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ABSTRACT

The tel ephone systemin Ngeria has for nmany years
been a subject of attack from nany quarters. The poor
perfornmance of the system has defied all attenpts aimed
at inproving the situation. This study seeks to identify
the cause or causes of the poor perfornmance of the tel ephone
systemin the Northern States of the country. The exchanges
inuse in the systemas well as the systemitself are
sinmulated on the conputer. This work is based on the
results of the sinulations viz- a- viz what obtains in the
real system Recommendations ained at inproving the system

perfornance are al so di scussed.
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CHAFTER ONE

INTRODUCTICN

1.1 PREAMBLE

Communication, in one form or another, is indispensable
to the survival of the human society. Humans communicate
with one another using their five senses., The conditions and
maximum distance over which communication is possible are
limited by natural laws and the construction of the human
body. That communication which overcomes unnatural conditions
or distances is known as telecommunication,(1) A
telecommunicated ‘message must be transmitted for at least
part of the distance between the communicating parties in a
form different from its natural form. Electric transmission
is the most flexible and widely used form and the only one to

be considered here.

Telecommunication is used today to describe all electrical
signalling methods employed for the communication of
intelligence over some distance. The major forms of
telecommunications irnclude telephony, sound broadcasting,
facsimile, telegraphy and data transmission,(2). Telephone
is, as at now, the most important form of telecommunication

in Nigeria.

Electric transmission was first used for the sending
of written messages by telegraph and was later applied to
messages spoken on the telephone, Since public services
require destinations of the messages to be variable from

the sending points, a form of switching must be employed.



Public telegraph services developed a kind of switching,

now called MESSAGE SWITCHING , while telephone services

have a different kind called CIRCUIT SWITCHING. (1) Cnly
the latter is considered here. Circuit switching is carried
out using sets of switches arranged in stages. This
arrangement is called an EXCHANGE SYSTEM (or, simply, an
Exchange).

1.2 BRIEF HISTORY OF TFLEPHONY

The object of telephony is to make sounds, and, above
all, spoken words audible over long distances. At an early
stage people tried to use different types of speaking tubes.
In 1667, Robert Hook discovered a method of transmitting
sounds across fairly long distances by 2 membrane at each
end of a wire,(3) A basis for practically applicable
telephony was, however, not found until the progress in the
field of electromagnetism made this possible in the 19th
century, On February 1, 1876, an American, Alexander Graham
Bell, applied for the patency for an electromagnetic telerhone.
The application was granted and Bell's telephone proved to be

very successful.

The first telephone exchange ever was commissioned in
New Haven, Connecticut, U.S.A., in 1878.(3) It included a

switchbeard and 21 subscriber lines.

The early telephone networks were, of course, not as
reliable as their present counterparts. Long distance
communication was hampered by one - way lines and weak
batteries. But the situation gradually improved as progress

was made in the field of electrical engineering. Initially,



the exchanges were manually operated but automatic telephone
exchanges were later designed. The first automatic exchange

was commissioned, once again, in U.S.A. in 1892.(3)

The first exchange was installed in Nigeria in 1908. It
was a manual exchange with the magnete system. This was
follqwed by the Central Battery Signalling Systems (CBS),
which was introduced in 1829,(2)., This was the last of the

manual exchanges.

The first automatic exchange was introduced in Nigeria
in 1950. It was installed in Port Harcourt on experimental
basis. Due to its satisfactory performance, another one was
installed in Lagos two years later. During the 1952 - 1962
Development Flan period, some of the manual exchanges were
replaced by the step-by-step automatic exchanges. In 1968,

the crossbar (automatic) exchange was introduced. (2}

1.3 TELEPHONE SYSTEM IN NIGERIA

There are four different types of exchanges: manual,
step=-by=-step (or strowger), crossbar and electronic, The
last three are automatic exchanges. The exchanges in use in
Nigeria are of either thc step-by-step or crossbar type, the
old manual exchanges though having been phased out of the
large cities, are still used in the rural towns. The
electronic exchange is yet to be introduced. The exchanges
are intefoonnected either using cables or by microwave links

to form the telephone network,

For telecommﬁnication purposes, the country is divided

intoe four zones, Each of these zones has a central telephone
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exchangé usually referred to as a "HOMING" exchange. A
homing exchange actually is a transit c¢xchange and carries
traffic from one exchange to the other within the same zone
and from one zone to another. The homing exchanges are
situatedin Ibafdan, Kaduna, Enugu and Benin. The exchanges
are intercomnected by microwave links except for the Lagos-
Ibadan - Kaduna route which has both microwave and cable links.
A very comprehensive description of the telephone system in

Nigeria is contained in the reference, (2)

As has already been observed, telephony is the most
important form of communication in Nigeria, In spite of this,
however: its performance is far below expectations. Tt is
easier for a camel to pass through the eye of a needle than
te make a call from Zaria to Kano, for instance. 1In spite
of all the money which successive governments of the country
have spent towards the improvement of the system, 1t has
remained as defiant as ever. 1In fact, the situation is so0
bad that many Nigerians have long ceased to hope that
telephones in Nigeria will ever work = not in their lifetime
for sure! What's more, the damage which the poor state of
the system has done and is doing to the economiec development
of the country cannot be over-emphasized. This is indeed
a most disheartening state of affairs,

Oflcourse, thefe is nothing inherent in or pcculiar to
Nigeria that should make it anathema for telephones to
work in the country. Henge the guestions arise: What then
is responsible for the perennial poor performance of the

telephone system in Nigeria? Is it a problem of inadequate



or insufficient equipment, or both? 1Is it that of bad

management?

This study attempts to look intc some of these questions
in the preceeding paragraph, with particular emphasis on the
telephone system in the MNorthern States. To do this, a
computer simulation of each of the types of exchanges in usc
has been performed by the author. The exchanges in Zaria and
Kaduna have been used as models, The simulations have been
designed to approach as closely as possible what cbtains in
practice in the exchanges. The performance of each exchange
as obtained from the simulation is then compared with that
of the real exchange. Further investigations were carried
out on the real exchange systems to determine the causes of
any observed differences. The telephone netwerk in the
Northern States has also been simulated. The expected
performance of the system is compared with the real performance.
Further investigations were also carried out on the real network
to determine the causes of any observed differences,
Recommendations, based on the results of these investigations,
on how to improve on the performance of each of the exchange
systems and that of the network as a whole are contained in

this work,

1.4 WHY SIMULATION ?

The advantages of simulation approach to system study
are enormous. However, a few will be mentioned here,
Simulation eliminates the usually huge cost of buying an

equipment (a2 telephone exchange, for example) the performance



of which in the network in which it is tc be used is
unknown. It eliminates the need for building prototypes
which in most cases may be very expensive. Simulation also
allows the researcher to observe the performance of the
system as certain parameters are varied without actually
having to spend money and energy physically building the
system. The importance and usefulness of such flexibility
enjoyed in system study through simulation cannot be over-
emphasized. Such enormous advantages as are mentioned above
due to the simulation approach to system study far outweigh

any disadvantages duc to computer time and consequent cost,

It is for the above reasons that a simulation rather

than an analytical approach has been chosen for this study.

1.5 THEORY OF SYSTEM SIMULATION

The technique of simulation consists of following the
changes in a model of a system.(lj) The systems simulated
in this work are discrete systems, as the changes therein

are predominantly discontinuous,

There are two general points of view which may be taken

of the way in which discrete events are identified: (1)

1. In one point of view, referred to as PARTICLE-ORIENTED
or MATERIAL-BASED, attention is focussed on the
entities in the system, and the simuletion is regarded
as the task of following the changes that occur as
the entities move from activity to activity., In that
case, the times at which system changes occur are

treated as attributes of the entities.
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2. In the cother point of view, referred to as
EVENT-ORIENTED or MACHINE-BASED, attention is focussed
on the activities as they are applied to different
entities. In thet case, the times at which system
changes occur are treated as characteristics of the

activi ties.

In this work, the event-oriented view is taken. However,
in general, the peint of view taken does not affect the
execution of a simulation. The execution remains the same.
Records must be kept of all the activities in progress and the
entities involved, and they must be periodically changed to
reflect the sequence of events within the system. To do so,
records must be kept of EVENT-TIMES and calculations must

compute future event times as the simulation proceeds.

The passage of time is recorded by a number referred to
as CLOCK-TIME, It is usually set to zero at the beginning
of a simulation and subsequently indicates how many units
of simulated time have passed since the beginning of the
simulation., There are two basic methods for updating clock

time: (4)

1« The clock is advanced to the time at which the next
event is due to occur, This is referred to as

event-oriented.

2. The clock is advanced by small (ysually uniform)
intervals of time and it is determined at each
interval whether an event is due to occur at that

time. This is referred to as INTERVAL-ORIENTED.



Continuous system simulation is usually carried out
by using the interval-oriented method while discrete system
simulation normally uses the event-oriented method, which is

the method consequently used here,

An important aspect of discrete system simulation is the
generation of excogenous arrivals., 1t is possible that an
exact sequence of arrivals has been specified for the
simulation. The sequence may, for example, be the results
of some observations on the system. Further, when there is
no interaction between the exogenous arrivals and the
endogenous events of the system, it is permissible to create
a sequence of arrivals in preparation for the simulation.(l)
Usually, however, the simulation proceeds by creating new

arrivals as they are needed,

The exogencus arrival of an entity is defined as an
event and the arrival time of the next entity is recorded as
one of the event times. When the clock time reaches this
event time, the event of entering the entity into the system
is executed and the arrival time of the following entity is
immediately calculated from the inter-arrival time distribution.
The term BOOTSTRAPPING iz often used to describe this
process of making one entity createits successor.(l}) The
method requires keeping only the arrival time of the next
entity. It is, therefore, the preferred method of generating
arrivals for computer simulation programs and is the method

used in this study,



The arriving entity usually needs to have some attribute
values generated, in which case, attention must be paid to
the time at which the values are generated, They could be
generated at the time the arrival time is calculated, or they
cauld be generated when the entity actually arrives. 1If there
is no interaction between the attributes and the events
occurring within the system, the generation may be done at
either time. If, however, the attribute values depend upon
the state of the system, it must be remembered that, at the
time of generating the arrival time, the actual arrival is
still an event in the future. The generation of the attribute
values must then be deferred until the arrival event is
executed. In this study, the details of the new arrival,
other than its arrival time, are generated at the time the
arrival takes place because the conditions existing in the
system determine the possible origins for the call. On the
other hand, there is no interaction betwecn the distribution
of call length and the state of the system, so the call
length is generated at the time the arrival is decided.
However, a call cannot come from a line that is already busy,
so the choice of origin must be left until the call arrives,
To select the origin when the arrival time is decided
carries the risk that some other call will have made the

proposed origin busy before the call arrives,

In this study, it has been assumed that any arrival
can come, with equal probability, from any line not currently
busy and that it is equally likely to go to any line other

than itself irrespective of whether it is busy or not., For



this reason, 2 unifeorm random number generator is used to
generate the origins and destinations of calls. The call
arrival time and call length can be shown to be exponential
and follow the Poisson distribution.(l) An exponential

random number gcnerator is, therefore, used for their generation.

There are three main tasks to be performed in preparing

a complete program for a simulation: (4)

1. The first task is to generate a model and initialize it.
From the description of the system, a set of numbers must
be created to represent the state of the system. The set
of numbers will be celled the SYSTEM IMAGE, since its
purpose is to reflect the state of the system at all
times. The activities of the system must be represented
as routines that are to carry out the changes to the

system image.

2 The second task is to program the procedure that executes
the cycle of actions involved in carrying out the
simulaticn, This procedure is referred to as the
SIMULATION ALGORITHM. While the routines representing
the system activities arc specifiec to the system being

simulated, the simulation algorithm need not be,

3. The third task is the gemeration of an output report.
The statistics gathered during the simulation will

usually be specified by the report generator.

The simulations done in this study involve all the tasks

listed above.
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Carrying out the simulation algorithm involves repezted

execution of the following five steps:

1. FIND the next potential event.

2. SELECT an activity,

3. TEST if the event can be executed.
4. CHANGE the system image.

5. GATHER statistics.

The simulation programs used in this study involve,
generally all of the above steps. Specifically, they contain

routines which perform the following functions:

1. Program initialization.

2. Finding the next potential event.
3. Connecting a call.

L, Disconn.cting a call,

5. Gathering statistics.

6. Computing final statistics and printing out results.

Though the simulations have been programmed for the

CYBER 72 computer, thc concepts arc machine independent,

1.6 CONCLUSION

It is hoped that the results of this research and the
consequent recommendations by the author, if implemented, will
go a long way in drastically improving on thc performance of
telephone systems in the Northern States in particular, and

in the whole country in general.
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CHAPTER TWO

e ] LITERATURE REVIEW

Thé approach hitherto employed in the study of telephone
switching systems has been largely mathematical. In 1955,
C.Y. Lee proposed a wethod of analysis using a simplified
model of the system.(5) This propesal included ways of
finding thc characteristics of a network such as blocking
probability, retrial and connection time distributions. In
Lee's analysis, the model is represented by a PROBABILITY
LINEAR - GRAPH which is used a8 a probability model to
calculate all characteristics of intercest of the switching
network, A {two~terminal} probability linear-graph, G, is
defined as a finite, oriented, connected, c¢cycle-free linear-

graph with at least two nodes such that

1. there exists a pair of nodes called respectively

an ORIGINATING and TERMINATING node, of G; this

assignment being determined initially,

2. with each link of G 1is associated a random variable,
(1
Xt ), the imdex, i, running over all links of G
such that Xélj are matually independent and have

stationary probabllity distributions

| . 3
ey Tepy oann, tn(l) (61,65_,....,61_1) = F(%, . 253,351,‘9,.,,;

$

3
(1)

The assumption that the link random variables, X , arec

r J

=Dor i, 3 =12, ¢cv., n

independent is the principal weakness of Lee's medel and will

cause the results to depart from reality in varying degrees -
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Adepending on the particular nctwork, In general, the mcdel
will tend to overestimate blocking. The dependence that
exists between the different links in a network stage and
between the links in adjacent stages is incompletely
understood, but nonetheless, real. Attempts to take account
of inter-link dependence by judicious modification of link
occupancy values have been only moderately successful in
calculations. Moreover, as a computational tool, the
utility of the graph model decreases with increasing complexity
of the graph's geometrical structure.(6) Applied to more
complicated structures, such as meshed graphs, the method of
Lee will be very unwieldy and in most cases not applicable.(7)
Hence Lee's model may not be useful in the study of realistic

and, consequently, complex networks,

The speaking paths of modern telephone arrangements
often consist. of several selector stages in series, which
are controlled by a centralized device in conditional
selection. Idle links between the stages will onl}y be
selected if they can be used in a path connecting the inlet
to an idle outlet. Thus, we oftcn have the case where a
certain inlet in stage 1 1is to be ccnnected with a certain
outlet in stage S, 1.e. with a certain outgoing line. The
traffic loss due to nonavailability of an idle path between
the two points is called POINT-TO-POINT LOSS or in short
POINT LOSS,(7) In 1971, Karl Kummerle proposed two
methods of calculating point-to-point loss in link systems.(7)

In the first method, referred to as "multiplication and
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summation of probabilities " formulas are derived for
the calculations of point loss. Wheén no occupation exists

ir a system, only a certain number of paths will be suited

to switch a cs1l from the inlet being marked to the outlet
being marked, The entirety of these paths which are suited

is called the graph of the system considered. In the first
method, multiplication and summation of probabilities, the
assumption cf probabilities for x lines to be occupied in

a section of the graph are known for cach scction. Besides
this, the probability distribution for the whole outgoing
group shall be known, The second method is known as the
method of "average availability". In this method, formulas
are derived for calculating thc¢ point loss in three- and four-
stage link systems with series - parallel linking patterns.

The comparison of the numerical results with the results of

a full-scale simulation shows that the first method yielads
accurate results for threc-stage systems when a weighting
function is introduced. The results obtained with the average
availability method were also sufficiently close to reality
for three - and four - stage 1link systems.(7) The greatest
advantage derived from using these methods ic their simplicity.
Their major wcakness lies, however, in their non-reliability

in the analysis of more complex systems,

The difficulty which will be encountered in the use of
any of the methods discussed in the precesding paragraphs has
been noted. In an attempt to surmount this difficulty, a

simulation program, code-named NEASIM, was Jjointly decveloped
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in 1964 by R.F. Grantges and N,R. Sinowitz.(6) This
simulation program differs from conventional simulators in
that it simulates a mathematical model rather than a traffic-
handling system. The major advantage of the simulator is
that it allows for the incorporation of more a priori
information about the actual bechaviour of switching networke
than is included in Lee's model, leading to a more accurate
estimate cf blocking probakility. However, the characteristic
feature of this simulation method is that not the whole link
system and the real traffic are simulated, but the graph with
independent Bernouylli distributions on each section is used
upon which the calculation method is based. This means that
with NEASIM, not the whole link system is simulated, but the
calculation method of Lee is used. Therefore, the results
of simulaticn with NEASIM naturally correspond to the
"numerical results of Lee and the significance of such results
of simulation cannot be expected to be greater than the

accuracy of the calculation method of Lee.

From the foregcing, it is clear that the most reliable =~
though very difficult - approach to the study of switching
systems is the full-scale simulation of the system. This
approach has been employed in this work. The simulation
approach can be further justified by considering the fact
that no systematic approach exists which completely accounts
for the gross complexity encountered in large-scale congestion
systems.(6) Although the engineer does not have a comprehensive

theary, he deues have 2 valuable tool in computer simulation.(6)
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Simulation of telephone traffic flow has a long history
in the Bell system.(6) As early as 1907, a rudimentary
simulation was undertaken to improve switchboard performance,
Artificial traffic was gencrated by a card-drawing technique,
and the simulation was used to verify a semi-mathematical
analysis of the loads which could be handled by a team of
operaters meeting an average delay criterion. In the ensuing
years, simulation techniques have been aids in the study of
complex traffic problems, such as the effect of limited sources
on graded multiple capacities, the efficiency of random slipped
multiples, the capacities of various alternate routing plans
and the distribution of delays under various trunking plans.
The traffic load capacity of the No,71 crossbar network was
largely determined by the load-leoss relationships in the link
and junctor patterns obtained from elaborate simulation begun
in 1936.. This was the first time that the capacity of a
largely complete system had come under study by simulation
methods. A 10,000-line¢ No.5 crossbar office was simulated in
1948 by a specially designed machine which co-ordinated the
efforts of tone operators, providing significant data for

the traffic engineering of this system.(6)

In more recent years, the high-speed electronic digital
computer has proved an effective tool in large-scale traffic
simulations, For this class of simulations, special computer

programs are written which usually contain

1. a logical description of the system under

consideration,
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2. a procedure for generating and offering traffic to

the system, and

3. a method for extracting and recording the desired

system characteristics,(6)

Each of the simulation programs used in this work contains all
the facilities enumerated above., The simulation programs have
been designed for the analysis of the telephone system in the
Northern States of Nigeria.
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CHAPTER THREE

THE MANUAL (IDEAL) TELEFPHONE EXCHANGE

3.1 INTRODUCTION

This chapter describes the program used for the simulation
of the Manual Telephone Exchange.(l) The exchange has a number
of telephones connected to it by lines. The switchboard (the
exchange) has a number of links which can be used to connect
any two lines, subject to the condition that only one
connection at a time can be made to each line. It is initially
assumed that the system is a lost call system, that is, any
call that cannot be connected at the time it arrives is
immediately abandoned. A call may be lost because the called
party is engaged, in which case, the call is said to be a busy
call; or it may be lost because no link is available, in which
case, it is said to be a blocked call. (Later the program is
modified to take care of any blocked call so that a blocked
call is not necessarily a lost call). The object of the
simulation is to process a given number of calls and determine
what proportion are successfully completed, blocked, or found

te be busy calls., This program is code-named TELSIM1 .,

Modified versions of TELSIM1 are used to observe the
performance of the exchange as the number of lines and maximum
number of links are varied. TELSIM1 is Pfurther modified to
take into account the blocked calls. In this case, the system
is no longer a lost - call system. All blocked calls are sent
to a waiting list and connected, if possible, as soon as a

1ink is free in the order of "first in first out" (FIFO).
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The Zaria exchange parameters, wherec applicable, have
been used as a modcl in all the simulations discussed in this
thesis. Tne Zaria exchange, though having a maximum capacity
of 2,000 lines, has been equipped for 1,700, This figure,
unless otherwise indicated, has been used in all the

simulations considered in this thesis, ;
The system image of cach program is a set of tables and

nurbers that record the state of the system., Such tables and

numbers are clearly defined in each program. All other

variables not explicitly defined and appearing in any of the

programs are self explicit.

A brief description of the simulation program of the
marmal (ideal) exchange (TELSIM1 ) including the various
routines responsible for the execution of the program now

follows,

3.2 BRILF DESCRIPTION OF THE PROGRAM

The flow chart showing how the simulation program is
organized is shown in Fig.C.1(a) of Appendix C .. When the
program is started, the model 1s initialized for the particular
run to be made., The input information includes the number of
lines, the maximum number of links, the mean inter-arrival
time, the mean call length and the maximum number of processed
calls making a run. This information is supplied in the
program proper and can be set to different values as
desired, An initialization routine then sc¢ts various numberé
to their correct initial values; for example, it Zeroes

the clock time and the counters. The first arrival time is

{

;
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generated and the program enters the main routine concerned
with executing cach cycle of events. This initial entry |

point is alse the point from which to recycle when all changes

i

have been executed for one event, ,
i

Suppose the next call finishes at TF and the next arrival
is at TA' The program first decides whether the next activity
igto disconnect a call or to attempt to connect a call. The
test of the condition TF:EQ TA makes this choice. With the
test defined this way, a coincidence of a discomnnect and a
new arrival results in the disconnect being serviced first.
Whichever activity is decided upon, the program updates the
clock. When two events are coincidental, the program executes
them successively and the clock remains unchanged until all
events at thet time have been oxecuted. In the casd of
discormecting a call, the activity is unconditional and the
program immediately carries out the necessary action. Since
a call has Just finished, the time the next call finishes, TF’
is updated. The program collects statistics aﬁd returns for
another cycle. 1In the case of a new call arriving, the call
is generated and the program checks to se¢ whether encugh calls
have been processed to finish the simulation run. If not,
the attributes of the call are created at that time and the
next arrival time is generated. Tests are then made to sec if
the call will be connected or lost either because no link is
avallable or the called line is busy. When a call is
connected, the program adjusts the records by entering the

new call in the list of calls in preogress, When a call is
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lost the appropriate statistics are gathered. The program

then resumes for one more cycle.

|

I

l

|
When encugh calls have been processed to finish the i
simulation run, the simulation stops, the results are printed,

and the program terminates. _ !

The simulation program can be divided into major sections,

each section carrying out a particular function, viz:i-

1. Program initialization

2. Finding the next potential event

3. Connecting a call

. Disconnecting a call E
5. Gathering statistics

I
6. Computing final statistics and printing out results.

i I
The flow charts showing how these routines implement their

i
various functions are shown in Appendix C |
|

3.3 SIMULATION RESULTS AND ANALYSIS

|
|

The manual exchange is the simplest type of exchange and
closely approximates the ideal exchange., Table 3.7 shows the
results obtained from the simulation of the manual exchange.
The simulation run covers a period of three hours, during

which time 1,000 calls enter the system, !
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Table 3,1: Simulation Results for the Manual Exchange

No. of Lines 1700

No. of Links 10

Mean Call Interval 12 seconds
Mean Call Length 120 seconds
No. of Calls 1000

Clock Time 11076
Duration of Run 3 hours
Calls Completed 759

Busy Calls 5
Blocked Calls 226

No. of Active Calls 10

The graphs of Fig. 3.1 (a-k) show the behaviour of
the system as certain parameters are varied while others are
kept constant. (a) shows that for maximum number of
links provided in the exchange greater than 20, the number
of blocked calls is essentially zero. 20 is thus the critical
value for the maximum number of links for this exchange. The
completed « calls curve is roughly a mirffor image of the blocked
calls curve, This is to be expected, as the number of calls
entering the system is fixed (at 1,000) for each run, the
numbers of husy and active calls being relatively small. The

exponential nature of the curves is also of interest. It
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reflects the exponential distribution of arrival times of

salls., The busy-calls curves of (d) and (e) are also roughly
exponential. The graphs of Fig. 3.1 (b) and (€) show the
behaviour of blocked and completed calls as the number of

lines (NLINES) provided at the exchange is varied, for values

of maximum number of links (NLNKS) of 20 and 10 respectively.

As can be seen from the graphs, the average number of completed
calls for NLNKS = 20 1is greater than that for NLNKS = 10, On
the other hand, the average number of blocked calls for

NLNKS = 20 1is less than that for NLNKS = 10. These observations,

of course, are to be expected.

The graphs of Fig, 3.7 (f) and (g) show that the
relationship between the blocked/completed calls with the number
of calls entering the system is linear. In (f), the slope of
the completed - calls curve is 2°0/200 = 1 while that of the
blocked-calls is zero. In (g), the completed-calls curve has
a slope of 1h5}200 = 0,73, which is less than 1 while the
blocked-calls curve has a slope of130/600 = 0,22, which is
greater than zero. These results show that the average number
of completed calls for NLNKS = 20 1is greater than that for
NLNKS = 10, while the average number of blocked calls is less
for NLNKS = 20 than that for NLNKS = 10, This agrees with
earlier observations. Fig. 3.1 (h) and (k) show that the
relationship between the number of busy calls and number of

calls entering the system is linear, the average number of

busy calls being greater for NLNKS = 20 than for NLNKS = 10.
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The system represented in Fig. 3.1 (j) is not a lost-
call system, as in the cases hitherto considered., In this
system, blocked calls are sent to a waiting list and connected
as soon as a free link is available, in the order of "first-in-
first-out" (FIF0). It will be observed that for the maximum
number of links provided equal to or greater than 20, the
number of blocked calls is zero. This agrees with the earlicr
observation on the simple lost-call system (Fig. 3.1 (z)). The
graph of Fig. 3.1 (k) shows that the mean-waiting time for the
blocked calls which were later connected is zero for values of
NLNKS equal to or greater than 20. This agrees with the fact
that for maximum number of links greater than 20, the number

of blocked calls is essentially zero.

The graphs of Fig. 3.1 (1) and (m) represent modified
systems where the numbers of calls entering the system are
500 and 2,000 respectively. The general similarity in shape
between these graphs and those of Fig. 3.1 (b - ¢) show that
the shapes of the graphs obtained for different varied
parameters of the system are not dependent on the number of calls

entering the system.

As has already been pointed out, the manual exchange has
been almost completely replaced by the automatic exchanges in
the telephone network in the Northern States, For this
reason, there are no available statistics of the performances
of the few manual exchanges still in use, However, this puch
is known about these exchanges: the most common problems
encountered in their use are those associated with the human

factor and those of damaged cables. The latter problem is
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more fully discussed in the next chapter where its impact

on the performance of the step-by-step exchange is considered,
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CHAPTER FOUR

THE STEP-BY-STEP (STROWGER) EXCHANGE

4.1 INTRODUCTION

What is now generally known as the 'step-by-step exchange'
was developed from a two-motion switch invented in 1891 by a
funeral undertaker in Kansas City, United States of America,

named Almond Stowger.(3)

The Strowger switch has a cylinder-shaped contact field
comprising ten arcs of ten contact sets each, the arcs being
mounted in parallel to form what are called levels. The fixed
contacts considered as a unit of one switch are termed & bank
of contacts. The bank contacts of many switches are multipled
and connected to message circuits to which the wipers of each
switch thus have access. The moving contacts are known as
brushes or wipers, A set of wiper contacts is mounted on a
shaft co-axial with the contact arcs and driven first axially
to raise the wipers level by level to reach a selected one
of the levels, and then rotationally, contact set by contact

set to rest finally on a selected one of the sets,

Step-by-step axial and rotational movement is produced
by individual ratchet motors pulsed with current once for

each step.

The program used for the simulation of the step-by-step
exchange is described in this chapter. The old Zaria

step-by-step exchange, which is no longer in use, is used as
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a model. The program is designed to simulate, as closely
as possible, the conditions existing in the exchange as at

the time it went into disuse.

The description of the simulation program is preceded by
a brief description of the mode of operation of a step-by-step

exchange.

4.2 FUNCTIONAL DESCRIPTION

The step-by-step exchange is made up of a number of
strowger switches connected in stages. Each exchange line,
the subscriber line, is terminated on a pre-selector switch
known as the uniselector. Each uniselector has only one row
of fixed contacts arranged in an arc. These contacts are
connected to selectors forming the next stage. The fixed
contacts of all uniselectors are commoned together so that
all subscribers have access to each of the available selectors
in the next stage. Each uniselector switch has from ten to
about twenty-five contact sets depending on design and npeed.
Usually, one bank position is sacrificed to a home positicn
to which the wipers are returned arfter use so that operation

starts from the same point.

The next stage of selectors is usually made up of ten
two-motion switches. The wipers of each of these selectors
are connected to one contact set of the preceeding stage.
These selectors are usually referred to as GROUP SELECTORS.
These group selectors may be followed by another set of group
selectors or FINAL SELECTCRS depending on the number of stages

in the exchange. When there is more than cne stage of group
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selection; the switches in each stage are designated 1st

Group Selectors, 2nd Group Selectors, and so on. In the group
selector, the switch is stepped axially on the receipt of a
pulse, the number of steps made corresponding to the number of
pulses received. When the axial movement is completed, the
shaft automatically rotates, making the wipers rotate over the
bank of contacts of the selected level to choose a free selector
in the next stage. This automatic rotary movement is sometimes
referred to as non-numerical selection to distinguish it from
the process of numerical selection which is controlled by the
dial.(8) Rotary movement of the group selector takes place
between consecutive digits from the calling subscriber's dial,
The rotary movement of a final selector is controlled by the

calling subscriber.

4.3 GENERALIZED OPERATION

L.3.17 Mazking A Call: Digit Selection - Pulse Transmission
With A Dial

When the calling subscriber 1lifts his handset, the cradle
switch closes a d.c. circuit from the local exchange across the
subscriber line to the telephone instrument. A line loop
is said to be closed. A dial tone is sent to the subscriber's
telephone to indicate that the digit receiver is prepared to

receive the digits. The subscriber can now start dialling.

There are two ways in which the digit information can be
transmitted te the local exchange. In the first type, the
telephone set is provided with a key set which generates veoice

frequencies, Each key gives a combination of two frequencies
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which are recognised by the exchange. This is sometimes
referred to as MULTIFRECUENCY (MF) dialling. In the second
type, usually referred to as ROTARY dialling, a number of
short interruptions in the line loop are generated by the dial
of the telephone set. This is the type currently in use in
Nigeria, and is the one considered in this thesis. When a
digit is dialled, a number of pulses forming a pulse train are

generated as shown in Fig. 4.1 (3)

The decimal digit signals are generated by a mechanical
dial mechanism wound up an amount , according to the digit to
be sent, by a finger inserted into one of ten holes in a dial
plate rotated to a stop and let go. The dial restores under
the control of a spring and governor to operate contacts in
the loop and which break the loop a number of times equal to
the value of the digit to be sent, ten breaks being used for
the digit zero. The uniformly rotating spindle of the dial
plate carries cams which operate the dial contacts in the

loop.

Thus, the sending comprises loop breaks which are pulses
of time durations and frequency dependent on the accuracy of the
dial governor. The nominal frequency is ten pulses per second
and the durations of the breaks, sixty to seventy percent of

the pulse period.(1)

At the receiving point, the only timing requirements are
means to determine when the duration of a loop break exceeds
some predetermined value and when the duration of a loop

closure exceeds some value which does not have to be the same
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as that of a loop break. Following the detection of a 1n0p
signal to initiatce a new call, loop breaks are counted and

timed. When the duration of a break exceeds a predetermined
value, the call has been cleared. The make signals following
breaks are also timed: One which exceeds some other
predetermined time signifies the completion of a digit up to that
point. Any further breacks belong to the next digit or are the

clear signal. _ : .

i

L.3:2. Puth-Scarch and Connection S

3

The designation, "step-by-step", refers to every dial pulsc
causing the wipers of a selector to take one step, being one
level or contact in a level, towards the final destination of

a call being set up. (1)

When the calling subscriber lifts his handset, the cradle
switch closes and completes a d.c. loop to the exchange. This
loop is used to prepare the exchange for the receipt of pulses
from the dial, The completion of the loop operates a line
relay and the uniselector automatically rotetes and hunts for
a free ocutlet in the 1st Group. If and when a free outlet is
Tound, a dial tone is sent across the line to the caller.

This is a proceced-to-send-address data message. (1) If there

is no free outlet, an engaged tone is sent to the caller.

On receipt of a dial tone, the caller proceeds to dial
the required called subscriber address. As each digit is
dialled, a pulse-~train corresponding to the digit is generated

as already described in the preceeding subsection, If, for
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example, the digit "5" is dialled, duringz the return of the
dial from the finger stop, a train of © break pulses is
transmitted to the 1st Group selector of the exchange, The Tirst
pulse received is used to cut off the dial tone. The wiper
assembly of the group selector moves axially to the level
corresponding to the number of pulses in the pulse-train
received, In the given example, the wipers will move to the
5th level., On getting to the sprropriate level, the wipers
then hunt automatically in a rotary manner, during the inter-
digital pause to find a free path to the next set of selectors
which may be group selectors or final selectors. IT they fail
to find a free path, that is, if they fail to find a free
selector, an engaged tone is sent to the calling subscriber.
If the level to which the wipers of the group selector moved
is not in use and leads to nowhere, the dialling must be in
error and circuits sending number uncbtainable, mn.u., tone

back to the caller will bhe found on the contacts.

The next digit dialled operatés ohe cf the selectors of
the 2nd Group, if there is one, in the same way a2s described
above. The last two digits in a directory number are used to
operate the final selectors. In the final selector, the
rotary motion is control ed by the last digit dialled., The
final selector completes the connection to the called subscriber,
If the connection to the called subscriber can be made, a ring
signal is sent to the telephone set of the subscriber, which
starts the bell ringing. Simultaneously, a ringing tene 1is
sent to the calling subscriber. If the connection cannot

be made because the called line is busy or faulty, then a
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busy or not obtainable tone, as appriopriatc, is sent back to

the caller,

To make the operation described above clearer, a
10,000 - 1ine exchange is now considered., (See Fig, L.2).(8)
When the calling subscriber lifts his receiver, the uniselector
automatically rotates to seize a free 1st Group selector in the
commeon group. The 1st digit dialled steps the group selector
to the required level and during the inter-digit pause, the
1st Group selector automatically hunts over the chosen level
to seize a free 2nd Group selector, The 2nd Group selector
responds to the second digit and at the end of the second
impulse train, hunts over the level to find a free Final
Selector. The 3rd digit from the caller's dial steps the
final selector axially while the 4th and lest digit directs
the rotary motion of the final selector to route the call to

the required line.

When a commection is established, a transmission bridge
is provided to both parties for the energization of their
respective transmitters, After dialling, and during the
conversational time, the loop from the calling subscriber's
telephone is utilized to provide a holding condition for the
call until the callerreplaces his receiver. At the end of
the conversation, the replacement of the caller's handset
reopens the calling loop at the cradle switch contacts and
the disconnection of the loop is utilized as a clearing signal

to release the train of automatic switches in the exchange,

The old Zaria four-digit step-by-step exchange while in

use, operated exactly like the 10,000-line exchange described

above,
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.4y NUMBERING SCHEME RESTRICTIONS

Theoretically, a 2 -digit numbering scheme should provide
accommodation for 100 subscriber lines, a 3 -digit scheme for
1000 lines and a L - digit scheme for 10,000 lines. In practice,
however, this thecretical multiple capacity is not obtained

owing tc the reservation of certain selector levels.

Experience has shown that it is inadvisable to use level 1
of first selectors on account of the danger of mis-routing
resulting from falsc initial pulses.(8) 1In all automatic
systems, a false pulse is liable to be transmitted by a subscriber
fumbling the cradle switch when removing the receiver., If
level 1 were included in the numbering scheme, and a subscriber
proceed to dial a number after inadvertently transmitting a
false pulse, a wrong number would be obtained. Moreover,
tapping earth or short-circuit faults on subscribers' liies
tend toc sten the first selector to level 1 and the use of
this level would therefore incur the risk of false calls
during storm conditions. For these reasons, it is the normal
practice to treat level 1 of the first selector in a switching

train as a spare level with its contacts connected to n.u. tone,

Level 0 1is usually allocated for obtaining access to the
operator, while level 9 is connected to a special group of
second selecters to provide access to various miscellaneous
services such as inquiries, speaking clock, police, fire-station
and so on. In addition to the reservation of levels 1, 9 and O,
the numbering scheme of any particular exchange may be further

restricted by the use of selector levels for outgoing junction
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routes, As a result of these restrictions, thc maximum
capacity of a Lh-digit exchange is 7,000 lines and the capacity
is correspondingly smaller if there are outgeing junction routes

from sclector levels.(8)

The old Zaria exchange had a nominal capaity of 2,000 lines.
However, only 1,700 lines were made available as subscribers'

lines.

4.5 BRIEF DESCRIFTION OF THE SIMULATICN PROGRAM

In so far acs the general organizational structure is
concerned, the simulation program for the step-by-step exchange
is very similar to that for the manual exchange already described.
However, differences occur in the execution routines as the
automatic nature of the step~by-step exchange and its mode of
operation have to be taken into account. The flow chart showing
how the program is organized is shown in Fig.C.2@)of Appendix C .

The exchange is a lost call system, and is code-named SIMTEX 1,

As in the case of the manual exchange, when the program is
started, the model is utilized for the particular run to be
made. The input information this time includes the number of
lines, the mean inter-arrival time, the mean call length and
the maximum number of processed calls making a run, The
uniselectors and varicus group selectors are then set to their
appropriate values., An initialization routine then sets various
numbers to their correct initial values. The first arrival time
is generated and the program enters the main routine concerned
with executing each cycle of events. As in the simulation

program for the manual exchange, this initial entry point is
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also the point from which to recycle when all changes ha e

been executed for one event,

Supprose the next call finishes at TF and the next arrival
is at TA' The program first decides whether the next activity
is to disconmnect a call or to attempt to commect a call, The

btest of the condition TF 5; T, makes this choice. With the

A
test defined this way, a coincidence of a disconnect and a new
arrival results in the disconnect being serviced first, Which-
ever activity is decided upon, the program updates the clock.
Vhen two events are coincidental, the program executes them
successively and the clock remains unchanged until all events
at that time have been executed, In the case of disconnecting
a call, the activity is unconditional and the program
immediately carries out the necessary action. Since a call has
Just finished, the¢ time the next call finishes, TF’ is updated.
The program collects statistics and returns for another cycle.
In the case of a new call arriving, the call is generated and
the program checks to sec whether enough calls have been
processed to finish the simulation run. If not, the attributes
of thé call are created at that time and the next arrival time
is generated. Tests are then made to see if the call will be
connected or lost either because one or more of the required
groups of selectors is full or the called line is busy. When

a call is connected, the program adjusts the records by entering
the new call in the 1list of calls in progress. When a call is
lost, the appropriate statistics are gathered. The program

has been designed to show at what point exactly along the
commection path it has been blocked, that is, whether at the




1st Group, 2Znd Group or Final selectors. The program then

resumes for one more cycle,

When enough calls have been processed to finish the
simulation run, the simulation stops, the results are printed,

and the program terminates.

As in the case of the simulation program for the manuzal
exchange, the simulation program for the step-by-step exchange
can be divided inte major sections, each section carrying out

a particular operation, viz:-

1. Program Initialization

Finding the Next Potential Event

. Comnnecting a Call
Disconnecting a Call

. Gathering Statistics

o N FowoN

Computing Final Statistics and Frinting out Results.

The flow charts showing how these sections implement

their various functions are contained in Appendix C

4.6 SIMULATION RESULTS AND ANALYSIS

Table .1 shows the selector-distribution in the
exchange, while Table 4.2 contains the simulation results for

the exchange.
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Table .12 Selector Distribution in the Step-ﬁy-Step bEr-change

l
[ SELECTORS | NUMBER
18t Group Selectors 181
2nd Group Selectors (Level 2) 119
’nd Group Selectors (Level 3) 79
FINAL SELECTORS:
] GROUP © NUMBER
| 21 13
) 22 19
‘ 23 19
| A RRT'
25 C 19
i 26 | 13
5, 27 f 13
' 28 _ )
29 0
o 75
31 13
32 | 19
33 13
3 j 15-
| 35 13
36 13
37 13
38 -
39 o
30 13
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Table L.2: Simulation Results for the Step-by-5Step Exchange

No. of Lines 1700

Mean Call Interval 12 seconds
Mean Call Length 120 seconds
Call Time 11325
Duration of Run 3 hours
No, of Calls 1000

Calls Completed Q8L

Busy Calls 5

Blocked Calls at 1st Group Selcctors 0
Blocked Calls at 2nd Group Selectors 0]
Blocked Calls at Final Selectors Q]

Total Number of Blocked Calls (0]

Mumber of Active Calls 11

It will be observed from Table } .2 that there is nc
blocked call recorded for this exchange. The graphs of
Fig., 4.3(a-d) show the behaviour of the system as certain
parameters are varied while cthers are kept constant, The very
close similarities between these graphs and the corresponding
ones obtained for the manual exchange are striking. (See

Fig. 3.1 (b=-1)).



There is only one step-by-step exchange in use in tie
telephone network under censideration: most of the exchanges
being of the crossbar type. 1In fact, a crossbar exchange
intended to replace the step-by-step exchange has been approved
for Kanoc. For this reason, a much more comprehensive study and
analysis of an exchange equipment has been reserved for the
crossbar exchange and is contained in the next chapter. Never-
theless, a comparison between the performance of the real step-by-
step exchange along with its associated external plant and what
its performance should be in the light of the simulation results
is expedient and is made in the following discussion, An
attempt is also made to account for any observed differences.,
The objective is to identify the factors adversely affecting
the performance of the system and make recommendations on how

the performance of the system can be improved.

As was earlier observed from the simulation results for
the step-by-step exchange (Table .2), there is no blocked call
recorded for this exchange. This reflects a vcry good performance
on the part of the exchange equipment. The exchange equipment
can, therefore, be said to be well-equipped to carry the required
traffic, Insuffieient equipment cannot, therefore, be said tc
be a problem of the Zaria telephone system. The system,

according to simulation results, should perform very well.

A fairly comprehensive survey of the Zaria telephone system
has been carried out,(10) The results of the survey in so far
as the faults encountered in the system are concerned are
summarized in Table L .3. The statistics cover a period of

one month.
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Table 4.3: Statistics of Faults in the Zaria Step-by-Ste,

Telephone System

No. of Times

Type of Fault Fault Occurs

Subscriber Instrument (Dials, cords, etc.) 10
PMBX Extensions 10
Overhead Block Terminals (BTs) and Ready 170
Access Terminals (RATs)
herial Cable-Joints 70
Underground Cable-Joints 2l
Overhead Damage: P& T Working Party 5
Overhead Damage: Others 1
Right When Tested (RWT) 72
Fault Not Found (FNF) 9
Long Duration Faults 1,602
-
Others 1
L.6.,1 Observations and Comments
T The Table does not contain any exchenge fault i.e., none
of the faults can be attributed to the exchange itself.
All the recerded faults are external to the switching
equipment,
2. RWT faults are¢ those which clear themselves Yefore any

action can be taken on them. 8Since such faults are

necessarily of very short duration, they will not be
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considered in this analysis as they do not contribute

appreciably to the performance of the system,

The high figure (1,602) recorded as long duration faults
are those which take days, weeks or even months te clear.
Such faults include damaged cable, knocked-down pole, etc.,
the replacement for vhich is not immediately available, or
for which some construction work has te be done before the
fault can be rectified. Hpnce, the same long duraticn
fault may be recorded each day as a new fault. The figure
1,602 is, therefore, roughly cumulative and does not
indicate 1,602 SEPARATE 1long duration faults; it rather
shows the total nunmber of long duration faults encountered
for the whole period under consideration., It is safe to

assume that the number cof separate long duration faults

for the month (of 28 days) is the mean of 1,602 as calculaied

from

Averqge no. of long duration faults = lggg

= 57

The figure, 57, represents the average number of uncleared
faults for the month considered. In other words, at the

end of the period, there werc roughly 57 uncleared faults.

Faults due to damage to overhead cables will be assumed,
for the purpose of this analysis, to have been included in
the long duration faults, as such damages usually take

quite some time to rectify.
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were the short-duration faults such as burnt-fuses, stuck
switches, etc. Such faults have negligible impact on the
overall performance of the system. It can, therefore, be
safely concluded that it was mainly external plant faults
that were adversely contributory to the performance of the

Zaria telephone system at the time the survey was done.

Table L.l shows that faults due to Block Terminal (BTs)and
Ready Access Terminals (RATs) have a rather high frequency of
occurrence, (or fault-rate). This should be a cause for
concern, The occurrence of cable faults is also disturbingly
high, accounting for almost 30% of all recorded faults,
However, the most serious of all, and ones that should be of
utmost concern, are the uncleared faults. Even though they

constitute less than 17% of the recorded faults, their impact

on *g ‘E of the system under consideration must not
ﬁ o ‘5’ They consist of long duration faults which,
9 g g sr on, include damaged cables, knocked-down
5 & vight take several days, weeks or even
1¢ seriousness of the impact of such faults
4 appreciated if one considers the fact
involve an upward of fifty subscriber-lines,
1 < consequently put out of service. Indeed, long

.on faults can be said to be the most important and
w0ous of all the faults encountcred in the system under
2viéw. It can even be hazarded that the performance of
the system is a direct function of the number and frequency

of the long duration faults occurring therein.
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It is perhaps worthy of note at this point that the
performance of the Zaria telephone system is not significantly
affected by public power supply failures. Apart from the
standby electricity genecrating plant provided, a set of
batteries capable of continuous power supply to the exchangc
for ten hours is also available. Incidentally, this set of
batteries has hardly ever been on load for any appreciable
length of time as the standby generator is invariably switched
on whenever there is a failure in the public power supply,

albeit with some delay on a few occasions.

It has been established in this analysis that the major
factor affecting the performance of the Zaria telephone system
is the high number of long duration faults occurring therein,
This conclusion has been arrived at on the basis of the
survey conductcd on the system.(10) It is necessary to
emphasize that this survey was carried out in 1980 and since
that time things have changed in respect of the system. The
analysis bascd on this survey has been made mainly to illustratc
the types of problems encountercd with a step-by-step exchange
and how these problems affect the performance of the system,
Thus, it is pertinent to point out that the high rate of
cable faults recorded for the system (Table L.4) was actually
due to the fact that most of the cables and cable<joint wunits
in use at the time the statistics were gathered (1980) were
very old and in need of replacement., Replacement, where
necessary, has since been completed. From the author's
private interviews with the technicians and tcchnoleogists at

the Zaria exchange, it was gathercd that the situation has
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improved markedly, relative to what it was a couple of

ears 4go.,. . T S
y g o i ;' e B ';'.ﬁ“. et

N > : .

To veLiﬁy this, the author initiasted a total ofl150
telephone calls at differcent periods of the day. O tha 100
random calls initiated during the peak period of the day
(9.00 - 11,00 am) 68 were successful, 6 were engaged while
thefe was no reply from 26 of the called subscribers. 25 of
the;‘no-reply' 1ines_were found to bglong to;residentiél_
subscribers. Fufthé;ﬁore,_éo liﬁés Bélonginglto.residential
subscéibers were chosen.ét random and calls initiated to the
various subscribers. This qu.doqe:betyeeﬁlg.oo and 10.00 pn.
Ll of fhesé calls were succéssful thle_theré was no reply
from 6 subscribers. Whiie the subscribers whom the author
conﬁersed with_qn‘the phone complained bitterly about their
seemingly perﬁetual inability to make any call outside Zaria
town, they were very satisfied and pleased with the periormance
of the system in so far as making local calls was conce?ned.

The results of this test confirm that the Zaria telephone

system can now rightly be said to perform satisfactorily.

A e e v
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CHAPTER FIVE

THE CROSSBAR EXCHANGE

5.1 INTRODUCTION

The basic element in any crossbar system is the crossbar
switch, which also gives the system its name. Talking
connections through switching frames are made by crossbar

switches.

Crossbar switches are co~ordinate relay contact switches
with a select magnet, DM, per row and a bridge magnet, DM, per
column of contacts as shown in Fig.5.1. (1) Any one set of
contacts is closed by operating first the appropriate select
magnet, which moves an armature to select a row of contact
sets, and then the bridge magnet which has an armature common
to all the sets in a column but closes the contacts ©f only
those sets for which a select magnet has been operated prior
to the movement of the bridge magnet. The bridge magnet having
operated the select magnet or magnets may be released for the

operation of other sets of contacts.

When a bridge magnet is not operated, all the contacts
of its column of contacts are open and none is affected by the
movement of any select magnet., When a bridge is operated,
the contacts in the column which are closed and those which
are open stay closed and open respectively no matter how the
select magnet may subsequently move, Only the operation
first of a select magnet and then of a bridge magnet

is able to chanpe the conditions of contacts
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by closing those at the co-ordinate point of the horizontal
select and vertical bridge magnets,

If more than one . . .. select magnet is operated, the
bridge magnet will close contacts corresponding to each, and
thereby sets of contacts in the same column may be operated

simultaneously or one set at a time,

In some switches, the bridge magnet coil currents do
not have to be maintained to keep the armatures operated, this
being achieved by mechanical or remanent magnetism latching.
Latched armatures are released by the momentary operation of
a magnet which, according to the design, may be the select or
the bridge magnet.(1)

Compared with individual relay operation, crossbar
switches require fewer but larger and more powerful magnets,
the operation being slower in consequence and the energy
required to operate them greater, The releasing speed is

comparable.

This chapter discusses the operating principles of a
crossbar exchange in general and, in particular, the NE-5
Crossbar Exchange which has been used as a model in the
simulation exercise. This is followed by the description of

the simulation program of the crossbar exchange.

’

5.2 GENERALIZED OPERATION

There are several ways in which crossbar switches are

connected together to form exchanges of various sizes. One
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way is shown in Fig. 5.2. (1). This uses switching stages

of three kinds. One kind concentrates the exchange line
traffic to originating, or.j., @nd to terminating, t.j.,
circuit processors called junctors. Another kind interconnccts
oy’ and incoming Jjunction Jjunctors, i.Jj., with outgoing
Junction, 0.j., service Jjunctor, s.Jj«, 2nd terminating
Jjunctors, t.j.. The third connects or.j.'s and i.j.'s with
originating registers, o.r., and incoming registers, i.r.,
respectively. Fig. 5.2 is typic2l of trunking used in practice.
The switch sizes and nuribers are, however, symbolic and large
exchanges need to use much more switches in serics than thosc

shown in the figure.

A call originating from an exchange line is connected
through its own set of switches to an originating junctor
suited to its class of serwvice. (The lines designated calling
subscriber and called subscriber lines respecctively are mainly
for illustration as any of the exchange lines can be either
a calling line or a called line at any given time). It is
then passed through a set of switches to an originating
register which receives, stores and processes the subscriber-
dialled directory number digits which define the connection

wanted,

A calling signal on an incoming junction actuates the
incoming Jjunctor to cennect via the switeh, G, to a junction
register, i.c.r., which receives digits from a register

connected to the other end of the junction,

When sufficient digits to define a connection through the

exchange switches have been received, the register, o.r., or
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i.c.r., actuates a translator-marker-connector switch to gain
connection to a translator-marker. The digits stored by the
register are then transferred to the translator-marker and .t
the same time, the register sends a datum  through the F or G
switch which is connecting it to a juncter to the junctor to
instruct it to mark thc point from which selection is to

start.

If a connection can be made, there being free trunks and
switches able tc do so, the connection is made by path search
and connection processors associated with the crossbar switchces,
not individually as in step-by-step systems, but in groups.

The connection is made via the trunk-link switches to a

service Jjunctor, s.j., or to an outgoing Jjunctor, o.j., and
junction or to a terminating Jjunctor suited to the class of
service of the called station. 1If no effcctive connection

can bc made, the register connects busy or not-attainable, n.u.,

tone, as appropriate, back to the caller.

For calls terminating in the exchange on an exchange
or service line or tone circuit, the rcgister is immediately
released. For calls outgoing on junctions, the register sends
a calling signal over the Jjunction to prepare the distant
end to receive the cell by the finding and connection of an
incoming Junction register, i.c.r. The distant register
when connected, sends a proceed-to-send-the-address datum
which, when received by the calling register, causes that
register to transmit to the called register the information

which it needs to advance or to complete the connection.
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When all data have been sent, the calling register releares.

A connection, when completed through the exchange and
relcased from the regis-er which established it, contains only
the circuit processors, i.e., the junctors, nccessary to the
supervision and control of the call until its release, together
with the crossbar switches which make the connecction by bridge

magnets operated and held,

On established calls, the junctors receive, relay and
process signals and data and exercise all control, applying
ringing, tones and metering pulses and finally releasing the

connections.

5.3 THE NE - 5 CROSSBAR EXCHANGE

5.3.1. General Dcscription

The NE - 5 Crossbar Exchange is a product of Northern
Electric Company Limited, Montreal, Canada, heénce its name,

The exchange has been equipped for a maximum of 1,900 lines.

The crossbar switch used in this exchange consists of
ten horizontal paths and twenty vertical paths. Other models
using a switch with ten vertical paths are also in usc. Any
horizontal path can be connected to any vertical path by means
of magnets, as already described in Scction 5.1. The points

of connection are known as cruss - points. The switch with

10 vertical paths hag 100 cross-points and is called a 100 - pcint
switch; the one with 20 vertical paths has 200 cross-points and

is called a 200-point switch.(9)

There are five selecting bars mounted horizontally across

the face of each switch, Each selecting bar has flexible
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selecting fingers attached to it, one finger for each vertical
path, and the bars can be rotated slightly to cause the select

fingers to go either up or down.

Ten or twenty vertical units are mounted on the switch
(in our model, 20) and each unit forms one vertical path.
Each unit operates under the control of a hold magnet and has
ten groups of contacts (one for each horizontal path) asscciat.c
with it. Each group of contacts may consist of three to six
pairs of contact springs. A switch is classified according
to the number of crosspoints and pairs of springs, for example,

a 200-point, 3-wire crossbar switch, as in cur model,(9)

The normal position ¢f the selecting fingers is horizontal,
lying between two groups of contacts. When a select magnet
operates, the selecting bar is rotated and one of the two
horizontal paths available to this bar is chosen. The sclecting
fingers now lie in front of a group of contacts., The hold
magnet of the vertical path to be connectud to this horizontal
path then operates its holding bar which, using the selecting
finger as a wedge, causes the group of contacts beside the
selecting finger to operate, thus connecting the herizontal
and vertical paths., Both the sclect and hold magnets must
be operated in order to close a crosspeint. The other groups
of contacts on this vertical unit do not operate since there

is no selecting finger between them and the holding bar,

After the operation of the¢ hold magnet, the select
magnet releases, returning the horizontal bar and all of the
selecting fingers back to normal, except those actively held
by operated hold magnets, The finger used to establish the
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connection, being flexible, remains wedged against the corntacts
by the holding bar, and in this way keeps the contacts operated.
When the hold magnet releases, the connection is released and
the selecting finger returns to normal. Since the selecting
finger tends to oscillate upon being relecased, damping cones
are provided on the hold magnet armature to act in conjunction

with the damping springs to minimize these oscillations.(8)

All connections in the message path to the crossbar exchangc
subscribers are established through two kinds of switching framcs;
Line-link frames and Trunk-link Fr-omes, The subscriber-lines arc
connected to the switches on the line-link frames while thc
various trunks and register circuits are connected to the switches
cn the trunk-link frames. These frames interconnect over
Jjunctors that are attached to junctor switches which appear on
the line-link and trunk-link frames. These switching operaticns
are controlled by control equipment which includes markers and

associated commectors.

Brief functional descriptions c¢f the equipment elements

now follow,

$.3.2. Line-Link Frames

The crossbar switches on the line-=link frame are divided

functionally into line switches and juncter switches.

Subscriber lines are connected to the line switches, and
Junctors to the Jjunctor switches. Line-links, which are merely
connecting wires, are provided for interconnecting the line
switches and junctor switches. Hence the name line-link

frame., Fig. 5,3 1is a simplified diagram of a line-link framc.
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The basic 1line-link frame is available in two sizes:
190 lines and 290 lines. The 290-line frame most commonly
used is a two-bay framework with each bay mounting ten
200-point crossbar switches. OCne and one-half switches on
each level are used as line switches. Each vertical on a
line switch is used for a customer line, except one which is
used for no-test access to the remaining 29. The half-switches
not used as line switches are uscd as Jjunctor switches, thus
providing ten verticals for terminating the Jjunctors on each
level., In the case of the 190-1line frame, separate switches
of ten verticals each are provided as junctor switches. The
model exchenge being considered has 190-line line-link frames.
The line relays, one for each customer line, are mounted at

the top of the line-link frame.

Line links appear on the horizontals of the switches,
ten line links on each switch, These ten line links are
distributed among the ten Jjunctor switches, one line link to
one horizontal on each of the ten junctor switches. This systom
of line links permits each line on a line-link frame to recach
any one of the 100 junctors serving that frame. Fig. 5.4 shows

how each line switch has access to all the Jjunctor switches.

As already noted, each line-link frame has 100 junctor -
terminations which are used to connect to all the trunk-link
frames making up the exchange. Since each trunk-link frame
has 200 junctor terminals for comnccting to all line-link
frames, the ratio of line-link frames to trunk-link frames

in an exchange is generally 2: 1. There are no half-frames.



(In an exchange with 13 line-link fromes, there are usually
7 trunk-link frames). However, conditions peculiar to a
particular exchange may cause some variations in this ratio.
In the model being considered, there are ten line-link frames

and, correspondingly, five trunk-link frames.

The 100 Jjunctors from each line-link frame are divided
intc aprroximately equal groups with one group from each linc-
link freme going to each trunk-link frame. The number of
Junctors in a group depends on the number of trunk-link frames
making up the exchange and is deteormined by dividing the 100
Junctors by the number of trunk-link frames. However, therc
is a limiting factor: for efficient service, no group can
contain less than ten junctors. In our model, e¢ach group

contains 20 junctors.

When there are ten or fewer trunk-link frames, each
Junctor group has ten or more Jjuncters. For example, in an
exchange with 8 trunk-link frames and 16 linec-link frames each
junctor group contains either 12 or 13 junctors. Fig. 5.5
illustrates the junctor distribution for 2 trunk-link frames
and 4 line-link frames. However, in zn exchange with 11 to 20
trunk-link frames, each Jjunctor is multiplied to two trunk-link
frames in order to have at least 10 junctors per group. Fig. 5.5
illustrates the junctor distribution for 20 trunk-link frames
and 4O line-link frames.

5.3.3. Trunk-Link Frames

The trunk-link frame is made up of trunk switches,

Junctor switchcs and various miscellaneous circuits. Trunks
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and originating registers are conneccted to the truhk éwitches.
The jJunctors from the line-link frame are connected to the
Juncteor switches. The trunk and junctor switches are inter-
connected by trunk links which are similar to the line links.
The trunk 1links connect the junctor switch verticals to the
trunk switch verticals; line links connect horizontal to

horizontal. The diagram of a trunk-link frame is shown in Fig.5.7.

The system of trunk links that permits any outlet or
trunk on a trunk link frame to be connected to anf one of
200 Jjunctors serving that frame is similar in principle to that
used on line=link frames. The number of trunk links, which
is 200, is the same as the number of junctors, The trunk links
run vertical to vertical, the junctors being comnnected tce the
horizontals of the Junctor switches and the trunks to the
horizontals of the trunk switches. In order to terminate 20
Junctors, on the horizontals of one 200-point switch, it is
necessary to &plit the horizontal multiple inte a left-hand and =&
right < hand half-switches. The two half-switches thus formed
are treated separately and the numbering of the verticals in
each half is simllar, but they are identified as left and right.
Although the trunk switches are not physically split, the
numbering of verticals is alsc on a left and right basis.,

Fig. 5.8 shows the distribution of the trunk links.

The ten trunk switches on the trunk-link frame furnish
locations for 160 trunks, each switch having locations for
16 trunks on eight of its levels (horizontals)., Fig. 5.9
illustrates how this is accomplished. Each of the ten trunk

switches 1s so arranged that each one of levels 2 to 9 ferminates
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on two three-wire trunks., OCne trunk on cach levels is

connected to one set of three wires of the horizontal multiple
and designated Appearance A, and the other trunk to a second

set of three wilres and designated Appearance B, The levels O anc
1 are directing levels, The eight appearances on each switch
that are selected by herizontal Q0 are called 4 appearances

and those selected by horizontal 1 are called B  appearances.(S)

5.3.k., Channels

A chmnnel ie & combination of a line-link, a Jjunctor, and
a trunk-link that can be formed, by crosspeint closures, into
a chain that interconnects a line and a trunk. The ten or mory
junctors in a group connecting a line-link frame with a trunk-
link frame are distributed cver the ten Junctor switches of
both the linc-link and trunk-link frameg. There are ten line
links serving each particular subscriber line on the line-link
frame, and these are also distributed over the ten junctoer
switches. There are twenty channels available for a connection
These chamnels are illustrated in Pig. $5.10. An idle channel

is selected by testing the twenty chennels at the same time.

5.3.5, Merkers

The markers are the most active of the larger pieces of
common control eguipment in the exchange. They are used in th~
completion of every call, Different exchanges have various
numbers of markers depending on the size of the exchange and

the traffic., The model has four markers. There are twoe types

of markers in usc: Dial Tone and Completing Markers.(9)
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The dial tone marker is used exclusively for dial tone
Jobs while the complcting marker is used for all other jobs.
In the model under consideration, there arc two dial tone
markers but only one is in use at any given time while the othcr
acts as a standby; there arc two corpleting markers and they
are both always simultaneously in use at any given time. The
dial tone and completing markers are independent of each other,
The complecting marker normally completes each of its various
functions in less than one sccond., A small number of markcrs

can, therefecre, serve a large exchange.

5.3.6., Originating Registers

Originating registers furnish dial tone to subscribers
and record the digits that are dialled or keyed. After dialling
or keying is completed, the called number is transferred from
the register to a completing marker. These registers also make
party dest on a two-party line to determine whether a tip or
ring party is making the call. Originating registers appear
on trunk-link frames, and one is connected to the subscribers'
line by the dial tone marker when the subscriber lifts the

receiver off the hook.
5-3-7- _‘1‘_{1121(__5

As has already becn noted, trunks have their switch frame
appearances on trunk-link frames and carry calls from cne
exchange to another and from subscriber to subscriber connected
to the same exchange, Varicus types of trunks are provided to
serve the various types of traffic in an exchange. The
following is a 1list of some of the principal categories of
trunks:(9)
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exchange consists of two channels established between the
subscriber lines through an intra-office trunk as shcwn in

Fig. 5.11,

A subscriber who makes an outgoing call teo another office
is connected through a channel to an ocutgoing trunk as shown
in Fig. 5.12. An incoming call to the exchange is comnected to
the called subscriber by means of a channel between the incoming
trunk and the called customer as shown in Fig, 5.13. Each of

these calls is known as an inter-cffice call.

5.1.2. Establishing Dial Connecction

When a2 subscriber lifts his handset, a lin¢ relay is
operated which causes the line-link frame to inform the line-link
marker connector that a dial tone marker is required. The line-
link marker connector selects an idle dial tone marker, It then
transmits to this marker the location of the calling line. The
only time the line-link marker conncctor seizes a marker is when
a dialling connection is to be established. (See Fig. 5.14,

connection 1).

In order to establish a dial connection between the calling
subscriber line and an idle originating register, the marker

must determine:

(2) The class of service, and equipment location of the calling
line i.e. the line-=link framc¢ number and the location of

the line on that frame.

(b) Whether an idle register is available, and the number

of the trunk-link frame on which it appears.






