6. Construction and Technology

6.1 MopurLAR CONSTRUCTION

The exciter-receiver can be split into 9 units
of various dimensions, which are plugged into
a common chassis. Each of the units can be split
into plug-in printed circuits or modules. This
arrangement, shown in Figure 8, provides for
two stages of maintenance, thus simplifying
identification and replacement of defective com-
ponents.

Of the 9 units, 3 make up the synthesizer and
one each are for the transmitter, intermediate-
frequency chain, receiver, power supply, range
switching, and the quartz filter.

6.2 MODULES

A standard size of circuit board measuring 82
by 50 millimeters (3.2 by 2 inches) is used for
both the integrated circuits and the other com-
ponents. Only the height above the board varies

} SIGNAL LEVEL AFTER
THE TUNED CIRCUITS

FREQUENCY

RECEIVER OUTPUT SIGNAL (AFTER FILTERING)
JUnnruinnrs AR ARARRAANRAN
INPUT SIGNAL OF THE BINARY COUNTER
J‘mem_mmi—ﬂ mannoanoannnnnr

STOP SIGNAL OF
THE COUNTER

I————

Figure 7—Varactor method of tuning the input re-
ceiver circuits to the desired signal frequency.
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to accommodate the particular components but
is required to be a multiple of 4.5 millimeters
(0.18 inch). The circuits are printed on both
sides with metallized holes for through connec-
tions. Sample boards are shown in Figure 9.

The plugs and sockets of the subminiature con-
nectors require less than 25 percent of the avail-
able surface area of these very small boards.

The integrated circuits for fast logic (adjust-
able-ratio divider) are of the emitter-coupled-
logic (ECL) technology. The remainder are
low-consumption diode-transistor logic (DTL)
with good noise immunity. Only components of
military type already available on the market
are used. No special integrated circuit has been

necessary for this purpose.

Figure 9—Sample circuit boards showing both
integrated circuits and separate components.
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6.3 POSSIBILITIES FOR IMPROVEMENT

The oscillators in each synthesizer subrange
could be made on thin films with a Wien bridge
circuit. However, the quality of the signals
from such resistance-capacitance oscillators is
not satisfactory as they produce greater phase
jitter than do inductance-capacitance circuits.
This design had to be rejected.

The band filters using crystals in a ladder con-
figuration can be made in monolithic form on
a single quartz crystal blank by appropriate
shaping of the electrodes.

The power consumption of the equipment will
be reduced when fast integrated circuits having
low power consumption appear on the market.

In its present version, the equipment has a
low-power-consumption oven to stabilize the
frequency of the reference quartz oscillator to
within a relative accuracy of 10-". For certain
requirements for which an accuracy within 2
X 1077 is adequate, it is possible to discard the
oven and use a compensation circuit with the
advantage of instantaneous operation and lower
power consumption.

J. Lisimaque was born in Paris in 1921, He
obtained the diploma of physicist in 1942 from
Ecole Supérieure de Physique et de Chimie,

From 1943 to 1945 he was at C. Lorenz. He
joined Laboratoire Central de Télécommunica-
tions in 1945 in the Transmitting Department
and later transferred to Le Matériel Téléphon-
ique, where he specialized in the manufacture of
single-sideband transmitters and their associ-
ated receivers.

In 1955 he started work on synthesizers and
mobile single-sideband equipments in the high-
frequency band, and he is now project manager
for the development of single-sideband portable
and airborne equipment.

Mr. Lisimaque is a member of the Société
Francaise des FElectroniciens et Radio-Elec-
triciens.
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7. Conclusion

The extensive use of logic circuits is apparent
from the following list of components in the
equipment.

Components Number
Integrated circuits 85
Transistors 117
Diodes 93
Capacitors 489
Inductors 100
Resistors 550

The excellent reliability of monolithic integrated
circuits together with the important part played
by them in this equipment makes it possible to
forecast that the reliability of such equipment
will greatly exceed that of a unit fulfilling the
same functions and equipped with transistors,
conventional components, and mechanical tun-
ing devices.

Furthermore, the cost of labor is considerably
reduced since no adjustment is necessary dur-
ing manufacture for the subassemblies equipped
with integrated circuits.

J. L. Ribour was born in Laon, France, in
1932. He received the diploma of engineer in
1955 from Ecole Supérieure des Arts et Métiers
and obtained another diploma of engineer in
1958 from the Fcole Supérieure d’Electricité.

He was a radar officer in the French Navy from
1958 to 1961. He then joined Le Matériel Télé-
phonique, where he worked on the development
of mobile single-sideband equipment in the
high-frequency band.

He is now specializing in the study of frequency
synthesizers in the high- and very-high-fre-
quency bands.
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Design of Medium-Speed Data Transmission Systems

E. P. G. WRIGHT
A. D. MARR

Standard Telecommunication Laboratories Limited; Harlow, Essex, England

1. Introduction

This article briefly describes the measurement
and computation programme which was under-
taken to develop a medium-speed data trans-
mission system.

At the time of the initiation of the work 8 years
ago, there was little available knowledge on the
transmission of digital information, except that
relating to low-speed telegraphy. It was recog-
nized, however, that data would need to be
transmitted at much higher speeds and that
there would be a requirement for much greater
accuracy. Although it was more difficult to
determine the forms in which data would be
presented and the ways in which it would be
handled on reception, time has shown that there
are many different applications.

It was correctly anticipated that the signal level
at the receiving station would have a serious
effect on the errors, and it was also obvious that
the bandwidth of the circuit and the type of
switching employed would also have an influ-
ence.

2. Measurement Programme

There were many design parameters from
which the most appropriate were difficult to
select until some statistical information became
available. However, it was found possible to
design a test programme which was reasonably
flexible yet capable of extension. As an example,
the programme was designed for application to
blocks of any size and a range of modulation
rates. Trials were carried out over a wide range
of circuits. The earlier tests employed frequency
modulation up to speeds of 1200 bits per second
and were subsequently extended to 2000 bits
per second with phase modulation. Another
programme of tests was based on 8 parallel
channels each of 75 bits per second. The use of
a serial stream for testing made it unnecessary
to make an early choice between duplex and
half-duplex forms of operation; it also avoided
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any necessity to choose the precise form of
synchronization or block size.

Field measurements quickly disclosed the tend-
ency for errors to occur in bursts; it was soon
appreciated that to obtain significant results
of error characteristics it was necessary to
have a series of samples totalling at least 5000
errors. This quantity is essential to permit a
significant analysis being made of the distribu-
tion characteristics of the errors.

The relationship between error rate and re-
ceived level was quickly established, as was the
fact that the error rate did not increase linearly
with the bit rate. It might be expected that each
error at 250 bits per second would produce 2
errors at 500 bits per second and 4 errors at
1000 bits per second. With single errors, it was
observed that the incidence of noise was fre-
quently of such short duration that it still af-
fected only 1 bit at the higher rates. On the
other hand, line interruption or short circuits
produced error bursts, and the higher the mod-
ulation rate the higher was the number of
errors in the burst.

Having established that a reasonable receiving
level provided surprisingly good results, it was
found possible to obtain a realistic comparison
of the typical error rates for a large sample of
leased and switched circuits.

3. Block Size

The question of the optimum block size proved
of great moment as there was obviously interest
in small blocks containing 1 character, inter-
mediate size blocks of about 250 bits for duplex
systems, and larger blocks for half-duplex sys-
tems. Whereas comparative values could be
established for any parameter, it became clear
that conditions such as message length and line
length were of paramount importance. The
method of presenting and subsequently pro-
cessing the transmitted data also had a bearing
on the subject. In very broad terms it was found
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that the provision of check bits per character
did not provide the same degree of protection
for line transmission as for terminal handling.
The addition of 1 parity bit per character left
about 20 per cent of the erroneous characters
undetected. Even 2 parity bits per character
were inadequate, and better protection was
given by a combination of row and column
checking. Rather paradoxically it was found
that in many tests the protection was better for
large blocks than for small blocks, despite the
fact that the percentage redundancy was smaller.

Increasing the block size to assist the check-
ing is clearly expensive in terminal cost and
inefficient as regards line utilization. Fortu-
nately, the process of checking by a cyclic code
was found to have the dual merits of needing
much less redundancy and of being capable of
providing any desired degree of protection ac-
cording to the number of check bits provided.
The cyclic code is suited to hlocks of 100 bits
or greater but unsuited to a single character of
fewer than 10 bits. It was also recognized that
a block of 250 bits is unsuitable for very short
messages. It may consequently be found ad-
visable and efficient to employ a short block for
short messages and a longer block for long
messages. Should the daily traffic involve a
large number of short messages, the inefficiency
of the short block is rather objectionable, and
greater efficiency can be obtained by sending a
number of short messages in the form of one
long message with larger blocks.

The optimum size of block for duplex operation
is decided to a large extent by the maximum
loop propagation time; this determines the in-
terval elapsing before the sending station knows
whether or not a block must be retransmitted.
A block size of 240 bits provides a reasonable
compromise for typical national toll connections
and allows the effective information transfer
speed to be better than 90 per cent of the
modulation rate.

There are inter-continental applications for
which a much longer propagation loop time
such as 1 to 1+5 seconds should be provided,
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and for this case a more suitable block size
would be 480 bits.

It is recognized that these long connections will
be expensive, and the larger block size means
a longer repetition cycle for error correction.
When these long connections are switched, the
block error rate will generally be greater than
with leased circuits, and the messages will tend
to be shorter, but the loop propagation time
necessitates the larger block. The same char-
acteristic about message length is also applicable
to national connections, but the uncertainty as
to the propagation loop time of the route selec-
ted makes it essential to provide a reasonable
time margin which will be adequate for all
national connections. There is also the likeli-
hood that in many switched connections the
quality of the connection will be checked by
speech before “going over” to the transmission
of the data message. If the connection is obvi-
ously noisy it should be changed before data
transmission commences.

For half-duplex operation, the most effective
transfer speed is obtained with blocks of 1000
or more bits, but there is also some interest in
smaller blocks, admitting the less efficient use
of the line, to reduce the expense of storage
equipment. The half-duplex operation has the
fundamental advantage that the presence of
echo suppressors can be accepted, although with
some penalty. Recently, however, it has been
recommended that echo suppressors should be
disabled on data calls, and hence simultaneous
signalling in both directions presents no diffi-
culty for half-duplex operation.

4. Error Contro! and Correction

Error control is seen to involve several related
matters. When circumstances permit, correction
by retransmission is advisable. It incurs the
minor penalty of occasional delay and the need
for a backward supervisory channel.

The lower efficiency of check bits per character
can be overcome by adding a signal quality
detector which has a very good chance of in-
dicating multiple errors which could remain
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undetected by parity checking alone. While the
signal quality detector may ask for repetitions
unnecessarily when the signal is disturbed but
not incorrect, this is not really objectionable
for short messages and neither is the fact that
the percentage of retransmission is increased.

There are many applications over both leased
and switched connections for which the user
will favour the arrangement which gives the
quickest and most accurate transfer of the data.
In the case of leased connections, this is im-
portant, because computer or other processing
may be held up until the information is all
received. There may be some overall period
available for both the transmission of the data
and the subsequent computation, and conse-
quently time lost in transmission may have to
be recovered by faster computation. In the case
of switched connections, it must be assumed
that the daily traffic is probably insufficient to
justify a leased circuit; the user will neverthe-
less still be concerned to reduce the charge for
the switched connection by the rapid and accu-
rate transfer of the information.

A third application is the use of data trans-
mission techniques for signalling between com-
munication switching centres. The procedure to
be recommended will depend on the loop propa-
gation time and the bit rate to be used. Future
speech transmission systems using digital mod-
ulation will normally be able to assign a bit
stream at 8 kilohertz for signalling and, when
the loop propagation time is less than 10 milli-
seconds, it is possible to repeat each signal
several times or to use an information feed-back
process for checking. In the case of larger cir-
cuits, the propagation loop time is likely to be
much larger and this will certainly be the case
with geo-stationary satellites. The high cost of
the signalling circuit makes it undesirable for
the traffic loading to be increased by multiple
transmission of the signals. The possibility of
using checking bits generated according to a
cyclic code is being studied by Study Group XI
of the International Telegraph and Telephone
Consultative Committee (CCITT).
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The subject of error detection and correction
has been studied extensively particularly in re-
spect to the sophisticated cyclic codes which
provide very good protection, but yet require
remarkably few additional check bits during
transmission. A data block of 240 bits can be
protected by only 12 check bits in a cyclic code,
whereas the row and column method needs
approximately 4 times as many check bits, and
the character-by-character arrangement needs
more than 6 times the redundancy.

The investigation into the security of cyclic
codes has been founded on the pattern of errors
measured during the field trials. By a process
of determining the distribution of separations
between errors, it has been -possible to generate
from random numbers a data stream which
includes errors whose separation corresponds
closely to the measured patterns. A computer
programme has been employed to enable the
equivalent of a 12-month field measurement to
be carried out in a few hours. The comparison
of the relative performance of the different cyclic
error-detection codes requires such long trials
because the failures are so infrequent.

Figure 1 illustrates typical block error rates for
transmission over switched and leased connec-
tions. The basic error rates vary with every
circuit and usually vary during the 24 hours,
but the values shown are typical for a large
number of connections. Figure 2 illustrates the
reduction in the undetected error rate by the
use of cyclic detection codes with different num-
bers of elements. It will be noted that the re-
duction is greater in the case of switched con-
nections. The service will normally be better on
leased connections owing to the reduced error
rate as shown in Figure 1.

It is indeed a matter of importance to the user
to be guaranteed reliable service during normal
conditions, but also to know that service re-
quirements are adequately protected during
abnormal conditions. There will undoubtedly be
times when a connection is interrupted during
the transmission of data. The user does not
expect to have to watch the progress of the
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transmission, but expects to be warned when
there is a hold-up. If the interruption is only
of a few minutes duration, it is highly desirable
that the retransmission should start automatic-
ally without introducing the delay and the risk
of error which would result from human inter-
vention. The terminal equipment should be de-
signed to recover synchronization if this is lost.
It is necessary that blocks of data are neither
duplicated nor omitted as a consequence of a
long interruption or the need to re-establish the
connection. The use of block sequence numbers
safeguards that the blocks are accepted in the
proper order and it also assists in the rejection
of erroneous blocks in noisy circumstances.

Another safeguard introduced to minimize the
chance of accepting an erroneous hlock is the
fail-safe feature of the repetition cycle including
the backward channel. As an example, when the
circuit is open owing to some interruption and
the receiver is offered trash, every incorrect
block is likely to be rejected on account of the
non-arrival of the backward supervisory signal.
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For longer interruptions, the process will nor-

. mally involve establishing a new connection and

recommencing transmission. There will also be
the case in which the data transmission is being
frequently delayed by line interference; the
quick solution for the switched connection is to
seek another circuit. A connection which is too
noisy for the transmission of data can be
recognized without difficulty because the noise
would result in a normal telephone connection
being released and re-established.

5. Faster Transmission

The study of the data receiver design has led
to the recognition that operating margins could
be greatly improved by eliminating the wide
variation in the characteristic of the received
signal. Interesting work has been carried out
on minimizing delay distortion by automatic
equalization of the connection. The received
signal is so much improved by this process that
investigations are in progress to increase the
information transfer rate of a single telephone
channel by using multi-level signals. With
multi-level technique, each pulse can carry 4,
8, or even 16 bhits of information and hence
the information rate would be significantly in-
creased. It is envisaged that error correction
would be provided by retransmission.

6. Conclusion

Operational experience has shown that data
transmission in blocks with correction of errors
by retransmission is eminently suited to the
needs of many users with a load pattern of
something between 1 to 50 million characters
per day. Error detection based on a 12-bit cyclic
code and a 4-bit sequence number provides a
service which is so reliable that the user is
scarcely aware that errors do occur in trans-
mission and are automatically corrected. More
check bits would increase the security, but the
quality of service is already such that it is
unlikely that any further increase would even
justify the small extra cost and reduction in
information transfer speed.
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The correction by retransmission inevitably in-
volves some delay; if the possibility of delay is
unacceptable, it is necessary to transmit suffi-
cient redundancy to allow automatic correction,
a process which can only tolerate a certain
amount of message distortion. The needed in-
creased redundancy involves a higher modula-
tion rate and more expensive terminal equip-
ment. Higher-speed transmission using more
bandwidth than that provided by a single speech
circuit is unsuited to block transmission because
of the short loop propagation time which can
be admitted for a block that is emitted in a few
milliseconds.

The user with less than a million characters to
transmit daily is less concerned with a reduced
information rate because on short messages
much of the time is needed for establishing the
data connection. The achievement of block or
character synchronism will depend on loop
propagation time, but it should always be more
quickly established with a character or short
block. A character-by-character form of data
transmission needs a device such as a signal
quality detector to hack up the character parity
check. This detector will inevitably reject some
good characters because the signal level is

abnormal. For short messages this extra trans-
mission is acceptable.

Another procedure which has been studied for
users with a small amount of traffic is the intro-
duction of a special block-end signal. Such a
signal allows short messages to be terminated
before the block ends, and it also allows longer
messages to be divided into blocks of fixed
length. Safeguards needed to guard against the
imitation or distortion of this signal are more
complex than the processing of blocks of uni-
form length.
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GH 205 And GH 206 Medium-Speed Data Systems

C. E. BLOCH

Standard Telephones and Cables Limited; Enfield, England

The work of Wright and others had shown
both the feasibility and desirability of cyclic
coding as a means of error detection in medium-
speed data transmission systems. The physical
embodiment of these ideas into commercially
viable systems led to the development of the
GH 205 and GH 206 equipments.

While the error detection technique was thus
established, the resultant error control proce-
dures remained to be solved. Accordingly, cer-
tain fundamental decisions were taken at the
outset on the parameters of the systems to be
developed. Paper tape was initially chosen as
the data source and sink medium. The block
size was chosen as 256 bits of which 240 bits
represent the information content, 12 bits the
protective redundancy, and 4 bits were desig-
nated service bits. The protective polynomial
chosen is of the form X224 X7+ X241,
which it was predicted would give an average

improvement factor of 15000. The equipment

is designed to provide a code “transparent”
channel, such that all transmission errors are
removed, and complete independence of input
coding is maintained.

The block diagram (Figure 1) shows the or-
ganization of both the send and receive termi-
nals of the GH 205. The system consists of a
data source at the send terminal, which can
be either punched paper tape, punched cards,
or computer, controlled by the data source con-
trol. The data are converted to serial form in
the parallel-to-serial converter and stored in a
ferrite store. The latter is addressed and con-
trolled by the logic contained in the store ad-
dress and control module,

The block timing is derived from the block
control, which defines the three periods com-
prising a transmission block, namely, the se-
quence number time (4 bits), the information
time (240 bits), and the redundancy time (12
bits). In addition it also accepts a pulse from
the address counter that is within the store
address and control, defining the end of the
information time. The sequence-number gener-
ator provides the encoded sequence-number in-
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formation to be inserted at the start of each
block, and in addition a sequence control func-
tion is performed by giving to the store address
and control the address of that section of the
store from which the next block of information
is to be extracted.

The essential decision-taking element of the
equipment is the transmission control. This ac-
cepts signals from the modem on the super-
visory channel and decides on the manner in
which the sequence numbers shall change and
whether information will be transmitted or not.
The redundancy generator provides the 12-bit
protective code which is added to the end of
each block. It also generates the pattern used
to obtain block synchronism between the send
and receive terminals. The operating lamps,
alarms, and keys are on the manual control
panel.

The receive terminal comprises a data sink,
which can be either a paper tape punch, card
punch, high-speed printer, or computer, oper-
ating under the control of the data sink control
logic. The serial-to-parallel converter alters the
serial bit stream obtained from the store into
parallel characters for the data output. The
store operates under instruction from the store
address and control.

Incoming information from the receive modem
is examined and the relative clock rate between
send and receive terminals adjusted by the bit
synchronizer. The receive clock is thereby either
advanced or retarded to ensure that each incom-
ing bit is examined at its centre point. Block
synchronism is obtained by the block control
which also functions, as in the send terminal, as
a timing signal encoder, defining the basic
periods within a block. A sequence number
checker verifies the incoming sequence number
against an expected code, and the redundancy
check determines whether the data have been
corrupted during transmission. The signals re-
ceived from the latter two units are interpreted
by the transmission control which determines
the signal to be returned to the send terminal
over the supervisory channel, and the action to
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be taken at the receiving terminal in anticipa-
tion of the resultant change in the sequence of
data. The signals received from the manual
controls and the alarms displayed on the con-
trol panel result from action taken by the trans-
mission control.

When a manually initiated transmission is re-
quired, the operators establish a voice connec-
tion between the send and receive terminals.

GH 205 and GH 206 Medium-Speed Data Systems

With the peripheral equipment ready, or com-
puter in the data-transmission mode, the oper-
ators switch from speech to data, thereby pass-
ing “request to send” signals to the modem.
The modems respond with “clear to send,” at
the same time transmitting tones over the line.
When the send terminal has received the super-
visory signal and is in the data mode itself, it
will start to send synchronizing blocks. These

SOURCE AND SINK ERROR DETECTION AND CORRECTION l TRANSMISSION
DATA
INFORMATION | r SEND | LINE
-»| STORE L P COMBINER » vooem F—>
3 REDUNDANCY -
REDUNDANCY 1
PARALLEL- CONIENCE TIME
TO-SERIAL ;
CONVERTER START OF INFORMATION 1
x ¥ INFORMATION TIME SEQUENCE
" | NnumBER
END OF SEQUENCE
INFORMATION NUMBER
4 TIME
DATA aooores | 1 | repunpancy BLOCK v i
source | AND GENERATOR CONTROL GENERATOR
CONTROL
1 4 : L STROBE T
DECRE -
INCREMENT MENT
DATA SEND TRANSMISSION MODEM CONTROL
SOURCE i CLOCK CONTROL 0
CONTROL
3 SUPERVISORY SIGNAL
1 REQUEST DATA |
START/STOP .
SEND
- - - - -— MANUAL CONTROL f——- - — f—_——
lSTART/STOP RECEIVE
%Alm i RELEASE DATA MODEM CONTROL
CONTROL INHIBIT DATA TRé(N)ﬁn#;%SLION SUPERVISORY SIGNAL I
START OF SEQUENCE 3 !
INFORMATION NUMBER TIME Je—— CORRECT OR WRONG ——»
END OF
INFORMATION REDUNDANCY TIME
A 4
TOR
DATA ADDEES BLOCK REDUNDANCY SEMENE
SINK AND ' CONTROL CHECKER CHECKER
CONTROL
IYYYVYYYY ‘:‘ A f ]
l ‘ . f ADVANCE H
SERIAL-TO OR RETARD ' LINE
- 10= RECEIVE BIT RECEIVE
PARALLEL STORE CLOCK BIT TIMING SYNCHRONIZER {¢ MODEM [&—0
CONVERTER ' '
INFORMATION f DATA o |

Figure 1—Block diagram of the GH 205 equipment.
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blocks consist of 244 bits of alternate 7 and 0
reversals, followed by 11 7’s and a 0 in the last
bit. At the receive terminal the incoming re-
versals are utilized to ensure that bit synchro-
nism is obtained, by advancing or retarding the
position of the timing wave pulse to strobe each
incoming bit in the centre. In addition the block
control at that terminal examines the message
for the 11 I’s and a 0 to determine the correct
element for block synchronization. Immediately
block synchronism has been attained the signal
on the supervisory channel requesting a repeti-
tion (RQ) is removed and transmission of
information commences 1 block later.

Information is read at high speed into the
ferrite store in blocks of 240 bits. All informa-
tion transmission is from the ferrite store, with
sequence numbers prefixed and redundancy ap-
pended at the end of the information. The latter
is checked in the receive terminal for trans-
mission errors. To ensure that the correct syn-
chronizing block is generated, the redundancy
generator is primed at the beginning of every
block with a starting pattern such that with a
pattern of 244 bits comprising alternate 7’s and
0’s, the redundancy will consist of the pattern
of 11 I's and a 0.

In the event of a detected error the receiver
transmission control will initiate an RQ (re-
quest for retransmission) by sending binary 1
on the supervisory channel for § of the follow-
ing block. When the sending terminal receives
an RQ in the block following the error block,
it will stop transmitting information in the
centre of that block and send 1:1 reversals for
the remainder of the block. The following block
will be a synchronizing block and this will
be followed by a repeat of the information
originally in error, with the same sequence
number as when first transmitted.

The receiver, on detecting a block in error,
will completely ignore the following block,
check the synchronizing block, and if that is
correct will proceed to accept the repeat of the
erroneous block. The incoming information is
stored but will only be output to the data sink
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when it has been verified. If, however, the re-
ceiver determines that an error has occurred in
a synchronizing block, resynchronization must
take place before it continues to accept informa-
tion. By placing a continuous RQ on the line,
the send terminal is instructed to send further
synchronizing blocks until the two terminals
are once more in step. Alarms are provided in
the event of parity errors at the send termi-
nal. Also, if after 8 successive attempts the
terminals have failed to transmit a block of data
due to line noise, a retransmission alarm occurs
and the operators must revert to speech.

Facilities also exist for automatic answer of
either a send or receive terminal from a remote
attended point.

Figure 2 shows a GH 205 twin terminal
equipped with Facit tape reader and tape punch
and fitted with the logic for interfacing with a
Honeywell H220 computer.

A careful examination of the block diagram of
the GH 205 twin terminal shows that there is
a commonality of equipment between the send

Figure 2—The GH 205 equipment.
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and receive terminals, which in an either-way
terminal could be effectively eliminated.

The GH 206 is just such a system in which this
duplication is eliminated to cater for either-way
data transmission requirements, and where sys-
tem changes are introduced to reduce the over-
all hardware content, without at the same time
sacrificing any of the sophistication and subtlety
of the error protection. The block diagram in
Figure 3 shows the organization of the GH 206.

A combined input/output unit, to provide the
data source and sink, is connected across a
standard interface, with a combined send/re-
ceive error detection and correction unit. The
entire approach has become a modular concept
based on a common error detection and correc-
tion unit designed to handle a wide range of
peripheral equipments such that any special-
purpose engineering required for matching
peripherals to the error detection and correction
unit would be confined to the input/output unit.
Additionally, such advantages as may pertain
from having a data source with inherent stor-
age, such as bi-directional paper tape readers
or bi-directional incremental tape recorders, can
be incorporated as desired.

The message format has been altered for the
GH 206 to give 3 sequence number bits fol-
lowed by 240 information bits, one decision bit
designated the cancel bit in position 244 of the
block, followed by 12 redundancy bits. In addi-
tion, a more complex synchronizing procedure
has been established in which three forms of
synchronizing block have been defined. These
are (A) a start-of-message block, (B) a syn-
chronizing block, and (C) an end-of-message
block.

These three blocks have an identical informa-
tion content but vary in their sequence numbers.
The information content comprises a combina-
tion of 1:1 reversals, and 2:2 reversals for the
last 30 elements of the information period of
the block. In other respects the system has been
made identical to the GH 205 in its retrans-
mission cycle and line signalling procedures.
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Figure 3 shows a block diagram of a GH 206
either-way medium-speed data transmission
system. Information derived from the data
source is serialized in the input/output register.
If the data source has a bidirectional facility,
then no additional storage is required for the
send facility, but if not, the information is fed
via straps A to the store. Under the instruction
of either the store address and control or the
data control, information is passed into the error
detection and correction section and, during the
information time, the combiner transmits the in-
formation to line via the modem. A sequence
number generator generates the sequence num-
ber during the sequence number time as defined
by the block control, and the redundancy gener-
ator, by examination of the combiner output,
generates the protective pattern appropriate to
the block. Overall control of the system is vested
in the transmission control, which interprets
signals received from the control panel and the
supervisory channel. The various synchronizing
blocks are generated by the synchronizing pat-
tern generator, and the cancel bit is inserted by
the transmission control.

When operating in the receive mode the in-
coming data are regenerated in the bit synchro-
nization logic and strobed in the centre of the
element by the receive clock. The sequence
number is checked against that expected in the
sequence number check logic while the re-
dundancy generator derives the check pattern
appropriate to the received signal for com-
parison with the received redundancy in the
redundancy checker. The state of the cancel bit
is determined by the cancel bit checker, which
instructs the store address and control (via the
transmission control) when to output to the
input/output register and from there to the
data sink under control of the data control.
When synchronizing blocks are being received,
the synchronizing pattern generator output is
checked against the received pattern in the syn-
chronization checker logic.

Operationally the systems differ in that initial
synchronization is essentially a manual process
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in the GH 206. The operator presses the START
pATA key at the send terminal, having pre-
viously established the call, while the receive
terminal operator presses the RECEIVE DATA
key. The send terminal will send start-of-
message blocks, which serve to reset the receive
logic and establish initial synchronism. When
the two terminals are synchronized the SEND
DATA button lamp will flash, and when the but-
ton is pushed information transmission will
commence.

The purpose of the cancel bit is to provide ad-
vance warning to the receive terminal of any-
thing amiss at the send end. The resultant
action is to ignore the information content of
the following block. It is used to warn the
receiver of any RQ signals received, and thus
helps to distinguish between genuine and false
requests for repetition, and it can also be used
as a warning of incorrectly transmitted parity
as a result of peripheral errors.

By using the input/output register to feed in-
formation directly from data source to data sink,
the equipment can operate in the copy mode.
This contrasts with the GH 205, which loops the
input and output wires to achieve this facility,

f

Figure 4—The GH 206 equipment.
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GH 205 and GH 206 Medium-Speed Data Systems

but this also can be used to fully check out a
complete twin terminal. A GH 206 twin termi-
nal is shown in Figure 4 with Teletype BRPE
110 paper tape punch and Tally bi-directional
paper tape reader. The equipment is housed in
a desk-height cabinet and uses ITT standard
equipment practice for card mounting.

Experience to date on both United Kingdom
switched circuits and transatlantic cable circuits
has indicated that the predicted error improve-
ment factor with both equipments is slightly
pessimistic due to the additional safeguards
incorporated in the systems. Since the periph-
eral equipment used will not give a perform-
ance which is better than the residual error
rate of the equipment a quantitative assessment
becomes unrealistic. However, the improvement
factor is certainly in excess of the predicted
figure of 15 000. In fact statistics gathered from
some of the 80 systems in present use have
shown that a character error rate of 1 in 40
million has been realized. These figures have
been gathered during the period from August
1966 to March 1967, although actual working
experience does extend over four years and
represents 28 system-years of working.

The present range of equipments will allow
their use over circuits with a loop propagation
delay of not more than 200 milliseconds at a
speed of 1200 bauds. However, equipments
have been modified by increasing the store size
and have been used over both synchronous and
non-synchronous satellite systems to give the
same high standard of system integrity. When
used on circuits with echo suppressors of the
disabling type, both data terminals will allow
the use of recommended procedures of the In-
ternational Telegraph and Telephone Consulta-
tive Committee (CCITT) for the disabling of
such echo suppressors, in particular when auto-
matic calling or answering is incorporated.

The use of automatic answering facilities with
the GH 205 is rendered possible by the com-
pletely automatic nature of both start-up and
close-down procedures and it is noticeable that
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during operation, even under manual control of
the transmission path, the operator is not aware
of intermittent line interruptions, other than the
check in data flow when errors are being cor-

rected. Alarm facilities are however incorporated
to ensure that lengthy disconnections are brought
to the attention of the operator or in the auto-
matic case to close down the link.

C. E. Bloch was born and educated in South
Africa, receiving his B.Sc. (Eng.) degree at
Witwatersrand University, Johannesburg, in
1955.

After a 2-year graduate apprenticeship in the
United Kingdom he joined South Africa
Philips where he was Head of the Industrial
Applications Laboratory.

In 1961 he joined Standard Telephones and
Cables in London where he is manager of the
data communication engineering department.

Mr. Bloch is a member of the Institution of

Electrical Engineers.

Filter Design Tables and Graphs

Erich Christian of ITT Telecommunications in
Raleigh, North Carolina, and Egon Eisenmann
of Telefunken AG in Backnang, Germany, are
the authors of a recently published book on
“Filter Design Tables and Graphs.”

The introduction includes definitions of terms
and a statement of the problem, normalization,
band transformations, standard approximations
of the reference lowpass, realization procedure,
design of filters between arbitrary terminations,
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and numerical examples. It is followed by the
main part of the book consisting of tables and
nomographs used in the design of filters of the
Butterworth, Chebyshev, and Cauer types.

The book is 8.5 by 11 inches (21.6 by 28 centi-
meters) and contains 312 pages of text and
drawings. It is published by John Wiley &
Sons, 605 Third Avenue, New York, New
York 10016, at $9.95 per copy.
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Pulse Code Modulation for Automatic Switching

of a Military Network

J. LE CORRE
A. PIROTTE

Laboratoire Central de Télécommunications; Paris, France

1. Definition of the Problem

A military tactical telephone network should
permit combat-zone units, no matter where
located and despite possible partial destruction
of the network, to set up communications with
one another with complete security and by auto-
matic means.

These severe conditions can be met only by
maximum reliability and flexibility in operation.
The network should be adaptable to many pos-
sible modifications of traffic, recognizing the
trend away from telephony towards transmis-
sion of digital data even at very high speed.

The application of pulse code modulation prom-
ises excellent coordination between both trans-
mission and switching.

2. Advantages of Pulse Code Modulation

Pulse code modulation replaces analog signals
by purely digital signals for which a signal-to-
noise ratio of 10 decibels is sufficient for
safely recognizing the useful signal. It is there-
fore eminently suitable for a network having
various means of transmission that are subject
to great disturbances. For radio transmission in
particular, it permits utilization of the same
frequency channels for links that are geographi-
cally so close that other types of modulation
would fail because of excessive crosstalk.

It should also he noted that it will operate
with purely electronic equipment for which the
required technical reliability has been ade-
quately demonstrated. This is not the only ad-
vantage of pulse code modulation.

For instance, it permits the digital data to be
sent at high speed. The standard rate is 48 000
bauds per channel. This rate cannot be realized
completely because of losses of information if
the system is subjected to intense interference,
or losses may be introduced by the resynchroni-
zation methods described later. However, de-
spite these potential losses of information the
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use of redundant codes permits the detection,
or even the correction, of errors, and transmis-
sion rates of 20000 or 30000 hauds can be
reached with very great security.

This great transmission capacity can be used
for the exchange of information between units
inside an exchange as well as between ex-
changes in the network.

This transmission within an exchange leads to
a simplification of equipment. In the network
it improves the operational reliability by per-
mitting the use of a particularly attractive
method for routing calls.

3. Network

The tactical network of the combat zone that
we studied for the French Army is a fully auto-
matic mesh network having transit exchanges
or zone exchanges Z at its nodes (Figure 1)
to which the local exchanges LE are connected
to serve the subscribers through small switching
units called concentrators. The latter may be
at various distances from the local exchange,

All these switching centers are interconnected
by multiplex pulse-code-modulation highways.
Each such highway comprises 23 communica-
tion channels and a synchronization channel. A
concentrator is linked to its local exchange by
a single multiplex highway. A local exchange
whose maximum capacity is 6 pulse-code-modu-
lation highways is linked by one or more such
highways to at least two transit exchanges
whose total capacity is 18 pulse-code-modula-
tion highways.

4. Routing of Calls

4.1 PrINCIPLES OF SEARCH

Each subscriber of the network possesses a
specific directory number. The numbering is
of the closed type, that is, the number of digits
is constant for all directory numbers. Each
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subscriber can be placed anywhere in the whole
network while keeping the same directory
number.

In each exchange of the network directly con-
nected to the concentrators (local exchanges),
the numbers of all the subscribers connected to
the line equipments are written in a semiper-
manent memory.

The full number of the called subscriber is
received by the local exchange in which the call
originates. An examination of the memory de-
termines if the called subscriber is connected
to this exchange,

If so, the called line is tested and if free is
connected directly with the calling subscriber.

If the called subscriber is not in the originating
exchange the directory number is sent towards
all the other exchanges over free channels on
the multiplex highways connected to the origi-
nating exchange.

As the called number spreads through the net-
work, each local exchange searches its memory
to determine if it has that number.

The local exchange serving the called subscriber
sends a return order towards the calling ex-

change over the path through which it received
the call.

This search not only finds the called subscriber
but also establishes the routing of the call, and
any free path between the calling and called
exchanges is seized automatically.

4.2 DETAILS OF THE SEARCH FOR A CALLED
SUBSCRIBER

Take as an example, the mesh network shown
in Figure 1.

At each node of the network the zone exchanges
Z11, Z12,. .., Z34 are set out.

Each Z is linked to the nearest 4 Z by 4 routes
of 1 or more highways and also to various local
exchanges.

Two local exchanges LEA and LEB are shown
in Figure 1, each having 2 concentrators, CAZ
and CA2, and CB1 and CB2, respectively.

The setting up of a connection between LEA
serving the calling subscriber and LEB serving
the called subscriber will be examined.

Three types of orders are used for the search
for the called subscriber and the setting up of
the connection.

LE I
237 ZJEK > 233

LE LE

LE LE,

Figure 1—A typical mesh
network having transit or
zone exchanges Z at the
nodes to which local ex-

Y
N
&

‘——E’L"_j < 222

217 <

changes LE are connected.

Concentrators CA and

CB are connected to the
local exchanges.

358

ELECTRICAL COMMUNICATION

Volume 42, Number 3 1967



(A) A search order coming from the originat-
ing exchange spreads throughout all the ex-
changes of the network.

(B) A return order is sent by the exchange
serving the called subscriber.

(C) An end order then comes from the origi-
nating exchange.

Each order bears the number of the called sub-
scriber and a code indicating the type of order.

4.2.1 Setting Up a Connection Between LEA
and LEB

When the dialled number has been received by
LEA, the semipermanent memory is consulted.
If the called subscriber is not connected to LEA,
a search order is sent to the zone exchanges
Z11 and Z12 connected to LEA.

Each of the exchanges receiving the order
sends it to all other exchanges linked to it (Z
and LE) and stores the number of the called
subscriber, the search order, and the identity
of the highway from which it received the
search order.

During the setting up of a connection, an ex-
change Z may receive a search order for the
called subscriber several times successively. For
instance, the exchange ZZ21 receives a search
order from Z11 then from Z22. The first search
order heing stored. the following ones will be
ignored.

The search order reaches every exchange of the
network that has a free channel connecting it to
any other exchange.

In each local exchange, the called number is
compared with those of the subscribers served
by the exchange.

The local exchange serving the called subscriber,
LEB in the example in Figure 1, after finding
the number in its memory sends a return order
over the highway Z24 from which it received
the search order.

The latter in turn sends the return order over
the highway from which it was received.

ELECTRICAL COMMUNICATION
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Thus, step by step, the return order goes from
exchange LEB to the originating exchange
LEA marking a path through the network:
LEB, z24, 223, Z13, Z12, and LEA.

In each exchange, the path thus designated
is stored.

On receipt of the return order the originating
exchange LEA in a similar way sends an end
order to all exchanges.

This end order sets up the connection between
LEA and LEB through the zone exchanges
(224, 223, Z13, Z12) marked by the return
order and erases the information concerning
this call from the memories of all the other
exchanges not concerned with the connection.

4.3 ADVANTAGES OF METHOD

The advantages of the method include the flexi-
bility of automatic search for the called sub-
scriber and the security provided by widespread
routing of the calls.

The automatic search for the called subscriber
makes the numbering plan completely inde-
pendent of the arrangement of the network and
of modification of it.

Each subscriber is characterized by a specific
number and has complete freedom to move
throughout the network. The assignment of a
new line consists merely in introducing this
directory number into the semipermanent mem-
ory of the local exchange concerned. The exact
nature of this very simple operation depends on
the type of memory used.

The same mobility is also possible for the ex-
changes. Each local exchange can be displaced
with the whole of its subscribers or not, the
architecture of the network (zome exchanges,
transmission highways) can be completely re-
vised without modification of the numbering
plan.

The automatic routing of calls permits maxi-
mum advantage to be drawn from the transmis-
sion and switching equipments of the network,
regardless of what damage may have been done
to them.
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The security provided by the mesh character
of the network assures that a call will arrive
as long as a free path remains.

All things being equal moreover, this results
in an increase in the possible traffic on the
transmission highways, which permits their
number or their size to be decreased.

It should be noted that in a network using
conventional signalling techniques, the necessity
of signalling from the originating exchange to
every other exchange in the network would
sharply "limit the size of the network and its
traffic capacity. However, pulse code modulation
permits a single channel to transmit 48 000
binary digits per second. This speed provides
amply for this redundant signalling even for
a large military network having high traffic
capacity.

In the prototypes constructed, protection against
errors is ensured by transmitting the digits for
the directory number and type of order twice.

Directory numbers have 5 digits and the length
of an order including the start signal is 16
frames of pulse code modulation.

The signalling channel between two exchanges
could therefore handle 500 orders per second
for a single direction. A signalling channel will
handle the search order and the end order for
a call. However, only the channels retained for
a call will transmit the return order.

The number of possible calls per second in a
network depends on its configuration, and an
estimate for an unfavorable case is about 200
calls per second.

For an average length of conversation of 2
minutes, it corresponds to a traffic of 24 000
erlangs, which seems a great deal even for a
very big network.

Numerous variants of searching are possible.
For instance, the search for the called sub-
scriber can be made in two stages. In the first
stage the $earch is restricted to a part of the
network close to the calling exchange. Only
if this does not find the called number will a
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general search be made throughout the network.
This avoids blocking of the whole network by
short-distance calls, which are often most fre-
quently made in a big network. In another
method the called subscriber will be assumed
to be in a certain part of the network and the
search is first made in this zone. If this does
not succeed, a general search is made.

5. Description of Equipment

5.1 CONCENTRATORS

The concentrators (shown in Figure 2) have a
capacity of 50 subscribers and are linked to
the exchange by a multiplex highway.

Speech is sampled at a rate of 8 kilohertz or
every 125 microseconds. As each sample is al-
lotted 5.2 microseconds for transmission a mul-
tiplex highway accommodates 23 simultaneous
conversations and a 24th channel for synchroni-
zation.

The encoding of the samples is done in the
concentrator by means of a pulse code modula-
tor operating in series logic and supplying a
pure binary code of 6 bits (64 different quanti-
zation levels). The steps of these quantization
levels are not uniform and produce a compres-
sion effect. The compression curve of the code
versus the signal is shown by three straight-line
segments with twa different slopes in Figure 3.

The decoder restores the signal with an expan-
sion curve complementary to the compression
curve of the encoder.

The subscriber gates which sample the informa-
tion in the two transmission directions are con-
trolled by a line decoder. The identity of the
subscriber to be decoded is stored in a memory
comprising 23 lines corresponding to the 23
possible connections:

It should be noted that the direct-current sig-
nals corresponding to the state of the line (hand-
set on hook or off hook) as well as the voice-
frequency digit signals are transmitted by the
same path as the speech signals.
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The logic functions of the concentrator are very
simple and consist mainly of setting up and
releasing a connection between a subscriber and
a given multiplex channel. After logic process-
ing, these functions are reduced to the erasing
or writing-in of a code in a line of the subscriber
memory.

To connect a subscriber to a channel, the ex-
change sends to the concentrator over this
originally free channel the code of the subscriber
to be written in the memory on the line as-
signed to this channel. There is therefore no
other blocking than that resulting from the con-
centration as each subscriber has access to all
the channels.

To release the connection of a subscriber with
a channel, the concentrator sends onto this chan-
nel a code that is characteristic of the releasing
function (a code that is normally forbidden in
speech) and is identical to the rest code.

The detection of a subscriber placing a new
call and the testing of the line of a called sub-
scriber is done from the exchange by succes-
sively making brief connections to all sub-
scriber lines to determine the state of each line.

Pulse Code Modulation for Switching

If a subscriber is busy, the identity of the
channel with which he is connected is trans-
mitted to the exchange.

Two different types of voice-frequency terminal
equipment exist, a 4-wire subscriber line equip-
ment and a 2-wire equipment, permitting the
concentrator to work with local or central-bat-
tery exchanges.
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Figure 3—Compression curve of the encoder.
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The concentrator requires 70 watts. The power
supply is incorporated in the equipment.

5.2 TRANSMISSION

The transmission between concentrators and
exchanges or between exchanges is over cable.
Repeaters are inserted every 1200 meters
(4000 feet) to regenerate the pulses transmitted
at the rate of 1152 kilohertz.

5.3 EXCHANGE

The information in series bits may arrive with
a frequency that may be different from that of
the exchange.

In addition the switching operations are carried
out hy processing the information in parallel
form (the 6 bits for each word being trans-
mitted at the same time).

There are three major equipments that will be
discussed.
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Figure 4—Organization of a group.
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(A) Interface equipments between transmis-
sion and switching (incoming group).

(B) Switching equipments (local junctors and
space switch).

(C) Control equipment with its peripheral
units.

5.3.1 Incoming Group Equipment

A group having a capacity of 144 channels could
serve 6 incoming highways H;...H,, each of
24 voice channels V,...V,, as shown in Fig-
ure 4,

Any channel is indicated by associating the
identity of its highway with its number in this
highway, for instance, V,,H,.

The role of the group equipment is to syn-
chronize the information on its arrival in the
exchange, to carry out a multiplexing of the
6 highways that constitute a group of 144
channels, and to carry out the serial-to-parallel
conversion of the 6 bits for each word.

The synchronizing operation is done in two
stages. The first stage consists in using the
series-parallel transformation to synchronize
pulses word by word. The incoming highways
then form a group having in common the 6
outgoing wires of the words in parallel form
with words succeeding each other every 0.87
microsecond.

Although the highways will be connected suc-
cessively, the voice channels will not be in
sequence and we may receive V,H,, V,H,,
V11H35 V23H4J VGHG! V17HG! V2H1’ V6H23
V,H,,..., .

The second stage consists in rearranging the
successive words so that we have V,H,, V,H,,
VlHay V1H4s V1H59 VlHG; VZHI’ V2H27
V.H,,..., .

This operation will be carried out for each
highway in a memory having 24 X 6 = 144
cells. The 6 binary digits in which the words
of the different channels of the highways are
written are stored in the cells corresponding to
their row.
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The addresses of these cells are given by a 6-
line address memory of 5 binary digits. In each
line, assigned to one of the 6 highways, is
written the number of a channel and, on each
readout of the line, this number is increased
by 1.

When the number of the 24th channel is read
out on a line, the word to be written in the
memory should be the synchronizing code. If
this condition is not verified, a signal is sent
to the central synchronizing circuit to correct
the synchronization of the highway.

5.3.2 Switching Between Groups

The link between the channels of the different
groups is made by means of a space switch and
local junctors, as shown in Figure 5.

Each local junctor has access to all the incom-
ing groups and processes 72 connections in
time-division multiplex.

The maximum number of groups of 6 highways
is three. Added to these groups is a supplemen-
tary group called G,, which is the exchange
control circuit.

Hyy == 12 4p
"o GROUP «
b 6y <>
Hig—P 12
.
:
.
12
Hyy = <>
3 : GROUP i
6' -
Hye™ P 3 27"
] GR{,(:)UP 2 4>
4
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sl JUNCTOR | *°* | JUNCTOR
MAINTENANCE

OPERATOR

Figure 5—General organization of an exchange.
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These groups are interconnected to one an-
other by as many local junctors as there are
groups.

A local junctor essentially comprises a 72-line
memory of 22 binary digits that are divided
into 5 words.

One word of 3 binary digits is for the super-
vision meniory shown in Tfigure 6. Another
single word of 6 Dbinary digits contains the
information to he switched in the speech mem-
ory. A third word of 7 binary digits defines
a time slot out of 72 slots in the time-division
switching memory. IFinally 2 words each of 3
binary digits give the space selections of the
two corresponding groups in the acyclic and
cyclic space switching menories.

The space switch has two independent trans-
mission directions. Eacl intersection point com-
prises two sets of 6 gales in parallel.

The control of the intersection point, common
for the 12 gates, is given by the decoding of
the group selection words.

The local junctor works in time division with
a cycle of 125 microseconds divided into 144
units of 0.87 microsecond each.

At each time interval the local junctor carries
out the time-division switching of one channel
of an input. The 144 units of time are divided
into two categories; 72 cyclic times corre-
sponding to cyclic readouts and writings of the
memory with a clock and 72 acyclic times corre-
spouding to readout-writing by random address-
ing of the memory.

5.3.3 Control Circuit

The connection between the control circuit and
the speech circuit is made by using the speech
circuit itself and by considering the control
circuit as a group with respect to the informa-
tion that it exchanges with the other groups and
with the local junctors.

The control circuit processes any call while
taking advantage of the redundancy of the
speech circuit, thus providing very great op-
erational security.
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The control circuit operates in time-division
multiplex, according to a cyclic process and
at the same speed as that of the speech circuit.
Tt is interconnected with the speech circuit by
the equivalent of 3 multiplex highways or 72
channels. Of these 48 channels are used for
handling digital information and 24 channels
are used for voice frequencies concerned with
maintenance, operators’ sets, and conference
circuits.

The exchange of orders and information be-
tween the control circuit and the local junctors
is made when the synchronizing channels are
connected to the highways, during which no
information is processed in the junctors.

The control circuit is made up mainly of two
logic units, the input-output logic that processes
supervision operations for the different channels
and calls on the general logic as soon as a sig-
nificant change is observed, and the general
logic that processes in a multiplex way the
various problems that are presented to it. A

72-line memory of 24 binary digits is asso-
ciated with these two logic units.

5.3.4 Semipermanent Memory

A semipermanent memory contains all the in-
formation concerning the subscribers’ lines, the
translations and programs of the logic units
of the control circuit, and the maintenance.

5.3.5 Mamtenance

Maintenance uses two distinct types of opera-
tion, automatic and manual.

Automatic operation permits the display of the
subscribers to be put in or withdrawn from the
false-call memory, the highways not in service,
and the breakdowns resulting from the tests
carried out from the programs written in the
semipermanent memory.

Manual operation permits the display of data
taken from time slots chosen by the operator
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at either the input or output of the logic units
of the control circuit.

In addition, the maintenance system includes
all the control equipments for putting the ex-
change into service,

6. Supply

The exchanges can be supplied from 220-volt,
50-hertz generating sets or from the mains.
In permanent operation part of the supply is
duplicated for security reasons.

7. Mechanical Presentation

The main part of the exchange is contained in
several identical metal coffers with a weight
of about 70 kilograms (155 pounds). The cof-
fers are transportable by hand and can be
mounted in racks or stacked directly atop each
other (Figures 7 and 8).

Both local and zone exchanges are as identical
as possible and differ only in the number of

Figure 7—Front view of metal coffers in which the
exchange equipment is mounted.
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group equipments and in the programs stored

in the semipermanent memory.

Each exchange consists of three equipments.
(A) A common equipment providing power
supply, control circuit, and semipermanent
memory. This equipment is contained in 5
coffers.

(B) A switching unit (a group equipment and
a local junctor) contained in 1 coffer. An ex-
change may have from 1 to 3 switching units
giving a maximum capacity of 18 multiplex
highways.

(C) A maintenance set and an operator set
contained in 2 smaller coffers.

The concentrator consisting of logic, subscrib-
ers’ line equipment, and supply is contained in
a standard coffer.

Figure 8 —Rear view of coffers holding the exchange
equipment,
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An exchange can be set up in a shelter trans-
portable on a truck. A local exchange generally
uses only 1 switching unit, and 2 concentrators
can be added inside the shelter.

8. Conclusion

A tactical network constituted by the units
described in this article will have all the char-
acteristics of flexibility and security that are
imposed on the transmission services of a mod-
ern army.

Four prototypes at present being finished will
permit field tests of the equipment as well as
of the method of automatic call routing. For
this purpose, simulators permitting a compli-
cated network to be represented are included
in the prototypes.

The volume and the energy consumption of the

equipments using discrete components and semi-
conductors shows an enormous gain with re-
spect to exchanges of the electromechanical
type. They could, however, be reduced even
more through miniaturization techniques and
especially by integrated circuits.
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Elements for a General Theory of Service Processes

Application of Characteristic Functionals in Traffic Theory

R. FORTET

Faculté des Sciences; Paris, France

Consultant to Laboratoire Central de Télécommunications; Paris, France

Editorial Note: This paper, a summary of which appears below, was presented at the 5th International
Teletraffic Congress, which was held in New York, New York, on 14-20 June 1967. Copies of the
Sfull paper in French or in English are available on request.

A service system 2 can be considered as a
device that transforms an input x(#) (the flow
of calls, for instance) into an output v (¢) (the
flow of served calls, for instance), let us say:

y(t) = T[x()]; usually

x(t) and y(¢) are stochastic processes

T is a nonlinear transformation

7" is a stochastic transformation (because
the holding time is random, for instance).

The mathematical study of 2, particularly the
determination of the probability law of (),
given the probability laws of [ 7, x(£)], can be
performed explicitly only in some particular
cases; a basic case is the one where x(¢) is a
Poisson process. But in many cases, x(t), the
input for T, is the output of another service
system 2’ and the Poisson assumption is not
good. For considering multistage systems,
networks on the whole, et cetera, there is a
need for a theory applicable to any input x(f).

With an arbitrary input x (), there is no chance
of getting complete and rigorous equations;
but we can succeed in building systematic ap-
proximation methods. A first success in this
way is the results obtained by Kingman and

Teletraffic Engineering Manual

This book was originally published in German
under the title “Projektierungsunterlagen fir
Vermittlungssysteme” and is now available in
English. Following an introduction and explan-
atory material are detailed tabulations and dia-
grams basic to the design of telephone and tele-
printer switching systems.
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others for waiting problems; in this case, the
approximation is based on the assumption
that the traffic offered is close to the conges-
tion value. In case of lost-call systems, the
approximation could be based on the assump-
tion that the loss probability is small.

For developing such a theory, a useful tool
could be the representation of the probability
law of a stochastic process x(f) by its char-
acteristic functional ¢(f); ¥ being a conven-
iently chosen vectorial space of functions f to ¢,
¢(f) is defined as a function of f in &, by

o(f) = Eexp [+ff()x(t)dt]
where
E = mathematical expectation.

Usually the functions f are taken as positive
real functions; it may be useful in some oc-
casions to admit random complex functions f.

The relation y{¢) = 7[x(¢)] can be expressed
by the fact that the characteristic functional
¥ of ¥(¢) is a determined function 7" of ¢. The
problem is to find an approximation method
for computing ¢ = 7' (). The application to
simple cases seems promising.

Measuring 11 by 15 centimeters (4.4 by 5.9
inches) the book may be obtained from Stand-
ard Elektrik Lorenz, 42 Hellmuth-Hirth-
Strasse, 7000 Stuttgart-Zuffenhausen, Federal
Republic of Germany, at DM 8 per copy.
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Entraide Networks Combined with Link Systems*

B. CANCEILL
D. GUTIERREZ

Standard Eléctrica, S.A.; Madrid, Spain

1. Introduction

The design of all modern switching systems is
based on multistage link operation. As the aim
is to minimize the cost of equipment for a re-
quired grade of service, a compromise is found
among many others between the matrix sizes
and the number of stages. It is known that
for networks in which all paths have the same
length, the smaller the matrix the larger the
number of stages, but this is evidently limited
by the amount of control required.

It is also well known that the minimum cost of
a switching network varies little with matrix
size, so that manufacturing standardization
usually favors adoption of only a few sizes.
The manufacturing economy of limited matrix
sizes and the flexibility introduced by the con-
cept of entraide permit the development of
new networks in which all paths are not of the
same length.

A link system with entraide is defined as a
system in which some outlets from a given con-
necting stage are connected to inlets of the
same or a preceding stage. Thus calls may
traverse a given stage more than once. Usu-
ally, such longer paths are last-choice paths.
The terms ‘“‘mutual aid,” ‘“re-entering over-
flow,” and ‘reciprocal overflow” have also
been used in the rather scarce literature on
this subject. As proposed to the Nomenclature
Committee of this Congress, the short term
“entraide’ is preferred.

2. Geometry of an Entraide Network

2.1 PURPOSE

The description that follows is related to a
particular design. Figure 1 represents the
entraide network between K sections or matri-
ces, whatever be the stage of the link system
they pertain to. Each of these matrices has 7

* Presented at 5th International Teletraffic Congress,
New York, New York; 14-20 June 1967.
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inlets from the preceding stage and s outlets to
the next stage, plus ¢ entraide outlets and =
entraide inlets, respectively, to and from the
other (K — 1) matrices of the same stage. We
shall only consider here the case n < e< ¢
defining e as equal to the minimum of [,
(K — 1)n], so that each of the K#n entraide
inlets is multipled over an average number
. = ¢/n of the outlets, in fact taken only among
(K — 1)e of them. For ¢ being a whole
number > 1, this may be considered as the
homogeneous grading of Kn devices with
availability e. If 7 is fractional, we have a
pseudo-homogeneous grading with the two
interconnection numbers 4, <7 <Zy=17:+1.

Such an entraide network is then defined by
the parameters K, e, #, from which can be
derived the average number f’ of entraide
links between any two sections.

f = minimum [n,k—%]. 6]

It is to be noted that, when f’ is not a whole
number, the K(K — 1) groups of such uni-
directional links can be divided in K, groups
of fi links and K, groups of [,y = fi’ + 1
links, with

Ki+ K;= K(K — 1)[ @
Kifi + K,fy = Ke. |

The generalization is applicable to bidirec-
tional entraide links but will not be considered
here.

OUTLETS
INLETS Ks

Kr

v

Ke

n.
>———K__J

Kn
ENTRAIDE
LINKS

MATRIXES

i=e/n

Figure 1—Entraide network.
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2.2 DESCRIPTION OF A PARTICULAR CASE

Approximate calculations can be made from
the preceding information, but a more-precise
description is needed for traffic simulation.
Figure 2 is for a case where K = 7 matrices
numbered from 0 to 6, and # = 4. The entraide
links may be numbered from 0 to 3 within each
matrix, but we have considered that it is easier
for addressing a computer memory to number
all of them from 1 to K#, here from 1 to 28,
starting from those of matrix 0. Finally the
entraide outlets are numbered from 1 to 12
within each matrix (¢ = 12).

We have adopted here the usual drawing
conventions for homogeneous gradings: on a
grid of (K — 1)e = 6 X 12 = 72 points, some
of them have been joined in groups of three,
because here ¢ = minimum [12, (K — 1)n]]
= 12, so that the interconnecting number is
i =¢/n = 12/4 = 3. It is explained on the
right-hand part of the figure why it is valid
for any one of the K matrices, because of the
cyclical rule applied.

A horizontal cut on this figure shows the
number, /' = ¢/ (K — 1) = 2, of entraide links
between any matrix and any of the others
(K —1).

The link 15 marked on Figure 2 is one of the
two links from matrix 0 to matrix 3; it uses
outlet 9 of matrix 0 and inlet 2 of matrix 3;itis
commoned also with outlet 8 of matrix 1 and
outlet 7 of matrix 2.

2.3 HuNTING RULES

The entraide network so far described is used
only to build paths through the whole link
system when shorter paths are not available,
that is, when none of the s outlets of a matrix
may serve to build a free path together with
one of the 7 inlets of the same matrix. Such a
case would lead to blocking without entraide;
it is fairly possible that a path may be built
through the entraide network from a usable
inlet to a usable outlet in another matrix.

We have then one stage more in the conditional

ENTRAIDE OUTLET NUMBERING WITHIN THE MATRIX
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Figure 2—Entraide net-

370 ELECTRICAL COMMUNICATION

' . work
ENTRAIDE LINK NUMBERING WITHIN THE MATRIX

details showing
cyclical permutation.

)
|
¥
(o] 02 03 | 04
05 06 o7 | ‘08
|
09 10 (LI 12 )
—l ENTRAIDE LINK
13 14 157 16 NUMBERING
i WITHIN THE GROUP
17 18 19 20
21 22 23 24
25 26 27 28

Volume 42, Number 3 - 1967



selection process, this stage being loaded by
only a part of the total traffic.

Let us consider a call that has reached one of
the inlets in a defined matrix but for which the
only usable outlets are within some, maybe
all, of the other matrices (K — 1). The path
hunting rule through the entraide stage is
sequential without home position among all the
matrices (K — 1) having both usable outlets
and free entraide links from the calling matrix,
then again sequential with home position
among those free matrices out of the f’ so
defined.

As traffic simulations are easier to program by
applying the exact hunting rules existing in the
actual circuits, we have also reversed the hunt-
ing direction at each call attempt, the starting
point being chosen at random.

From this hunting rule, it can be expected that
the busy-hour operation of this homogeneous
grading is not far from the assumption of ran-
dom hunting, that is, this set of entraide links
may be considered as a symmetrical traffic
group in the precise sense given by Fortet and
Canceill [17].

Table 1 shows all entraide links available from
each calling matrix for the case presented geo-
metrically in Figure 2. As stated the hunting
rule is from a random starting point so that

Entraide Networks Combined with Link Systems

each line is to be considered cyclical or re-
peated modulo 12. Hunting direction is from
left to right for even-numbered calls and from
right to left for odd-numbered calls.

2.4 MEAN AVAILABILITY

The concept of equivalent availability received
attention in Germany some years ago, where
Bininda and Wendt [2] proposed it for single-
stage gradings and 2-stage link systems.
Kharkevich [3] and Lotze [4] have also
devoted some effort to this subject, but the
present state of the art shows in some cases
marked differences between equivalent avail-
ability and the mean value of a wvariable
availability.

Nevertheless we present here shortly the
‘calculation of mean availability for the
entraide network so far described.

If each of the K matrices has s ‘‘direct”
outlets, the variable availability k’'(d) from a
given calling matrix to the Ks outlets of the
group is a number between s and Ks, which
depends mainly on the traffic load d of the
entraide links. Following Le Gall’s lemma [5],
we calculate it first assuming Bernoulli dis-
tribution on entraide links.

Let us call P, the probability that &
determined matrices out of the (K — 1) are

TABLE 1
ENTRAIDE LINKS AVAILABLE FROM EACH CALLING MATRIX
Nt Entraide Links
0 05 07 709 11 13 15 18 20 22 24 26 28
1 09 | 11 | 13 | 15 | 17 | 19 | 22 | 24 | 26 | 28 | 02 | 04
2 13 15 17 19 21 23 26 28 02 04 06 08
3 17 19 21 23 25 27 02 04 06 08 10 12
4 21 23 25 27 01 03 06 08 10 12 | 14 16
5 25 27 01 03 05 07 | 10 12 14 16 18 20
6 01 03 05 07 09 11 14 16 18 20 22 24
!
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available through an entraide network and
the others (K — 1 — k) are not available.
Then

k(d) = Ks — (K — 1)s 2. CghPr (3)

with
Pe= @@ =@k @)

Expanding P and replacing d* by the prob-
ability of x determined entraide links being
busy in the symmetrical traffic group of Kn
devices, denoted, that is

[p;t]DKn
with D = Knd, we have
E=Ks— (K—1)s-4 (5)
Hj<K—-2 .
4= Z% Cig_oCig_s ;
7, J==

X (= 1)f[p/EHHD Pr,. (6)

It is easily shown that only the termz + j = 0
is different from zero, so that

B=s{K — (K = D[P Pra}. (7

This equation reads for entraide traffic with
Bernoulli distribution

F'(d) = s[K — (K — 1)a"'] (8)

and for entraide traffic with Erlang distribu-
tion

Eg,(D) ]
=== |. 9
Exy @) ]

This result shows that if entraide traffic is
maintained within certain limits, that is, with
[p”"] low enough, the availability from one
calling matrix to all the outlets of the group is
nearer to Ks than to s, its value measuring in
some degree the permeability of the entraide
network.

(D) = S[K — (K —1)

3. Approximate Dimensioning Methods

3.1 PRINCIPLES

Up to now, all approximate dimensioning
methods for multistage link systems rely on
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the assumption of stochastic independence
between successive stages. The principle of
this method may be conveniently associated
with the names of Jacobaeus [6], Lee [7],
and Le Gall [5], the latter having clearly
shown the distinction between the geometric
and the stochastic parameters.

When applied to entraide networks, this
method implies the following steps.

(A) Construct a graph of possible paths not
using entraide links.

(B) Derive the entraide traffic offered to each
entraide network.

(C) Construct a graph of all possible paths
that do or do not use entraide links.

(D) Derive the final blocking.

For points (B) and (D) intelligent guesses
have to be made concerning the traffic dis-
tribution at each stage.

In a recent paper, Grandjean and Chastang
[8] have studied isolated entraide networks by
solving the equations of state, but obviously
this method cannot be generalized to multi-
stage link systems including entraide because
of the size of the linear system to be solved.
Their results then apply only to entraide
networks associated with single-stage systems.
When entraide networks associated with
2-stage (or more) link systems are considered,
calculation of entraide traffic is of a different
nature; this traffic may be considered as that
refused by a link system instead of a full-
availability group, and it is known that
internal blocking, or matching loss, arises for
a large number of combinations of busy de-
vices within the successive stages. This is why
a description of only the mean entraide traffic
may be considered as a better approximation
than if it derived from full occupancy of
full-availability groups.

Thus, in the following approximate calcula-
tions, we will consider Erlang traffic distribu-
tion in the symmetrical entraide trafhc group.
No better justification can be given than com-
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parison of calculated results with simulated
results, which is given in Section 4.

3.2 ENTRAIDE NETWORKS WITH A 2-STAGE
LINK SysTEM

This example has been taken from a crossbar
system because it is well known as is the
terminology used. Figure 3 represents the
grouping of g = 4 group selection units serving
jointly a number of routes of N; = mh, trunks
each and a total traffic 77 It is clearly shown
that the outlets of the 4 group units are
multipled, so that £,N; < 1040 = 20 X 52.

Each group unit has m = 20 secondary
sections of 52 outlets and fK = 14 inlets
(secondary selectors), and K = 7 primary
sections with 40 inlets (primary selectors),
40 direct links and 12 entraide outlets, and
n =4 entraide inlets (primary entraide
selectors).

Figure 4 shows the graph of the paths available
for a call intended for a given route. The mf
direct links available from the calling section
have been drawn with dotted lines, and the
remaining (K — 1)mf direct links in solid
lines.

3.2.1 Calculation of Entraide Traffic

Classical equations for a 2-stage link system
give the time congestion without entraide with

2- STAGE GROUP UNIT g

7 X 2=14
1120) 280 /' 40 / 1040 ] 1040
2 [a0-20x 2 o
4 g=4
3
K=7 m=20
I
[
[
1120 ~7 1040
— 280 1040 vl >
I |
7w |H

Figure 3—Representation of g = 4 group units, cach of
2 stages plus entraide.
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Erlang distribution on the route and Bernoulli
distribution on the mf direct links (out of total
Kmf, or even gKmf for proper distribution of
incoming routes over the gK primary sections).

Py =3 Gipd)
=0

. Emhi(T‘i)
— Yy T
X (1 pl) E(’"“j)hi(Ti) (10)
_ 21
pr= gKmf (11)

offered load per direct link.

This equation reduces for #; < 1 to Jacobaeus’
equation

Pl = Emhi(Z‘i),/Emh[(Ti,/Plf) (12)

which may be considered as a good approxima-
tion of (10) for values of k, greater but not
much greater than unity.

The total traffic gD offered to the g entraide
networks will then be calculated (full occu-
pancy of the outgoing group causes immediate
rejection of the call, or second attempt, or
alternative routing) through the equation

gD = Z :Z‘iEmhi(Ti)r

X [= 14 1/Em(T:/p))]  (13)

Considering that this total tratfic is equally
distributed over the g entraide networks, we
have D erlangs offered to the Kn entraide
selectors of each unit.

3.2.2 Calculation of Blocking

Using Figure 4, the blocking towards route ¢
is easily derived with the following equation
for a 3-stage link system completely inter-
leaved.

K—1
P;= 3 QrPryr: (14)
k=0

where Q; is the distribution of the number & of
primary sections available through the entra-
ide network and Py.y,; is the blocking of the
2-stage link system constituted by route ¢ and
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the (k 4+ 1)mf links to which access is given
by the calling section and the other & primary
sections considered. Then

EKn (-D)

k
= Cp_qt Cor (— 1)k __
Qk =1 )\§=_:6 k ( ) EKn~e+)\f' (D)

(15)

Pk+1,i = EmM(Ti)/Emhi(Ti/Pl(kH)f)- (16)

Strictly speaking, the equation used for
Pry1,i is only approximate because, for values
of the summation index k near to K — 1, the
distribution to be applied to the links is nearer
to Erlang than to Bernoulli. Nevertheless, the
small error then occurring is to be weighted by
the corresponding @, which are usually small.

By providing a sufficient number of entraide
selectors Kn for traffic D, it is possible to
maintain P; very near to Pg,; (blocking if
entraide were perfect), which is nearly equal
to the full-availability loss E.x (1) for
1< 0.72.

A practical method will then be to dimen-
sion the routes according to the f{ull-avail-

|
|
|
|

| i I |

CALLING ENTRAIDE SECONDARY OUTGOING
SECTION SECTIONS SECTIONS ROUTE
| I
ENTRAIDE DIRECT I OUTGOING
LINKS LINKS TRUNKS |
(2_:0,;)!" ( 37 )f ( i )/u-
L i —
gkn gKmf mhi

Figure 4—Paths available for a call.
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ability Erlang equation and determine the
resulting internal blocking as the difference
[P; — Eu;(T)] may be less than the re-
quired value, for instance 0.001 or 0.005, by
providing the necessary number of entraide
selectors per group unit. The validity of this
method may be assessed by comparing the
values of internal blocking calculated with
the results of traffic simulations.

3.2.3 Sumplified Calculations

In most of the practical cases, the number of
entraide selectors is provided for an average
entraide link load of 0.25 < d < 0.50 erlang.
When this is the case, the calculation of (15)
and (16) is greatly simplified by the use of
Table 2 due to Chastang [9], giving the cor-
rection factor ¢ to be applied to Pk, the loss if
the entraide were perfect.

P =1+ Pk a7

It has been found that e depends mainly on K
and d”" (of entraide links) but much less on p,
and on the load of the outlets. Then Table 2
has been calculated ‘‘on the safe side,” for low
C and high p4, and is of real help for practical
dimensioning of various group units.

Approximate equations for ¢ are

e (K — 1)<PK*1 - 1>df’, d <035 (18)
Px
_E—1{Pxs N\,
ex ( . 1>d d <050 (19)

For d > 0.50 (that is, in the practical range of
K and f' values when 1 — (K — 2) d' is
significantly different from zero) these equa-
tions cannot be guaranteed to give results on
the safe side, and calculation of (15) and (16)
is needed for all K values.

4. Traffic Simulation

4.1 MobDEL AND ASSUMPTIONS

The model used is known as the “‘roulette” of
Kosten, simulating actually the time-inde-
pendent Markov process of the successive
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states of the network by generating indepen-
dent call attempts and call releases. The result
is an unbiased estimation of the call congestion.

Only Erlang type traffic has been considered
here, that is, constant probability of a new call
attempt, though Engset and Bernoulli type
traffic could have been generated easily, be-
cause the inlets of the network studied here
cannot be considered as primary traffic
sources. As we did not want to make any
restrictive assumption concerning the size of
incoming traffic routes and their actual cabling
on the inlets of the group units, we have ap-
plied the following rule of allocation of call
attempts to inlets: to choose at random one
starting point among all the inlets, then to
allocate this call to the first free inlet by se-
quential hunting from this starting point. It is
then found that a call attempt will always be
placed on one inlet, unless all inlets of the
network be simultaneously occupied.

Such an assumption is rather conservative and
is likely to give blockings on the safe side,
because in actual operation of exchanges, the
traffic offered to such a network has always
been somewhat smoothed by the preceding
stages. We think nevertheless it is better to
perform intrinsic study of the group units

Entraide Networks Combined with Link Systems

considered by offering them pure Erlang
traffic. Any simulation generating Bernoulli
distributed traffic on the groups of inlets of
each matrix is likely to give lower blockings
than the actual ones.

4.2 PsEupo-RaNDOM NUMBER GENERATOR

A series of random numbers uniformly dis-
tributed is needed for these simulations, as
well as for event generation, for allocating calls
to inlets and calls to routes, for choosing start-
ing points of sequential hunting rules, and for
choosing the path to be released. We have
used independent series of 32-bit pseudo-ran-
dom numbers, generated through a congruent
multiplication method. The starting number
and, more important, the multiplier have been
chosen after extensive statistical tests in-
cluding correlation tests.

4.3 NUMBER OF CALLS SIMULATED AND
StaTtisTicCAL CONFIDENCE

All simulations start from unoccupied state,
so that a number of calls have to be placed
and released before reaching statistical equilib-
rium. This transition increases with the size
of the network to be simulated, in fact with

TABLE 2
CORRECTION FACTORS ¢

K 7 6 5 4

7 2 14/6 2 14/5 2 14/4 2

e 2 12/5 2 12/5 2 3 2 3 2 4 3 2
0.225 0.03 0.02 0.03 0.03 0.04 0.005 0.03 0.01 0.035 | 0.0 0.01 0.03
0.250 | 0.035 | 0.02 0.035 0.03 0.05 0.01 0.03 0.015 | 0.04 0.0 0.01 0.04
0.275 | 0.04 0.025 0.045 0.035 | 0.065 0.01 0.04 0.015 0.055 0.0 0.015 0.045
0.300 | 0.05 0.03 0.055 0.04 0.08 0.01 0.05 0.02 0.07 0.005 0.015 0.06
0.325 0.06 0.035 0.065 0.05 0.095 0.015 0.065 0.025 | 0.09 0.005 0.02 0.07
0.350 | 0.075 | 0.05 0.08 0.065 | 0.11 0.025 0.085 0.035 | 0.12 0.01 0.03 0.09
0.375 0.09 0.065 0.10 0.08 0.13 0.035 0.11 C.05 0.14 0.015 0.04 0.11
0.400 | 0.11 0.085 0.12 0.10 0.15 0.05 0.13 0.07 0.17 0.02 0.06 0.15
0.425 0.13 0.11 0.15 0.13 0.18 0.07 0.17 0.09 0.21 0.035 0.085 0.20
0.450 | 0.16 0.13 0.18 0.16 0.22 0.10 0.21 0.12 0.26 0.05 0.12 0.26
0.475 | 0.19 0.16 0.22 0.19 0.26 0.13 0.26 0.15 0.32 0.07 0.15 0.33
0.500 | 0.23 0.19 0.26 0.23 0.31 0.16 0.32 0.19 0.38 0.10 0.21 0.41
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the total intensity of traffic simulated. In the
examples described, we have arbitrarily
limited it to 10000 call attempts before
starting to count blocked calls.

Statistical confidence is estimated through use
of Student’s ¢ distribution. For a number # of
samples of 5000 calls each, an unbiased estima-
tion of the variance o2 of the loss probability B
is calculated from the sample variance &2

. n ;
=gt = S (B- BE (0)
- 1
b =-% B (21)
=1
Then, at a 95-percent confidence level, the

true value B falls in the following confidence
interval B &= AB with

g

AB = 10.95,n- (22)

1g

n’

[S)

Practically, the value of #y.45,, is near to 2 when
n is greater than 10, that is, for more than
50 000 call attempts.

To shorten the simulations, all routes have
been taken equal within one experiment, thus
allowing averaging of the number of lost calls

to each route. Routes of 20, 40, and 80 trunks
have been considered (4 = 1, 2, and 4).

4.4 ResuLts

We have selected the following set of simula-
tions because they present some aspects of the
blocking behavior againstdifferent parameters.

In Table 3, g = 4 group units are fully loaded
for serving 1040 trunks. It can be seen that the
Erlang loss of the routes is fairly high, which
explains the high values of calculated entraide
traffic. Nevertheless, in such cases, the mea-
sured entraide traffic is smaller. For Erlang
losses of the routes in the range of 0.01, both
calculated entraide traffic and total loss ap-
proximate rather well the values obtained by
simulation. For smaller Erlang losses, the
calculated entraide traffic is smaller than the
measured traffic, but the total blocking is kept
very near to the Erlang loss of the routes, so
that the error does not influence practically
the value of the internal blocking, that is, the
difference P — Py, or (1 4+ ¢)Px — E.

We remark also that, for the higher loads, Pg
is less than E, which means that Erlang dis-
tribution is distorted on each route, this effect

SIMULATION RESULTS FOR g =

TABLE 3
4 Grour Units SERVING 1040 TRUNKS

Number of Routes R

and Sizes mh 52 Routes of 20 Trunks

|
|

26 Routes of 40 Trunks 13 Routes of 80 Trunks

[
|
Data \ ! I
Traffic per link 1 I 078 0.75 0.72 . 0.68 0.78 0.75 0.78 0.75 0.72
Total traffic RT } 873.6 840.0 806.4 761.6 873.6 840.0 873.6 840.0 806.4
Traffic per route T { 16.80 16.15 15.51 14.65 33.60 32.31 3 67. 20 64.62 62.04
Simulation Results [
Number of attempts C1 | 120 000 100 000 100 000 100 000 120 000 100 000 100 000 280 000 140 000 160 000
Route loss P I 0.0659 0.0584 0.0515 0.0394 0.0321 0.0262 0.0195 0.0130 0.0076 0.0043
Total loss P 0.0917 0.0741 0.0588 0.0414 0.0466 0.0328 0.0215 0.0172 0.0089 0.0047
=+ Confidence interval | =40.0046 | +0.0053 | 4 0.0039 | 40.0034 | +0.0041 | +0.0040 | +£0.0024 | £0.0017 | +0.0017 | =0.0009
Iintraide rate Car/C1 0.1180 0.1005 0.0828 0.0606 0.0929 0.0711 0 0514 0.0588 0.0384 0.0233
Entraide traffic (total) | 103.1 84.5 66.7 46.2 78.1 59.7 | 1.4 32.3 18.8
Calculations
Erlang loss E = Em(T) 0.0814 0.0674 0.0547 0.0397 0.0402 0.0291 0.0201 0.0150 0.0083 0.0042
Loss if]pelgfect en- 0.0844 0.0688 0.0555 0.0399 0.0417 0.0297 0.0204 0.0156 0.0085 0.0043
traide Pk
Total loss (1 4 )Pk 0.1802% 0.1100% 0.0636* 0.0401 0.0390% 0.0365 0.0214 0.0168 0.0086 0.0043
Entraide rate (P1 — E) 0.1615 0.1213 0.0896 0.0571 0.1019 0.0667 0.0416 0.0458 0.0228 0.0103
Entraide traffic (total) 141.1 101.9 72.3 43.5 89.0 56.0 33.6 40.0 19.2 8.3

* This value has been calculated through (15) and (16) because calculated entraide traffic is too high to allow use of approximate equations.
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being probably due to interdependence of the
stage of links and of the stage of outlets.

In Table 4, the number of routes has been
taken smaller than the maximum possible to
focus the attention in the range of Erlang
losses near to 0.01. Here again, the approxi-
mate calculation methods give rather good
approximation of total blocking, a little on
the low side, but precise enough for engineering
use. Though the entraide traffic is always
underestimated by the approximate calcula-
tions, we suppose that the favorable effect of
interdependence compensates rather well for
the error made on calculated entraide traffic.

Last of all, these simulations show that in case
of overload the interdependence effect be-
comes more important, so that degradation of
the grade of service can be expected to be less
pronounced than was forecast.

We think this phenomenon applies generally
to all multistage link systems; unfortunately,
up to now it has proved rather difficult to take
it into account in approximate dimensioning
methods except for very simple 2-stage link
systems.

Entraide Networks Combined with Link Systems

4.5 CONFIDENCE INTERVALS

Some simulations have been performed for a
much larger number C; of call attempts to get
some insight into the convergence process. It
is found that the confidence interval decreases
very slowly, though the measured value is
rather equal to the theoretical value. It may
then be guessed that the calculation of this
interval for a confidence of 95 percent,
through use of Student’s ¢ distribution, is
rather conservative. Confidence levels of 90
percent or 80 percent could be visualized, or a
narrower law than Student’s { chosen.

4.6 CoNTAGIOUS PROCESS

A priori the principle of re-entering traffic on a
given stage through such an additional entra-
ide stage may be considered dangerous; some
constantly increasing or contagious blocking
process may be feared and this is why the
entraide has been practically applied to only
a small amount of the total traffic, say, less
than 10 percent.

However, the partial results presented here do

TABLE 4
SiMULATION RESULTS FOR g = 3 GrouPr UNITs SERVING FEWER THAN 1040 TRUNKS
Size of Routes ml 20 Trunks 40 Trunks 80 Trunks
Number of Routes R 52 | 51 [ 48 23 22 i‘ 21 11 10
- B S S S IO S P N U R
Data l i
Traffic per link p, 0.75 | 0.72 0.6 0.78 | 0.75 0.72 0.78 0.72
Total traffic RT 630.0 1 604.8 571.2 655.2 1 630.0 604.8 655.2 604.8
Traffic per route T 1212 | 11.86 11.9 2849 | 28.64 28.80 50.56 60.48
! —— —— | -
Simulation Results ! !
Number of attempts C; 100 000 1 100 000 | 100000 | 140000 | 100 000 | 100 000 | 330000 | 240 000
Route loss Pg 0.0094 |  0.0091 1 0.0091 0.0069 0.0077 0.0093 0.0019 0.0026
Total loss P 0.0121 ;  0.0100 0.0094 0.0112 0.0091 0.0098 0.0030 0.0028
+ Confidence interval | 0.0016 | £0.0012 | £0.0009 | #0.0022 | £0.0014 | £0.0012 | £0.0006 | 40.0005
Entraide rate Cu/Ch 0.0562 | 0.0432 0.0305 0.0555 0.0431 0.0344 0.0331 0.0165
Entraide traffic (total) 354 ; 26.1 17.4 36.4 1272 20.8 21.7 10.0
Calculations ‘
Erlang loss E = E,.(T) 0.0106 |  0.0089 0.0091 0.0081 0.0087 0.0093 0.0021 0.0026
Loss if perfect en- | 0.0109 ’ 0.0091 0.0092 0.0085 0.0089 0.0094 0.0022 0.0027
traide Py |
Total loss (1 + )Pk ’ 0.0115 0.0094 0.0093 0.0091 ;  0.0092 0.0095 0.0022 1 0.0028
Entraide rate (P, — E) | 0.0432 1 0.0296 0.0217 0.0388 0.0311 0.0265 0.0125 ' 0.0068
Entraide traffic (total) | 27.2 J 17.9 12.4 25.4 19.6 16.0 8.2 | 4.1
| i }
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not show such contagious behavior: It seems
as if the interstage dependence acted as a
good “‘antibiotic!” It is then possible that
design engineers have been too timid in ap-
plying this principle, and ‘that larger use of
entraide in presently designed
switching systems may prove feasible and may
produce crosspoint savings. This will be the
subject of later studies.

electronic

5. Conclusion

The practical dimensioning of entraide net-
works combined with link systems has been
shown possible through an approximate cal-
culation method. The precision of such
methods was not expected to be very good, be-
cause the errors made in calculating entraide
traffic react as a multiplying factor on the
calculation of final blocking.

Nevertheless we have shown that there was
some compensation for the error stemming
from the mandatory independence assumption,
so that fortunately the method gave reliable
results in a fairly good range for practical
application.

Similar results have been obtained by Le Gall
and Basset [10]in a study dealing with special
reinforced entraide arrangements designed for
large exchanges. Not only are the approach
and the results similar, but the assumptions
underlying the simulations are the same as
those pointed out in Section 4.1; particularly
the inlets are not primary traffic sources so
that the probability of a new call attempt must
not be made independent of the instantaneous
level of occupation in the group.

‘We hope this modest contribution will serve as
a basis for more-extended studies, as well as
for theoretical work covering large families of
networks. It is particularly necessary to
emphasize the role of those parameters that

determine the design of such systems.
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Call Routing Strategies in Telecommunication Networks *

CH. GRANDJEAN

Laboratoire Central de Télécommunications; Paris, France

1. Introduction

The telephone systems that are now in oper-
ation are, if a few experimental exchanges are
excepted, electromechanically controlled and
they offer at a reasonable cost relatively limited
possibilities as regards call routing. On the con-
trary, all the modern semielectronic, quasielec-
tronic, or fully electronic telephone systems that
are now being analyzed, designed, or developed
have electronic control units that are in fact
more or less specialized computers. Due to the
specific properties of the computers, these sys-
tems offer at a low cost a great flexibility [1]
for routing calls, both inside the exchange and
from one exchange to another. At the expense
of a small increase in the size of the memories,
strategies can be implemented that are elaborate
enough to produce optimal traffic flow—if how-
ever we know how to define such an optimum
—and satisfactory reliability.

Moreover the International Telegraph and Tele-
phone Consultative Committee (CCITT) has
become interested in the handling of intercon-
tinental traffic by what will be defined later as
“dynamic” strategies, which take into account
the state of occupancy of the different routes
available to set up a connection determined by
an origin and-a destination. Such strategies per-
mit not only an improvement in traffic balanc-
ing and in some cases an increase in the amount
of traffic handled but also better utilization of
an intercontinental network by taking advantage
of the noncoincidence of busy hours in different
countries [2].

The problem of finding an optimal strategy
implies first of all the defining of what may be
called an optimality criterion, which will be
discussed in Section 4 of this paper. The prob-
lem itself can be stated in two different ways.

(A) For a particular existing network and a
given traffic pattern, what is the best way of
using the network? In other words, how do we
maximize (or minimize) a certain function (for

*Presented at Fifth International Teletraffic Congress
in New York, New York; 14-20 June 1967.
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instance the total traffic handled) defined by
the criterion.

(B) For a given traffic pattern, how do we
design an optimal network? In this case, not
only an optimal routing strategy must be found
but also the optimal configuration of the net-
work.

The second problem is obviously much harder
than the first and will not be considered in this
paper.

Optimal strategies have been investigated by
several authors and namely in a remarkable
paper published recently by Benes [3], where
a number of heuristic rules are given and
several optimality theorems are proved; un-
fortunately, the results apply only to certain
classes of strategies and networks.

(A) The strategy is such that no call is refused
when it is possible to route it through the
network.

(B) The network is such that all possible paths
to route a call have the same length, that is, the
same number of links used in tandem.

Consequently, the study of Benes applies mainly
to the speech network of an exchange. Our aim
in the present paper is to study routing methods
in a network interconnecting several exchanges
for which the above two points cannot be ad-
mitted. This problem has also been studied by
several authors and particularly by Weber [4],
who showed that the two points in question
were closely correlated in the sense that for
those networks where the possible paths for
routing a given call do not all have the same
length, it is better in certain cases to refuse some
calls that could be accepted if circuit freedom
were considered as a sufficient condition. This
conclusion will be emphasized further on in this
paper.

After some general considerations on a possible
classification of routing strategies and perform-
ance criteria, numerical results obtained by arti-
ficial traffic simulations on a simple network
will be presented, discussed, and compared with
the results given by approximate calculations.
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2. Classification of Routing Strategies

2.1 DEFINITIONS

Before examining the different possible strate-
gies we shall first give the definition of some
terms to be used throughout this paper.

Consider for instance the communication net-
work of Figure 1. A communication network
can be represented by a graph the nodes of
which are exchanges (for instance telephone
exchanges) such as A4, B,..., . A branch of
the graph, such as 4B, BD,..., is a trans-
mission section, that is, the set of circuits con-
necting exchanges 4 and B, B and D,..., .
Each section can be composed of one group of
one-way or bhoth-way circuits or of two groups
of one-way circuits, each group being used in
the latter case for one direction of transmission.
In some cases, not considered here, a section
may have two groups of one-way circuits and
one group of both-way circuits. An exchange is
said to be a tandem exchange if it is provided
with the necessary switching equipment to in-
terconnect incoming circuits of one section with
outgoing circuits of another section. For ex-
ample, let us assume that sections AB and BC
(Figure 1) are composed of both-way circuits;
if a call from exchange A to exchange C can be
routed via exchange B, then B is a tandem ex-
change. The path followed by a call through the
network is called a route: a route is therefore

12

8

Figure 1—Communication network.
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composed of one or several sections (more pre-
cisely of one or several oriented groups of cir-
cuits, if there are no both-way circuits). The
length of a route is defined as the number of
sections the route is composed of; this is a
topological length. When necessary the metric
length of a route will denote the sum of the
lengths of the different sections of the route
(expressed in meters, kilometers, miles,...).
An exchange that does not have the tandem
feature is a terminal exchange and handles only
its own outgoing or incoming calls.

The amount of traffic, expressed in erlangs, that
is originated by a particular exchange and
destined to another particular exchange is a
traffic flow. The set of all traffic flows of a
network is the traffic pattern, which can be
represented by a square traffic matrix with as
many rows and columns as there are exchanges
in the network.

In a communication network, there are gen-
erally several possibilities for routing a given
call, each possibility corresponding to a differ-
ent route. For instance, in the network of Fig-
ure 1, if the circuits are both-way and if ex-
changes C, D, and E are tandem exchanges, a
call from 4 to B may use one of the following
routes.

AB of length 1
AECB, AEDB of length 3
AECDB, AEDCB of length 4.

As soon as there is more than one possible route
to establish some calls, a rule must be applied
to choose the route to be assigned to each call.
Such a rule will be called a routing strategy
(some authors prefer: routing method, routing

policy,...).

2.2 CLASSIFICATION

There exists a very large number of possible
routing strategies in a communication network;
that is why we shall attempt to introduce a
classification of routing strategies according to
their main characteristics.
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2.2.1 Stochastic Nature

A routing strategy is probabilistic if the choice
of the route involves to some extent a prob-
ability distribution. In the above example con-
cerning a call from A4 to B a probabilistic rout-
ing strategy might consist in choosing route 4B
with probability p,, route AECB with prob-
ability p,,..., route AEDCB with probability
ps so that p, + p, +...4+ p; = 1, if all 5 routes
are available and free.

Strategies which are not probabilistic are deter-
ministic. A particularly important case of de-
terministic strategies is the sequential strategy
where possible routes are hunted in a pre-
scribed order; for each point-to-point relation,
a routing table gives a list of the possible routes
and the order in which they must be chosen.
If the list for a call from 4 to B is given, in
our example, by AB, AECB, AEDB, AECDB,
AEDCB, the call is routed directly if section
AB (group of circuits AB) has at least one
free circuit; if not, the call is routed via ex-
changes E and C if all the three sections in-
volved have at least one circuit free, and so
forth.

Sequential strategies are used in the routing
method known as “alternate routing” [5].

A trivial particular case of sequential strategies
is the direct strategy where each call can use
only one route.

2.2.2 Dependence on Network Occupancy

A routing strategy where the choice of the
route depends on the state of occupancy of the
different sections (or one-way groups of cir-
cuits) involved in the different possible routes
will be designated as a dynamic strategy. If the
choice of the route does not depend on this
state of occupancy, the strategy is said to be
static: for example, the above sequential strat-
egy is static.

An example of dynamic strategy is as follows.
Let P; denote the percentage of busy circuits of
the most loaded section (highest percentage of
busy circuits) for each possible route. The route
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chosen will be that having the lowest P; at the
instant of the call arrival. Additional rules may
be needed if the values of P; can be the same
for two different routes. This strategy could be
called: strategy of the mini-max loaded section.
Such a dynamic strategy, which by no means
intends to be an optimal strategy, would prob-
ably tend to balance the traffic handled by each
section.

223 Time Dependence

If the application of the rule defining a routing
strategy requires a clock (depends on real
time) the strategy is nonstationary or transient.
If not, the strategy is stationary. The strategies
defined in the above examples were stationary ;
an example of nonstationary strategies will now
be given. Consider again the network of Figure
1 and assume exchanges E and B are transit
exchanges so that two routes are possible for
a call from 4 to C. If this network is an inter-
national network it may happen that busy hours
of sections EC and BC do not coincide [2] and
do not overlap. Then, a simple nonstationary
strategy is to route A-C calls via exchange B
during the a priori busy hour of section EC
and reciprocally via exchange E during the
busy hour of section BC, both busy hours being
determined from other traffic flows. Consider-
able savings in the number of circuits can be
obtained in that way as compared with a cal-
culation of the number of circuits that would
not take into account this noncoincidence of
busy hours.

In fact, the nonstationary strategy that has just
been described could be replaced by a dynamic
strategy, but the latter would need a continuous
measurement of the occupancy state of sections
EC and BC whereas the former implies the
measurement (from time to time for updating)
of the busy hours of these two sections, exclud-
ing traffic flow between exchanges 4 and C.

2.24 Cost Dependence

All the examples given above concern cost-
independent strategies. In a cost-dependent
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strategy, the route chosen is that for which
some cost function is minimal. The cost func-
tion may involve the topologic or metric length
of the routes.

2.2.5 Quality Dependence

The route chosen for routing a call may also
depend on the transmission quality (signal/
noise ratio) of the different sections involved
in the possible routes. This may be the case
in networks using heterogeneous transmission
techniques (metallic wires and radio links for
instance).

2.2.6 Mode of Route Selection

In a step-by-step routing strategy, the orig-
inating exchange chooses a free outgoing group
of circuits according to some prescribed rule
(which can itself be classified in the same way
as were strategies in the preceding sections)
and establishes a connection over this section.
The next exchange thus reached operates again
in the same way, and so on, until the desired
exchange is reached.

In a right-through routing strategy, the route
is selected according to the well-known prin-
ciple of conditional selection, that is, no part of
the route is established before the identity of
the route is completely determined, which im-
plies having some knowledge of the complete
network somewhere.

An intermediate mode of selection is obtained
in step-by-step strategies with possibilities of
crankback [4]; if in an intermediate exchange
all the outgoing circuits which could be used to
reach the next exchange are busy, the inter-
mediate exchange can ask the preceding ex-
change to try another route.

3. Optimization Criteria

The research of an optimal strategy implies
first of all that an optimization criterion has
been defined, otherwise the word optimal would
not have any meaning.
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Criteria have been proposed by Rapp [6] for
network optimization, assuming a given routing
strategy (alternate routing). The value to be
minimized is either the cost of the circuits
under blocking constraints or the total cost of
the circuits and of the blocked traffic, the cost
of the latter being expressed as the cost of the
subscriber’s time.

As regards optimization in telecommunication
networks three problems can be considered.

(A) The most general problem consists in cal-
culating the number and location of exchanges,
the number of circuits between each pair of
exchanges, and in determining the best possible
routing strategy for a given traffic pattern with
blocking constraints expressed as the specified
maximal loss probability for each traffic flow.
The function to be minimized is the overall cost
of the network under the blocking constraints
and the results are the network configuration
and the optimal routing strategy. This general
optimization problem has hardly been ap-
proached up to now.

(B) A restricted optimization problem is the
same as the preceding one, but without trying
to find an optimal routing strategy; one fixed
routing strategy is assumed. The result is the
network configuration. This problem has been
studied by Rapp [6], using alternate routing
as a strategy.

(C) The other complementary restricted prob-
lem is to determine the routing strategy that
minimizes some function under some constraints
when the network configuration (number and
location of exchanges, number of circuits) is
given. The result is an optimal routing strategy.
This problem has been studied by several
authors, namely by Weber [4] who gave quali-
tative rules, but no optimal strategy was found
even in simple cases.

Only this third problem, which in fact consists
in determining the best use of an existing net-
work, will be considered in the following. We
shall first discuss the optimization criteria.
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3.1 Trarric HanprLing CAPACITY

The most important requirement for an optimal
strategy is obviously to be such that the (given)
network handles the largest possible amount of
traffic or, better, the largest possible number
of erlang-kilometers, since the importance of a
call increases with the distance covered. Alter-
natively, as far as the charging method does
reflect the importance of the service given, the
quantity to maximize could be the ratio return/
assets. But this is by no means sufficient;
telephony is not only a commercial institution
that must make a profit but also a social institu-
tion that must give as equitable and as good a
service as possible to every user (in our case to
every traffic flow).

3.2 GRADE OF SERVICE

As just mentioned the grade of service should
be about the same for every traffic flow. It is
easy to see, on simple examples, that in some
cases, maximization of the traffic handled would
lead to complete blocking for some traffic flows.
Obviously, this cannot be accepted. There are
several ways of specifying the grade of service.

(A) The loss probability is given for each
trafhc flow; generally, it is not possible to
satisfy a prescribed grade of service, even ap-
proximately (see Ségal [7]) for each traffic
flow and it is doubtful that an optimal strategy
can be found under such strict conditions.

(B) The loss probability of each traffic flow
must be smaller than some prescribed value,
which may not be the same for every traffic
flow ; such conditions are much easier to realize
than the above ones.

(C) The loss probability of each traffic flow
must be in a prescribed interval; this might
lead to incompatibilities if the interval is too
small.

(D) The loss probability of each traffic flow
must be smaller than some prescribed value and
the variance of the different loss probabilities
must be as small as possible; this would satisfy
the above-mentioned equity criterion.
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Whichever of these specifications may be re-
quired, they will appear as constraints in the
optimization process where the function to be
maximized is the total traffic handled.

3.3 SENsITIVITY TO OVERLOAD

In the example given in the next section it will
be seen that a routing strategy that is better
than another one for a given value of offered
traffic may be worse for another value of of-
fered traffic. This effect is very important in
practice because networks are calculated for a
nominal value of the traffic matrix but over-
loads are frequent. Therefore, it seems that a
comparison criterion should include some clause
concerning sensitivity to overload. For instance,
one strategy is better than another if the former
corresponds to a smaller loss probability within
a certain range of traffic offered (including the
nominal value and a 10 or 20 percent overload).
Alternatively, the maximal loss probability
could be specified not only for the nominal
value of the traffic offered but also for a certain
percentage of overload. These are additional
constraints on the optimization process.

3.4 Cost CONSIDERATIONS

Finally, the optimization criterion might be
expressed in terms of cost; instead of the traffic
lost, the function to be minimized would be a
cost function involving the cost of a lost call
(variable for each traffic flow) and a cost ratio
depending on the length of the route to be used.
Constraints such as those indicated in Sections
3.2 and 3.3 should also be included either in
terms of blocking or in terms of cost.

4, Simulation Results

An optimal routing strategy cannot be deter-
mined of course by simulation but only by
a theoretical approach. But since theoretical
methods appear to be inefficient to solve the
problem, simulation techniques can be expected
to lead to a relative optimum in certain par-
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ticular classes of routing strategies. Such was
the aim of the work presented in this section.

The network considered is shown in Figure 2.
This simple symmetrical network is composed
of 4 exchanges completely interconnected by 6
sections ; each section is composed of 2 one-way
groups of circuits.

The network is moreover completely symmetri-
cal from the points of view of topology, traffic,
and routing strategies. Such a simple network
has been chosen in order to eliminate as many
parameters as possible, making it easier to com-
pare several strategies for different grades of
service.

The following notations are introduced.

% will denote the number of circuits per one-
way group (2n circuits per section).

A will denote the traffic offered in erlangs from
one exchange to any other exchange; for in-
stance, traffic between exchange A4 and ex-
change B is equal to A4 erlangs in each direction
and this is true for any pair of exchanges: the
total traffic of the network is 124 erlangs.

B will denote blocking, that is, the loss prob-
ability for each traffic flow (which is the same
for any pair of exchanges since the network is
symmetrical as are the strategies considered).

n CIRCUITS

V-4

Figure 2—Simple 4-exchange network.
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The 5 different routing strategies that have
been compared are all stationary, deterministic,
and cost independent; conditional selection is
assumed (see Section 2.2).

The following assumptions have been made for
the simulations.

A1—Traffic offered A is Poisson (purely ran-
dom).

A2—Holding time has a negative exponential
distribution function.

A3—Internal blocking is neglected even for
transit calls. It is well known that subscribers
do not have full access to the outgoing circuits
of their exchange: internal blocking may occur
and the variance of the traffic offered is smaller
than that of a Poisson traffic. Both effects are
neglected as well as the internal blocking in a
tandem exchange.

In a first step of the simulation study, 4 strat-
egies were considered.

S1, Direct strategy. This simplest strategy is
taken as a reference; each call can use only the
direct route (of length 1). No simulation is
needed since with our assumptions the blocking
B is given by the Erlang loss formula.

S2, 3-route sequential strategy (Section 2.2.1).
There are 3 possible routes for each call, 1 of
length 1 and 2 of length 2. For a call from
exchange A to exchange B, routes are hunted
in the following order: B, ACB, ADB.
Routes for other traffic flows are easily obtained
by circular permutation.

S$3, S5-route sequential strategy. This is the
same as the previous strategy but with 2 addi-
tional possible routes of length 3. For a call
from exchange A4 to exchange B, the possible
routes are, in this order: AB, ACB, ADB,
ACDB, and ADCB. For other traffic flows,
circular permutation gives the ordered list of
the possible routes.

S4, Dynamic strategy (Section 2.2.2). This
strategy will be explained for an AB call, since
it is also completely symmetrical.
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The first route chosen is route 4B if it is not
blocked, that is, if there is at least 1 free circuit
in the oriented group AB. If not, routes ACB
and ADB are considered. If 1 of them and only
1 is not blocked, this route is chosen. If both
are not blocked the choice is made as follows.

Let n,, n,, n,, n, denote the number of busy
circuits in the oriented groups AC, CB, AD,
DB, respectively, at the instant of the choice.
(n,, n, ny, and n, are all smaller than n.) Let
n' denote the larger of numbers #n,, n, and let
#n” denote the larger of numbers #,, n,. Then
route ACB is chosen if n' < #” and route ADB
is chosen if n” < #'. If »’ = »”', choice is made
at random.

If routes AB, ACB, and ADB are blocked,
choice is made, if possible, between routes
ACDB and ADCB in the same way as above.

Figure 3 gives the results of blocking B versus
traffic offered A4 for n = 50 circuits per l-way
group. A large range of traffic was considered
since one of the main aims of the study was to
compare the sensitivity to overload. Curve 1
for direct strategy S7 is simply the Erlang
curve B = E, (A). Curve 2 gives the value of
B for the sequential strategy SZ2; it was found
that for the other sequential strategy S3 the
value of B was not significantly -different from
that of strategy S2. This is nearly true also for
dynamic strategy S4 except for very small or
very high traffic offered but the difference re-
mains very small (see curve 3).

Figure 4 gives similar results for » = 10 cir-
cuits.

The most striking point is that, in both figures,
curve 2 (or 3) cuts curve 1 at a 3-percent
blocking for 50 circuits and at a 10-percent
blocking for 10 circuits. Below these values
nondirect strategies are better than the direct
strategy but above these values the direct
strategy is better. In other words nondirect
strategies are more sensitive to overload than
is direct strategy. This effect is all the more
pronounced as the number of circuits per group
is increased. A provisional conclusion is that
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nondirect strategies that lead to use of a longer
route than the direct strategy are more inter-
esting in small-capacity networks than in net-
works having large groups of circuits.

Another conclusion is that overload conditions
should be introduced in the specifications of a
telecommunication network because of the differ-
ences in sensitivity to overload that characterize
the strategy used. Consider for instance Figure
3. If the network is designed with 1-percent
blocking (38 erlangs) with direct strategy S1,
the blocking for a 10-percent overload will be
about 3 percent and for a 20-percent overload
the blocking is 6 percent. For the same values
of traffic with other strategies, the figures are
0.1 percent for the nominal value, 3 percent for
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Figure 3—Simulation results for #» = 50 circuits. Curve
1 is for strategy S1, curve 2 for S2 and S3, and curve
3 is for strategy S4.
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a 10-percent overload, but 12 percent for a 20-
percent overload (which is not exceptional).
Furthermore, if the network is initially di-
mensioned at a 1-percent blocking with strategy
52, for instance, the nominal traffic value is
higher (40 erlangs) but for a 10-percent over-
load the blocking is 7 percent and for a 20-
percent overload the blocking is 16 percent.

Looking at Figures 3 and 4, it appears that a
“good” strategy should be such that it behaves
roughly like the direct strategy for high traffic
values and like strategy S2, $3, or S4 for small
traffic values. An attempt in this direction was
made with the following strategy.

S5, Improved dynamic strategy. There are 3
possible routes for each call. For instance,
routes AB, ACB, and ADB are for an AB call.
Direct route AB is first chosen if not blocked.
If route AB is blocked, then routes ACB and

H O®
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Figure 4—Simulation results for # = 10 circuits. Curve
1 is for strategy SI, curve 2 for $2 and S3, and
curve 3 is for strategy S4.
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ADB can be used if and only if the number of
busy circuits of each oriented group to be used
is smaller than » (with » < #). Then the choice
between both routes is made in the same way as
in strategy S4. The essential feature of this
strategy is that # — x circuits are reserved in
each section for direct traffic.

For x =0, strategy S5 is the direct strategy
S1, and for x = n, strategy S5 is between strat-
egy S2 and strategy S4. Therefore » must be
small enough so that §5 behaves like S7 for
high traffic and » must be large enough so that
S5 behaves like S2 or S4 for small traffic.

The problem was therefore to determine the
best value of x, which was done in the following
way. We have considered the traffic value (42
erlangs) corresponding to the crossing point of
curves 1 and 2 in Figure 3, as a point where
the difference should be the more significant,
and for this traffic value we have obtained the
curve shown in Figure 5, which gives the value
of the blocking B versus x. For 42 erlangs the
best value of x is thus 47 (approximately since
the confidence interval was a bit larger than
the difference between the values of B for »
=46 and x =47). Then, using strategy S5
with & = 47, the network was simulated for
several values of traffic offered A. The results
are shown in Figure 6 where curves 1 and 2
are the same as in Figure 3 and curve 3 cor-
responds to strategy S5 with x = 47.
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Figure 5—Influence of parameter x on blocking
probability B for strategy S5.
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It can be seen from Figure 6 that this new

strategy is much less sensitive to overload than
S$2, §3, or S4; if the network is designed for
a loss probability of 1 percent, then strategy
S5 (with # = 47) is always better than direct
strategy S7, up to an overload of about 20 per-
cent. Moreover, except for very small values of
B, strategy S35 is always better than strategies
S2, §3, and S4.

Results such as shown in Figures 5 and 6 were
not found for 10-circuit groups. But this is pre-
cisely a case where no improvement is neces-
sary. Strategy S5 needs, on the other hand, a
more precise knowledge of the state of the net-
work than the other strategies; for every sec-
tion (or oriented group) the routing control
units must know whether the number of busy
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‘Figure 6—Improvement due to strategy S5 for #» =50
circuits. Curve 1 is for strategy SI and is exact. Curve
2 is for strategy S2 by simulation. Curve 3 is for
strategy S5 for » =47 by simulation. Curve 4 is for
strategy S5 for # = 47 and is calculated approximately.

circuits is smaller or larger than x, which
represents important data traffic. But the curve
of Figure 5 shows the optimum is very flat; an
approximate knowledge should be sufficient. In
[8], a method is proposed using overlapping
classes of occupancy which results in a con-
siderable decrease in the data traffic. For in-
stance, it is shown that, if it is sufficient to know
that the number of busy circuits is smaller than
x + p or larger than x, then the data traffic is
divided by p — 1.

5. Approximate Calculations

It is often useful to be able to obtain rapidly
and cheaply a rough idea of the blocking in a
network when a specific routing strategy is
applied. It is generally possible to apply in any
network with any routing strategy the method
described below by two simplifying assump-
tions.

Assumption 1: All the different traffic flows
offered to a specific section (or oriented group
of circuits) are assumed to be Poissonian so
that the Erlang formula applies. In fact over-
flow traffic is not Poissonian, but in general a
large part of the total traffic offered to a section
is Poissonian.

Assumption 2 : The traffic handled by a section
is independent of the traffic handled by an-
other section, and the overall blocking can be
calculated according to Lee’s method [9].

Again this second assumption is approximate
since some calls may use several sections
(routes of length larger than 1) but the num-
ber of calls using 2 given sections at the same
time is generally small compared with the total
number of calls handled at this time by each
section.

Generally, the effects of assumptions 1 and 2
are opposite and it will be seen that they often
compensate.

Two examples will now be given, one for strat-
egy S2, the other for strategy S5 in the net-
work of Figure 2.
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With strategy S2 the traffic offered to each
group of one-way circuits can be expressed as
the sum of three terms.

(A) Direct traffic (first choice) 4.

(B) Second-choice traffic: 2 traffic flows can
use a given section as second choice; their
intensity is Ap if p denotes the probability
that the » circuits of an oriented group are
fully occupied; they are offered only if the
other group in tandem is free, that is, with
probability (1 — p); the total second-choice
traffic offered to a particular group is therefore

2:4p-(1 — p).
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Figure 7—Comparison between simulation and ap-

proximate calculations for n =50 circuits. Curve 1 is

for strategy SI. Curve 2 is for strategy S2. Curve 3
is for approximate calculations.
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(C) Third-choice traffic: 2 trafiic flows can
use a given group, their intensity is

Ap(2p — p7),
and the total third-choice traffic offered to a
particular group is

24p(2p = P (1 — p).

According to our first assumption, p is then
given by the Erlang formula

b = E.(4") 1
Al = AL+ 2p(1L —p)A +2p — p1)] (2)

and must be calculated by iteration. Accord-
ing to the seccond assumption the overall
blocking B is given by

B=pQ2p —p =02 —p)> (3

The results are given for strategy S2 by curve
3 in Figure 7 (r = 50 circuits) and Figure 8
(n = 10 circuits).

In the same way as above, blocking B with
strategy S5 can be calculated.
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Figure 8—Comparison between simulation and ap-

proximate calculations for # =10 circuits. Curve 1 is

for strategy SI1. Curve 2 is for strategy S2. Curve 3
is for approximate calculations.
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Let p denote as above the probability that a
group of n circuits is blocked and p’ denote
the probability that the number of busy cir-
cuits in a group is larger than or equal to x.
Probability p’ is given by

’=P[1+£~,+ﬁ%+"'

+

nn—1) - (x+1)

where pand A’ are found to be
p = Ea(4") (5)
A=A F2p(A—=p2A+2p"=p™) ] (6)

The above three equations can be solved by
iteration. The overall blocking is given by

B = pp"”(2 — p'). @)

Numerical results are shown by curve 4 of
Figure 6 for strategy .S5 with x = 47.

Although the results shown may seem satis-
factory to get a rough idea of the blocking
with a specific strategy, this approximate
method may in certain cases (mainly for small
blocking) give erroneous results and conse-
quently this method should not be used with-
out caution, that is, without simulation
support.

6. Conclusion

A first general conclusion is that simulation
techniques can be of a great help for theoretical
investigations on traffic in telecommunication
networks.

As regard the comparison made between several
routing strategies, two points are worth noting.

1. Sequential routing strategies, as compared
with the direct strategy, are mainly interesting
for small-capacity networks, that is, involving
small groups of circuits. The gain in traffic at a
1-percent blocking level is 35 percent for a 10-
circuit group instead of 6 percent for a 50-
circuit group.
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2. Sequential routing strategies are very sensi-
tive to overload mainly in large-capacity net-
works. Routing methods with circuit reserva-
tion for direct traffic are better in that case.

Finally, it should be added that the present
study is only an attempt toward routing opti-
mization. The discussion of Section 3 shows
that even the question of defining a routing
optimization criteria for an existing network is
still open.
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Magnetische Werkstoffe und ihre technische Anwendung
(Magnetic Materials and their Application in Engineering)

By Dr. Carl Heck of Standard Elektrik Lorenz,
this text establishes a bridge between the think-
ing of the producer and the user of magnetic
materials. It is particularly helpful in view of
the rapid progress in the field of magnetic
materials, ‘

The introductory sections cover magnetic phe-
nomena and properties, with emphasis on ferro-
magnetic and ferrimagnetic materials. Follow-
ing are sections on materials for permanent
magnets. Metal and oxide materials for soft

ELECTRICAL COMMUNICATION

Volume 42, Number 3

magnets and their fields of application are
presented together.

The selection of the most appropriate material
for a given application is greatly aided by a
tabulation of available materials and suppliers
of them in various countries.

The book comprises 711 pages, 547 illustra-
tions, and 156 tables, and includes a voluminous
index and list of references. Its format is 18
by 24 centimeters (7.1 by 9.5 inches) and it
can be obtained from Dr. Alfred Hiithig Ver-
lag, Heidelberg, Germany, for DM 108.
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Potentialities of an Integrated Digital Network
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1. Introduction

Communication networks have developed with
immense rapidity in the past decades on a
foundation of analogue transmission over phys-
ical circuits and frequency-division-multiplex
carrier organized to transmit the 300-3400-
hertz bandwidth normally considered adequate
for voice communication. Limited communica-
tion at wider bandwidths has been provided, but
the only switched service available on any scale
other than voice has been low-speed (50-and-
75-baud) telegraphy.

Pressures of increasing traffic demands and re-
quirements for greater versatility and variety
of modes, combined with the emergence of new
technologies, call for the examination of the
possibilities of a new and potentially more
versatile network based on digital transmission.

The exploitation of this potential versatility is
a perfectly feasible proposition. It will, how-
ever, inevitably involve very many planning
problems and call for the abandonment of some
traditional attitudes.

There is already becoming available a consider-
able amount of literature on the technical as-
pects of pulse-code-modulation transmission and
switching, but not, as yet, very much on the
broader system issues. This article is written
in the hope that it will convey something of the
great potential scope of such a network, and
indicate that, despite the apparently revolution-
ary nature of the concept, a perfectly acceptable
transition is possible. It is felt that discussion
of these broader issues is becoming a matter of
urgency, so that the initial implementation can
be organized against a background of a reason-
ably agreéd and defined set of goals.

2. Technical Backgr‘ound

Although this article is primarily concerned
with the network implications, it seems neces-
sary to develop first a picture of the technologi-
cal situation that will indicate the fundamental
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advantages and the extent to which existing
developments are already making the necessary
tools available.

2.1 DEFINITION AND PROPERTIES OF
DicrtarL TrANSMISSION

By digital transmission is meant a transmission
capability designed to convey digital informa-
tion—normally in binary form—and incapable
of direct conveyance of any other type of in-
formation. Any analogue information to be con-
veyed over it must first be converted to a digital
form.

This class of transmission presents two new
features as compared with traditional methods.
Firstly, multiplexing is on a time-division basis
as opposed to the frequency division of tradi-

- tional systems. Secondly, the linear amplifiers

are replaced by digital regenerators.

If theoretical perfection were attainable, this
use of regenerators would mean no deterior-
ation of transmission, whatever the length of
circuit. In practice, economically feasible re-
generators are inevitably compromises, with
slight imperfections in the execution of the
process, but nevertheless their performance is
adequate to a very high standard of freedom
from accumulated error, even on long circuits.

This property makes it feasible and economic
to exchange signal-to-noise ratio for bandwidth
to the extent of using bandwidths an order of
magnitude greater than are practicable in the
analogue mode, at any rate in enclosed media
such as paired cable or coaxial cable.

2.2 PuLsE-CopE-MobDULATION SPEECH

The conversion of speech to a digital form by
quantization and coding, now known as pulse
code modulation, was conceived many years
ago, and it is only relatively recently that the
availability of suitable solid-state devices has
made it feasible to build practical systems which
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are economically viable. It has now been shown
by actual field experience that such systems
provide the cheapest way of obtaining circuits
on paired cable over distances of 10 to 20 or 30
miles (16 to 32 or 48 kilometres) with every
indication that the distances over which it will
be economically attractive will rapidly increase.

In the United States of America, the application
of pulse-code-modulation systems to transmis-
sion over existing junction cables has proved to
be quite startlingly successful, and its rate of
introduction has exceeded that of any previous
carrier system.

2.3 PuLsE-CopE-MODULATION SWITCHING

2.3.1 Cost and Performance

Although the application of pulse-code-modula-
tion junction carrier systems has been demon-
strated to be valid over a wide range of
applications on an audio-to-audio basis with
conventional switching, this method of use pre-
vents the exploitation of certain basic charac-
teristics of pulse code modulation. For example,
on a pulse-code-modulation junction circuit of
a few miles in length, the main degradation in
the quality of transmission, together with a high
percentage of the total cost, occurs in the termi-
nal equipment.

If, therefore, switching could be effected on a
digital basis, even at the same cost as for con-
ventional switching, tandem connections would
be spared both the cost of two pulse-code-
modulation terminal units and also the addi-
tional transmission degradation resulting there-
from.

In recent years, therefore, considerable effort
has been devoted to the problems of switching
speech circuits while the information is still in
the digital form. This would begin to realize
the capabilities of the mode to limit the build-up
of noise and distortion and to secure much more
uniform performance.

Apart, however, from this enhancement in per-
formance, it is becoming increasingly evident
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from the work of Laboratoire Central de Télé-
communications that the combination of time-
division switching with time-division multi-
plexing, and the compatibility of the various
clements in the system, opens the way to
immense reductions in the cost of transit
switching.

Time-division switching has been for years
considered as potentially the most economic
answer to the switching problem, but has suf-
fered from acute difficulties on crosstalk and
transmission stability and has involved expen-
sive interfacing with analogue transmission.
When applied to digital information, trans-
mission problems such as crosstalk are greatly
reduced, and the way is opened to intermediate
storage and regeneration which give great flexi-
bility in cross-office organization. When to these
are added the extremely simple compatibility
with the new transmission mode, the resultant
impact on overall cost is very great indeed.

2.3.2 Synchronization

The British Post Office has presented accounts
of an approach they are studying to a com-
pletely synchronized network. Solutions are,
however, possible on a quasi-synchronous basis,
one of which was described in reference [3].
With the type of clock accuracy now obtainable,
the performance degradation of such a system
can be made insignificant, and it is believed that
the cost will not be greatly signtficant. The
flexibility and robustness of this approach may
be well worth the slight cost penalty.

2.3.3 Adaptation to Local or Other Audio
Channel Traffic

Although the pulse-code-modulation switch has
so far been described as operating between
pulse-code-modulation transmission systems, it
can also handle audio channels by interface
units called local adapters. These are coder-
decoder units which are simpler in type than
the terminals of a regular junction system, be-
cause all the clock and distributor functions are
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looked after by the switch. The interface with
the switch is thus fully synchronous and hence
simpler than the regular line interface. There
is growing confidence that the cost of this ar-
rangement will be sufficiently low for pulse-
«code-modulation switching to be still highly at-
tractive, with a largely—even predominantly—
audio transmission environment.

2.4 SIGNALLING

The type of system now widely favoured em-
ploys 56 kilobits per second for voice trans-
mission, so that the provision of a relatively
limited addition to the total system bit rate
makes available any or all of the following :—

(A) High-speed end-to-end signalling outband,
hut directly associated with the speech channel.

(B) Link-by-link signalling also directly as-
sociated.

(C) Order-wire or common-channel signalling
as required.

(D) High-speed inter-register signalling.

The channel-associated signalling capability is
totally outband, that is, completely free from
voice interference and similar problems, and is
very cheaply received and interpreted.

Qutstanding problems are therefore related not
to the potential signalling capacity, but to the
optimum organization of its use in a wide
variety of circumstances.

2.5 ExTENSsIoN T0 LonGg-HAuL SySTEMS

The application of pulse code modulation, to
date, has been confined in the main to 24-
channel systems in deloaded paired cables with
regenerators at loading-coil spacing. In this
mode, the line cost is acceptable as compared
with terminal costs up to 20 or 30 miles (32 or
48 kilometres). For longer routes, this class
of system is too limited in bandwidth to com-
pete successfully with wider-band frequency-
division-multiplex approaches. Considerable
work has already been carried out on the
study of systems in such classes as 96 channels
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on balanced paired cable, 384 channels on small
coaxial cable, and an experimental 224-megabit-
per-second system on 9-millimetre coaxial cable
described by Bell Telephone Laboratories in the
United States. This latter would provide some
3500 channels.

2.6 Impact ox Dara HANDLING

The obvious attractions of a network of this
type for the handling of data are the direct
consequence of the high bit rate employed for
the transmission of speech and the ready ac-
cessibility of the bit capacity of any channel
for the alternative transmission of other digital
information. The speech channel of the class
of pulse-code-modulation system most widely
studied provides immediate availability of a 56-
kilobit-per-second digital stream. The full use
of this speed would involve a synchronous
interface with the peripheral equipment. Where
pulse-code-modulation working is extended to
the local exchange so that the “tail” length is
only that of a regular subscriber line, this pre-
sents no fundamental problem for most likely
modes of use and would be an extremely cheap
method. Where, however, this procedure can-
not be employed, relatively cheap asynchronous
interfaces are feasible up to speeds of just under
48 kilobits per second.

3. Economic and Performance Advantages
of a Digital Network

With this outline of the technologies available
as a basis, let us now examine the economic
and performance attractions of a hypothetical
completely digital national network. We will
then proceed to an examination of the transition
problems involved in the evolutionary attain-
ment of such a goal.

3.1 TransMISSION UNIFORMITY

The key performance gain in the handling of
voice is that, apart from the impairment due to
the analogue-digital conversion at the ends of a
complete connection, there need be no signifi-
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cant degradation throughout the network. In
particular, the overall transmission loss from
end to end, and the loss—{requency character-
istic, will be for practical purposes completely
independent of the route traversed or the num-
ber of digital switching points involved.

In the handling of data and other naturally
digital information, related improvements in
performance are attainable. Certain precautions,
appropriate to the type of information, may be
needed to counter mutilation due to slip con-
sequent on imperfect synchronization of clocks,
but otherwise the information is handled with
a complete absence of the cumulative analogue
distortions inevitable in the traditional network.

3.2 SPEED AND VERSATILITY OF SWITCHING
AND SIGNALLING

Time-division switching is inherently faster
than any other type of switching available to
us, and the liberal signalling capacity enables
signalling speeds to be comparably fast, with a
net result that the entire process of establishing
a call through a switch including routing signals
can, if necessary, be held to a figure of the
order of 100 milliseconds or less.

3.3 Low CosT oF SWITCHING
AND TERMINALS

Although the actual line cost, that is, the cost
per channel-mile without terminals, is unlikely
to be less than that of wide-band frequency-
division multiplex—indeed as will be explained
later in the transition phase it may be somewhat
greater—there is increasing confidence in the
prospect of considerably lower switching and
terminal costs. There is every hope that, in
a comparison with present frequency-division-
multiplex carrier and audio switching, the cost
reductions will be truly startling.

Figure 1 shows, at representative present price
levels, the cost of switching a long-haul con-
nection at one intermediate point. Line A4 shows
the basic line cost, line B adds the share cost
of a representative crossbar switch, line C adds
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voice-frequency signalling and relay sets, and
line D adds frequency-division-multiplex chan-
nel ends. The heavy line ¢ indicates a line cost
for pulse code modulation assumed to be 50-
per-cent greater than that of frequency-diviston
multiplex, and line b adds switching (a con-
servative estimate for 1970) including channel
ends and signalling. This represents a reduction
in the cost of the centre of 4 to 1 which may
well be exceeded. If frequency-division multi-
plex is being compared with pulse code modula-
tion, the reduction in cost of signalling and
channel ends means that a distance of some
hundreds of miles would be needed before the
adverse line cost assumed for pulse code modu-
lation would upset the balance. It is to be ex-
pected that, by the time significant application

b
PULSE CODE MODULATION
a
A
%
Q/Qo
T QVQOQ f\'q’“g D/
<& <& wezo
% \«coc"“‘\ & SR
w
I\ R 9 v
S W 5 w8
' S e~
w W % » o~
> 2 S TR A
f v ‘\‘\> ‘&/
g of
@ RS %
2 15T SWITCH T 2 &5
ADDED /e s A&
-~ hd
/
e
-
ey
L
0 100 200 300 400 500 600

TOTAL CIRCUIT LENGTH IN MILES

Figure 1-—Comparison of pulse code modulation and
frequency-division modulation for a toll connection
with one or two intermediate switches. In the case of
pulse-code-modulation switching, the equivalent of
channel ends and signalling are included in the switch.
These plots do not take into account the terminal
channel ends and signalling, since to do so accurately
involves more precise definition of the terminal ex-
change organization. In general the inclusion of these
would improve the relative position of pulse code
modulation.
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to this length of circuit is seriously considered,
the unfavourable balance in line cost, which is
mainly a reflection of an assumption of some-
what lower-capacity systems, will have been
eliminated.

The main point which is being emphasized here
is, however, that in the connection of 50 to 100
miles (80 to 160 kilometres), which is very
dominant in representative traffic in our areas,
the cost of an interpolated switch in the present
network is extremely damaging; in the pulse-
code-modulation case it is a sufficiently small
proportion of the total to be offset by a rela-
tively modest gain in channel usage efficiency
due to pooling of traffic. This, in conjunction
with the performance advantage referred to
above, presents opportunities for much more
rational network planning, using switching as
freely as needed to secure traffic efficiency and
flexibility, while escaping the oppressive drive
to avoid switching, even at the cost of very
inefficient direct routes.

The preceding paragraph discusses a compari-
son with the frequency-division-modulation car-
rier situation. Figure 2 shows a corresponding
set of curves for a comparison with 20-pound
(0+9-millimetre) junction cable. Here, of course,
pulse code modulation shows a lower per-mile
line cost but a higher terminal cost. However,
even the modest saving assumed in the switch-
ing cost results in pulse-code-modulation inte-
grated working being worthwhile for tandem
connections whose total length is 2 or 3 miles
(3-2 or 4-8 kilometres). There is every hope
that the price ultimately attainable for a pulse-
code-modulation switch will reduce this distance
effectively to zero.

Here again, economic and performance factors
will make an increase in tandem working, in-
cluding the liberal use of 2 tandem systems in
succession, an attractive possibility.

Although, on physical circuits, pulse code mod-
ulation cannot claim savings in the signalling
costs of regular automatic-to-automatic calls,
wherever greater sophistication is needed, for
instance in the handling of multi-metering over
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junctions in outgoing automatic toll calls, the
possibility of very significant savings is re-
introduced.

3.4 Economics oF Dara HANDLING

The great gain in data handling is a direct
reflection of much-cheaper bandwidth in a very
cheaply accessible form. Space does not permit
of a detailed examination of the various ways
of tackling the terminal area association. It is
hoped to do this in a later article. It is sufficient
for the moment to note that in the digital net-
work we are considering :—

(A) Data speeds of up to 56 kilobits per second
at a terminal expense less than that for present
1200-bit-per-second data modems, transmitted
on what is really a voice connection costing no
more, and in general significantly less, than a
voice connection in the present network.

(B) A 2000-bit-per-second sub-multiplex net-
work which has line costs less than for 50-baud
voice-frequency telegraphy and terminal costs
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Figure 2—Cost comparison for local tandem connec-
tions of physical circuits and of pulse code modulation
in which A4 costs are based on a conservative 1966 esti-
mate and B on a still very conservative 1970 estimate.
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very greatly less. (In some systems such as the
present British Post Office standard, the line
cost up to 24 channels per system is virtually
non-existent, as it uses otherwise wasted spare
capacity in svnchronizing and signalling chan-
nels).

Detailed studies are not yet available, but there
is every reason to hope that time-division-multi-
plex switching of this 2000-bit-per-second capa-
bility could result in very striking savings in-
deed as compared with present telex switching
practices.

The potential users of these new capabilities
are many, and true data might well be a minor-
ity source of traffic. The major uses may well
be for text, and for black-and-white facsimile
and its derivatives—displays, plotters, and the
like.

3.5 UntroryMitY OF TANDEM AND TorLL
Swrrcuing DEesiGNs

An additional very useful tool for the network
planner is that, as a consequence of its natural
employment of 4-wire switching, its high speed,
and its fast versatile signalling, pulse code
modulation provides the prospect of a basic
high-capacity full-availability switch, economic
over a wide range of sizes and functions. (By
a full-availability switch is meant a switch in
which, subject to some calculable blocking, any
mlet can reach anv outlet.) This means that
the present distinctions between local tandem,
toll outgoing, toll incoming, and toll transit
switches may largely disappear, and we shall
have available a universal class of switch which,
with suitable variants in its control programme,
may be used for any of these functions, and in
fact for several of them simultaneously.

3.6 ExTENsioN To LocAaL EXCHANGES

So far, we have considered, in the main, the
tandem and toll networks. If we turn to local
exchanges, at any rate large local exchanges in
big urban or metropolitan centres, it may be
seen that pulse-code-modulation switching still
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has much to contribute. Local switching is
evolving in many different patterns, but very
many of these are based on the overall structure
reasonably related to the Bell System line-link-
frame/trunk-link-frame association. Unless and
until the digitizing of voice is taken right back
to the subscriber’s set (which, while it may
come some day, is not being considered here)
the line link frame cannot use digital switching,
but the conversion of some or all of the trunk-
link-frame capacity to digital switching is likely
to have great attractions. It would be a natural
fit for pulse-code-modulation tandem and toll
junctions and could introduce a better economic
basis for extending pulse code modulation to
direct junctions. It would, we believe, be in
its own right at least as cheap and probably
cheaper than alternative approaches, even when
only a fraction of the total junction plant is
converted to pulse-code-modulation operation;
finally, it would open up prospects of simplifica-
tion and cost reduction in the line-link-frame
area.

A pulse-code-modulation trunk-link-frame capa-
bility of the type suggested does not differ
basically from the tandem transit switch we
have been discussing. The main differences
would be that, on the local side, it would he
served 