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Foreword

For a numbser of vears, it has become the fashion (o wrile books on analytic
themes rather than on topics pertaining (o practical sysiems and their syothesis,
Thail has been so maialy lor two reasons: Firstly, analyic themes lend themselves
to elegant pedagogic presentation while engineering praciices do nof. Secondly,
practical systems change rapidly, and become dated prediy fast while analytical
theory remains valid for long periods of lime. In any case, there are few books
available oo the current practice of kelecommunication systems, That leads (o
avicious circle — in the absence of books, the lopic is not taught in universities,
and a3 it is oot tsught in universities, books are not written. Thiagarajan
Viswanathan has written a book which breaks this vickous circle, and makes o
laudable attempl vo GBIl a magor gap,

Inthe next twenby years, we may expect to wilness revolutionary changes in
telecommpnications practice. The loundations for such developments have
already been laid in the lorm of TSD. Hence, a book on (elecommunications
gystemis based on the newly accepted mternationn] practices i timely.

In the Aurry and excitement of new developments, the tendency i 1o forgel
the pinneering past, and therelby lose the historical perspective so essential for
seholarly study, 1 am, therefore, particularly pleased that his boek does pay
attention to the historical processes is telecommunication swiiching

T am happy to commend this beok to all telecommunication engineess.

P.Y. Indiresan

Fresiden!

The fnstination of Elecironics and
Telecommunication Engirieers
New Dl
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Preface

Today's telecommunication metwork 15 a complex interconnection of a variety
of heterogeneous switching systems. Electromechanical and clectronic systems,
direct and common control systems, and hard-wired and stored program
control systems coexist. In & sense, it is a marvel that these systems work in close
cooperation to offer a plethora of complex telecommunication scriees, oficn
iavelving instantaneows information transfer across the globe, Presently, two
important classes of telecomemunication networks, vie, public switched
telephone network (PSTN} and public data network (PDN} are in wide use.
The newly emerging integrated services digital network (ISDM) is expected o
be in place in the next 20 vears or 0 a3 a resull of the process of f(otal
digitalisation of telecommunication networks currently under way. This fext is
a (reatment on both sediching systems and felecommunication networks in &
singie volume.

The motivation for writing this Lext came when | tavght regualar
full-semester and short-term courses on switching syatems and networks’ al the
Trdian Tnstitute of Scence, Bangalore. T keenby feft the absence of a suitable text
for the purpose. This book is meant 1o [ this void and 15 designed for the firal
year undergraduate or the first year postgraduate students in electronics aml
commumnications enginecring and allizd subjects, It may be difficult to cover the
enlire (ext in one semester, Depeading on other courses offered and the
cmphasis given in a programme, a ieacher may like to omit one or two chapters
in & one-semester course.

I have attempted (o gve a balanced Blend of theorctical and practical
aspects in the text. Concepts and system level treatment are given emphasis,
Analvtical or mathematical treatment is introduced ooly to the extent required.
Worked-oul examples are given where considered necessary, All chaplers
conlain exgrcises, and answers are provided for the selected exercises at the end
of the hook.

For over 40 years, telecommunications has largely been confined 1o the
private domaia of actwork operators. Resecarch, development and even
education have been pursued by a low firms and organisations. Tt is only recently
that a large number of entreprencurs bave entered the feld of elecom-
munications. Such new catrants should find this book (o be a valuable assel. The
coverage of recent topics fike Abre optic communicatson systems and networks,
time division switching systems, data networks, ISDHN, and voice data
integration schemes should interest the practising professionals,

I have devoled two full chapters to discussat leagth, the somewhat outdaied
Strowger and crossbar systems, for two reasons, The fist and most important
one is pedagogical. Many fundamental concepts underlying the desagn of
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maodern electronic exchanges have evalved from these systems. Secondly, maost
of the less developed and developing countrics including India have operational
Strowger and crossbar swaslema, often in large numbers,

Chapter 1 introduces the subject. In this chapier, the evolution of the
telecommunication networks is briefly traced, stariing from the inveation of the
telephone by Alexander Graham Bell and ending with the emerging ISDM. A
classification scheme for the switching systems is presented. Basic network
structures sisch as folded, nonfolded, Blocking and soablocking struciures are
introduced,

Chapter 2 deals with pulse dialling and Sirowges automalic switching
systems, A& sel of parameters Lo evaluale afiernative desigrs of swilching systems
ts tntroduced in this chapier, These parameters are genenic in nature and are
used throughout the text 1o compare different designs.

Chapter 3 dhiscusses the dual toae multifrequency (DTMEF) telephones and
signalling, the common control coacepts, and the crossbar swatching systems,

Chapter 415 devated ta stored program control {SPC) and multistage space
division networks. Here, fault tolerant SPC architectures are discussed besicles
system and application sofiware aspects. The enhanced felecommunication
services thal becomie possibie with the introduction of SFC are then presentad.

Chapicr 5 lays the foundation for digital voice transmission. Alter covening
linar quantisation, companding and CUITT A-law are discussed. This chapter
ends with & presentation on CCITT time division multiplexing hicrarchy.

Chapler & concentrales on lime diviskon swiltching, First, analog and digatal
timne divasion swilching iechriques are discussed. The idea of tGime multiplesed
inpalfoit put streams and the corresponding time division swilching concepia
are then pressoled. Al the end, time-space combination confligurations are
discussed with real life examples.

Chapter 7 s devoled to Rbre oplic communication syslems which are
cmerging as a magor allernative to coaxial cable systems. This chapier covers
types of optical Ghres, optical sources and delectors, and deals with power
losses in fibre optic systems mving  related power badpstl caloulations, This
chapter conciuedes with a discussion an the practical apphication of fibre optic
communicaiion systems in lecommunicalion nelworks.,

Chapter 8 15 on Irallic engineering which s the basis lor the design and
analysis of telecommunication networks, Grade of service (GOS) and blocking
probability ideas are placed in proper perspective in this chapier. Basic
concepls of modelling switching systems as birth-death stochastic processes arc
prosented, Loss system and delay system models are discussed.

Chapters 9-11 deal with the three most important iclecommunication
networks: telephone networks, data metworks and imegrated services Jdigital
neiworks. Chapter @ provides a comprehensive coverage of the telephons
neiwork aspects discussing sebscriber loop systems, switching hierarchy, and
transmission, numbering and charging plans. In addition, a bricf description of
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the various ransaussion syslems, viz, coasial cable, wonospheric, iroposcatier,
microwave, and satellite commumication svslems, is grvien. Besides, a discussion
on inchannel and commoen channel signalling sysiems is also included. Finally,
this chapter presents the iniroduoctory concepis of the sewly emerging cellular
mobile communications.

Chapter 10 opens with a discussion on data fransmission over PSTN and
provides a detailed treament on open system interconnection [O51) reference
model. 1§ then goes on to present imporiant aspecis of local and metropolilan
arca networks, and satelliie based data networks. Basics of fibre opiic data
networks where considerable research interest lies at present arc thea deali
with, Oiher aspects discussed in this chapter teclude dala network standards
and nlzrneiworking,

Tt Cha pler L1, after h:riJ,:ﬂ:,l di\i.'uminglh-l,: gt ivation for 1SN, some of the
new services that are possible in the context of 150N are presented. 18BN
arehitecture, wser-network interface and 1SDN standards are coverad in this
|:]1.a|'.l'|1.'r. I8 it envasisned Lhal arliﬁl.'ial:inll:"ig_u i il CRpEr syl wuuldph:,-
H1 siguiﬁr:anl eole m futore lelecommunication nepwarks and henee a bricl
treatise on this topic is given. The chapter conciudes with 8 discussion on some
of the voeee duls inlugr:lliun wrhirmies

I szl out towrite this et with an aim of giving a broad, et fairly in-depth,
and wp-to-dale coverage of lelecommumcation swilching systems and nelworks,
Hera far [ have succeeded i this aim & for the readers 1o judge. T would be
grateful for comments from the readers, especially stwdents, feachers and
praciising profossicnals,

T. ¥iswanaihan



Acknowledgements

Many have contribuled (o the successlul preparation of Lhis test. T would like Lo
place on record my grateful thanks (o each one ol them,

I began wriling this text when 1 was a Professor 2t the Indsan Institute of
Science (I15c), Bangalore, but wrote a major part of &t while being the Crirectos
of the Indian Mational Scientific Documentation Centre (INSDOC), a
constituent establishment of the Council of Scientifie and Industrizl Resezrch
(CSIR) of the Government of India. Financial support for the preparation of
the manwescript came from the Curriculum Development Cell al T15¢ sef up by
the Mimsiry of Human Resource Development. The excellent infrasirucioral
facilities of INSDOC and the gracious words of encouragement from
Prof. 5 K Joahi, Director General, CRIR hastened the process of completing
the text.

Shri ¥ Gopal ofthe Depariment of Telecommunications pul in considerable
effort and reviewed the manuserigl in a time-bound manner. Shei J M Jose, a
research fellow al IKSDOC, verified the worked-oul examples and meticulously
perused prarts of the manuagripl. He alio rendered very valuable assistance in
meany other ways.

Smi. Chandrika Sridhar at 15c and Smil, Sushma Arora s INSDOC
renddened their skillful services in word processing the kandwritien manuseripl,
Both of them did their job so efficiently and delightfully that I kad no hesitation
in revising, modifying and correcting the computerised manuscripl many fimes,
Both of them went out of their way to mect deadlines and schedules,

The camers ready copies of the manuscript were prepared at INSDNI
u.;'ms sk Lop puhﬁshi.n!_ faciliies, Shri B Sadananda Bae, Smil, Sacls Duta
and 3hri 8 D Barman comributed significantly to this activity. The rich
expericnce, expertize and the maturity of Sbri B Sadanands Rao have been an
asel,

Al ey office stall and a few other colleagues at INSDOC have in some way
contributed Lo this process. In particular, 5/5hni P R Gupta, Trilok Singh Meg,
Durga Dot Tiward snd Balwant Singh deserve mention,

The publishers, Prentice-Hall of India, meticulously processed the
maneseripl with remarkable speed, both during the editorial and production
stages, and made valuable improvements.

A number of persons have been well wishers of this activity. Foremast
among them are 5750 N Jayaraman, ¥ Rajaraman, T N Seshan, Dr B B Sunde-
resan, Y 5 Bajan and W Pant.

My wile has been a mentor in this effort, When | was overjoyed at having
completed some poction, she gently reminded me of the work still left. When 1
wis concerned aboyl nol progressing, she ook care of even my trivial personal
needs, enabling me o devote my full energy on this effost. The test was tried ca

wix



i Acknowiedgemenis

my firsd daughter, a beight student of mathematics, who studied the texi and
lcarnt the subject on her own. When she did nol understand some concepts, it
wis an indication for me (o revise the concerned portion, When T was excited
about snme sew activities and talked of some "big things’, it was given (o my
younger daughter to say' Appa, first finich your book, that ic the best service you
can render’, B

I am overwheimed, whea I (hink of the fact that there are so many who have
worked to make this effort a success although there is only one name printed as
author in the text, I am indebied to each one of them.

Ti s my experience that both soeace and religion have their rolas to play in
one's lfe. While science has helped me bo think and reasoa rationally, religion
has carried me bevond the reaim of thought and reasoning, A great seer of India
has hlessed this effort and I feel that be kas taken me one step nearer (o God
throuagh this effort, It is with great kumility that T offer this text at the feet of the
Supreme Being,

T. Yiswanathao



1

Introduction

The fcld of velecommunications has evelved [rom a stage when @igns, doum
beats and semaphores were used for long distance communication (o & stage
when electrical, radio and clectro-optical signals arc being used, Optical
signals produced by laser sources and carricd by wlira-pure glass libres are
recent additions o the ficld, Telecommunication nelworks carry informaticn
signals among entilics which are geographically far apart, An eotily may be g
computer, o human being, a fpesimile machiog, ateleprmter, a dala tecminal,
and 50 on, Billions of such entitics the world-over are involved in the process
ol infoemation transfer which may be in the form of a telephone conversation
or a fle transfer beltween twi 1,:I.I:I'I:|F|-|l|l;".ﬂi 07 & mesLage transler Bedween (wo
terminals, cic. In telephooe conversation, the one who initiates the call is
referred 1o as the ealling subscriber and the ose for whom the eall s
destined is the called subseriber. In other cases of information transfer, the
communicating entitics are known as source and destination, respectively,

The full potential of telecommunications is realised only when any entity
'lrl ng parl_ uf 1|1||,-. w.:_:-r]rl CRA Comum urlil.::lr: wil;h iy |.1|:|11.:r l:nl::il;}' an another
part of the world, Modern telecommunication networks attempt fo make this
idea of ‘unwversal conpectivity’ a reality, Connectivily in tzlecommnication
networks is achicved by the use of switching systems. This 1ext deals wath the
telecommunication switching systems and (he networks that wie them 1o
provide worldwide connectmvity,

1.1 Evolution of Telecommunications

Historically, transmission of telegraphic signals over wires was the first
technological development i the Leld of miodera telecommunications, Tele-
graphy was infroduced in 1837 in Gireat Britain and in 1843 in France, In
March 1876, Alexander Graham Bell demonsieated his felephone set and the
possibility of ielephony, i.e. long-disiance voice transmission. Graham Bell's
invention was one of those rare inventions which was put to practical use
almaost immediately, His demonstrations laid the foundation for tzlephony.
Giraham Bell demonstrated a point-to-point telephone conncction. A
nctwork wsing point-io-poist coanections s shown in Fig, 1.1, In such a

1
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4 3
Fig. 1.1 A network with poini-to-point links.

network, a calling subseriber chooses the appropriate link to establish con-
nection with the eslled subcesiber. In order to deaw the sttention of the
called sobseriber before information exchange can begin, some form of
signalling &5 required with cach link. If the called suhscriber is cngaged, &
suitable imdication skould be given to the calling sabscriber by means of
signalling,

In Fig. 1.1, there are fve entities and 10 point-fo-point links, In a general
case with o entibics, there are ald — 1)/2 links, Let us consider the o entities
in some order. In order to connect the frst enfity to all other enfitics, we
requirs (o — 1) links. With this, the second entity is already connected to the
first. We now need {n — 2) links to connect the second entity to the olhers. For
the third entity, we need (n - 3} links, for the fourth (n - 47 links, and 20 o,
The tolal pumber of links, L works out as follows:

E=m=1+n=24..4+1%0=nfn-1}2 1.1}

MNetworks with poini-to-point links amosg all the eatitics are known as
fully connected networks. The number of links required in a fully connzcted
network becomes very larpe even with moderate values of 5. For example, we
reguire 1225 links for fully interconnecting 50 subscribers. Consequaently,
practical use of Bell's invention on a large scale or even on & moderate scale
demanded not oaly the telephone sets and the pairs of wires, but also the so-
called switching svstem or the switching sffice or the exchange. With the
istroduction of the switching systems, the subscribers are ool connected
directly to one another; nstead, they are connected 1o the switching system
as shown in Fig. 1.2. When a subseriber wants 1o communicate with another,
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Swilching System

i e

5 5 5 5
Fig. 1.2  Subseriber inlerconnection wsing a switching system.

a comneciion is cstablished between the (wo at the swatching system.
Figure 1.2 shows a connection beiween subscriber $7 and 3 - 1. In this con-
figuration, only one link per subscriber iz required between the subscriber
and the switching system, and the total mumber of such links 15 equal 10 the
numher of subscribers connected to the syvstem. Signalfing is aow required to
draw the attention of the switching syslem o establish or release o con-
nection. It should also enable the switching system Lo detect whether & called
subscriber is busy and, if 50, indicate the same 1o the calling subscriber. The
fonctions performed by a switching syatem in cslablishing and relcasing
connections are known as control funclions,

Early swilching systems were manual and operator oriented, Limitstions
of operator manned switching systems were guickly recogniscd and aute-
matic exchanges came inlo exslence. Aulomalic switching systems can be
classificd as electromechanlcal and electronle. Electromechanical switchiag
systems inchode step-by-step and crossbar systems. The step-ly-step sys-
tem is beller known as Strowger swilching system after s inventior
AB. Strowger. The control functions in a Strowger system arc performed by
circuits associsted with the switching elements in the system. Crosshar
systems have hard-wired control subsystcms which uwse relays and laiches,
These subsysiems have liniled capability and &t &5 virtually impossible o
modify them 1o provide additional functionaliies, In electronie switching
systems, the control functions are performed by 8 compuber of a processor,
Henee, these systems are called stored program control (SPC) sysiems, New
Izcilities can be added to a SPC system by changing the control program, The
switching scheme wsed by elecironic switching sysiems may be either space
division switching or time divisien switching, In space division switching, a
dedicated path is established between the calling and the called subseribers
for the entire duration of the call, Space divizsion switching is also the tech-
wique used in Strowger and crossbar systems, An clectronic exchange may
use a crosshar seilching matrix for space division swilching, In other words,
a crosshar switching system with SPC qualifies as an clectronic exchange.

In gime divizion swilching, sampled values of speech signals are trans
ferred at fived intervals, Time division switching may be analog or digital. In
analog switching, the sampled voliage levels  are transmitted as they are,
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whereas in digmtal switching, they are binary coded and (ransmitied, If the
coded values are transferred during the same time interval from input to
output, the technique is called space switching, Il the values are stored and
transferred o the output at a later time interval, the technique is called tine
switching. A time division digital switch may also be designed by using a
combination of space and time switching technigues. Figure 1.3 summarises

Switching Syvslems
|
i i
hlanual Automatic
M ! |
Eleciromechanical Elecironic
(Stored program conerol)

Strowger ar Crosshar Space division Time division
step-by-siep switching switching

I_l_l

Digial Analog
]
I | |

Spacc Time  Combination
switch gwitch switch
Fig. 1.3 Classification of switclhing syslems.

ihe classification of switching avstems. In Chapiers 2 and 3, we deal with
eleciromechanical switching systems, Electronic space division networks are
discussed in Chapter 4. Digitisation of speech, which iz a fundamental
requirement for electronic me division switching setworks, is discussad in
Chapter 3, and the time division switching technagues in Chapter 6.
Subseribers all pver the world cannof be coanected 1o a single switching
system unless we have a gigantic switching sysfem in the sky and every
suhscriber has a direct access to the same. Although communication satellite
systems covering the entire globe and low cost reof-top anbenna present such
a scenario, the capacity of such systems is fimited at present. The major par
of the telecommumicalion oetworks 15 stll ground based, where subscribers
are connected w the switching system vin copper wires, Techmological and
emginecring constraints of signal fransfes on & pair of wires necessifate that
the subscribers be located within & few kilometres from the ssalching sysiem.
By introducing & nomber of stand-alone swaiching systems i approprisic
geographical locations, communication capabifity can be established among
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the subscribers in the same locality, However, for subscribers in different
localities to communicate, it is necessary that the switching systems are
interconnected in the form of a network. Figure 1.4 shows a telecommuni-

W) \*f

551 552
Al - |
| Trunks 1> Trunks
|
L1l
853 554
—_—
Jlrllrll '-1|| 1|| lII .III -"‘II II
Subscriber lines Subscriber lince

38 = gwitching system
Fig. 1.4 A telecommunication network.

cation network. The links that run betwecn the switching syatems are called
trusks, sed those that ean to the subseriber premises are known asg
subscriber Hnes. The number of trunks may vary between pairs of switching
systems and is determined on the basis of traffic between them. As the
number of switching systems increases, interconnecting them hecomes
complex. The problem is tackled by mtroducing a hierarchical structure
amodng the switching systems and vaing a number of them in series to estab-
lish connection between subscribers. The design and analysis of switching
systems and telecommunication metworks are based on the traffic engineer-
ing concepts; these are covered in Chapter 8.

A moders lelecommunication network may be viewed as an aggregate of
a large number of point-to-point electrical or oplical communication syslems
shown in Fig. 1.5. While thise systems are capable of carrying electrical or
optical signaly, a2 the case may be, the information o be conveyed is aont
abways in the form of these signals, For example, homan speech signals nesd
to be converted to clectrical or optical signals before they can be carried by
a commupication system. Transducers perform this energy conversion.
Present day optical sources require electrical signals as input;, and the optical
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{a) An electrical communication sysiem

Original Reproduced
signal signal

Noke

£
EI:L:l

BB

Free space [ Optical cable

(b) An optical communication system

Cl = channel interface EQC = electrical to optical converter
ES = ¢lectrical signal OEC = optical to electrical converter
5C = signal condifioner T = transducer,

Fig. 1.5 Elemenis of a communmication system.
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deteciors produce electrical signals as putput. Heace, the onginal signals are
first converted to electrical signals and then 1o optical zignals at the fransmii-
ting end of an oplical communication sysiem and at the receiving eod optical
signals are coaveried o electrical signasls belore the original signal is
reproduced. A medium is required to carry the signals. This medivm, called
the channel, may be the free spaces, a copper cable, or the free space ia
conjunciion with a satellite in the case of an electrical communication
system. An optical commuamication system may use the hae-of-sight free
space or fibre optic cables as the channel. Channels, in general, are lossy and
prome Lo external nodse that COITUpPLE the inlormalion mrr:r'inu xigrl.alﬁ. Df-
ferent chanuels exhibit different loss characteristics and are alfected to
different degrees by noise. Accordingly, the chosen channel demands that
the information signals be properly conditioned belore they are ransminied,
5o that the effect of the lessy pature of the chanpel and the poke & kept
within fimits and the signals realh the destination with acceplable level of
intelligibility and fidelity, Signal conditioning may inclode amplification,

l'l]'t-r.nrq, band-limiling, I:I1.Il|'|1],'.||EZIJI1E_ anil dl;:l:llllllll‘lll::l.lﬂE Fibre oplic com-

municalion SYslems are smerging &5 major ransmission systems for fele-

commumications. Chapter 7 deals with this newly crerging communication
ystom,

The channel and the signal characteristics of individual communication
systems in a felecommunication network may vary widely, For example, the
communication system between the subscrniber and the switching system wses
mast often & pair of copper wires as the channel, whereas the communication
system between the switching systems may use a coaxial cable or the free
space [microwave) as the channel, Similarty, the type of end equipment used
ak the subscriber premises wonld decide the electrical characleristics of
signals carricd between the subsenber end and the switching system. Fog
example, electrical charactenstics of teleprinter signals are completely dif-
ferent from those of telephone signals. In fact, such wide variations in signal
characteristics have led to the development of different service specific
telecommunication networks that operate independently. Examples arc;

1. Telegraph networks
Z. Telex networks
3. Telephose nctworks
4, Diata metworks.

We discuss the elephone networks in Chapier 9 and the data networks
in Chapter 10, Mapagement and maintenance of multiple networks are
expensive. The question thep artses: [s it possible to design a single network
that can carry all ihe services? The key (o the solution of this problem lics in
the digitalisstion of services, IF all the service specilic signals can be
converied [0 & common digital domain, a network capable of transporting
digital signals can cacry ihe muliitude of services, This approach is leading to
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the evolution of the imtegrated services digital network (ISDN) wiich s
discussed in Chapler 11

1.2 Simple Telephone Communication

In the simplest form of & telephone circait, there is a one way COMMmuUnication
involving fwo entitics, one receiving (listening) and the other transmitting
(talking). This form of one way communication shown in Fig, 1.6 is known as

Microphone g " L
—— Earphone

Fig. L& A simpiex telephone circuit,

simplex communication. The microphone and the carphone are the tramns-
ducer clements of the telephone communication system. Microphone
conpverls speech signaly into elecirical signaly and the earphone converts
electrical signals into audio signals, Most commonly used microphone 15 a
carbon microphone, Carbon microphones do nol produce bigh Gdelity
signals, but wve out strong electrical signals at acceptabie quality levels For
telephone conversation. In carbon macrophones, a cerfain quantity of small
carbon granules is placed in a box, Carbon granules condect electricity and
the resistance offered by them is deperdent wpon the density with which they
are packed. One side of the bax cover is flexible and is mechanically attached
to & diapbragm. When sound waves impinge on the diaphragm, i vibrates,
causing the carbon granules (o mm;nrmnrnrpmd.lhlu changing (he resist-
vity offered by the granules. If a voltage is applied to the microphone, the
currgnt in the circuit varies according to the vibrations of the diaphragm. The
theory of the carbon microphone indicares that the microphons funchions
fike an amplitude modulator, When the sound waves impinge on the dia-
phragm, the inslantaneous resistance of the microphone 15 given by

£ =y — F5inad {12}
where
ry = quiescent resistance of the microphone when there is no
speech signal
r = maximum variation in resistaoce offered by the carbon
granules, r = ry

r; = instantaneous resistance,

The negative sign in Eq, (1.2} indicates that when the carbon granules are
compressed the resistance decreases and wice versa. Ignoring impedances
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external (o the microphone in the dreuil given in Fig. 1.6, without loss of
generality, the instantaneous current in the microphone is given by

i= Mi{ry = rsinwe) = [{1 = m sin ad) " (L3}

where
[y = Viry = quiescent current in Lhe microphone

m=rr, m<l
By hinomial theorem, Eq. (1.3) may be expanded as
i=£;,{l+m5inm+m25if [ {1.4)

If the walue of m & sulficiently small, which 15 usually the case in practice,
highar-order terms can be ignored in Eq. (1.4), gving therehy

i =Tl + m sin ar) {1.5)

which resembles the amplitude modulation (AM) equation. Thus, the carbon
granule microphone acts s5 a modulator of the direct current Jo which is
analogous to the carrier wave in AM systems. The quantity m is cquivalent to
the modulation index in AM. The higher-order terms in Eq. (1.4) represent
higher-order harmonic distortions, and hence it 15 essential that the value of
m be kept sufficiently low. In Eq. (1.5), the altcrnating current cwtput i is
wero il the quiescent current I is zero, Hence, the How of this sleady carrent
through the microphone is essential, and the current self &= known as
energising current. In Fig. 1.6, the inductor acts as a kigh impedance element
for voice frequency signals but permits the d.c, from the battery to Qow 1o the
microphone and the receiver. The voice frequency signals generated by the
microphone reach the earphone withont being shunted by the baitery arm
and are converted to audio signals there,

The carphoae i usually an electiromagnet with a magnenic disphragm
which is positioned such that there is an air gap between it and (he poles of
the electromagnet, When the eleciromagnet is energised by passing a
current, & force is exerted oa the diaphragm. The voice frequency corrent
from the microphone causes varialion in ike force exeried by the eleciro-
magnet, thus vibirating the diaphragm and producing sound waves. Faithful
reproduction of the signals by the receiver requires that the magnetic
diaphragm be displaced in one direction from ils unstressed position. The
guiescent current provides this bias. In some circnits, a permanent magnet is
used to provide the accessary displacement instead of the quisscent current.
The instantancous flux linking the poles of the electromagnet and the
diaphragm is given by

@ =gy + P sin ax V1.6)
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whene

gy = constant Mux due to the quiescent current or the permancat
magnet
¢ = maximam amphtude of fux variation, ¢ < ¢y

#; = instantancous flux

Equation [1.6) assumes that (he vibrafions of the diaphragm are too
small to affect the length of the air gap and that the reluctance of the
magnetic path is constant, The instantansows force exerted oa the diaphragm
is proportional to the square of the instantaneous flux linking the path.
Therelore,

F = K(gp + @ sin w)? (1.7

where K is the constant of proportionality, Expanding the right-hand side of
Eq. (1.7}, we have

Fm K]+ 9" sin’ wr + 2 ¢ sin ot} (1.8)

When (¢ /o) =< 1, we can igoore the second-order term in Eq.(18). We
then have

F = Kg3(1 + Kl sin wr) (1.%)

where Joy sin ot 15 the current fiowing through the coll. We thus see (hat the
force expericnced by the diaphragm is in accordance with the signals
prodiuced by the microphone.

In a normal 1zlephone communication system, information is transferred
both ways, An cntiiy is capable of both receving and sending although these
da not take place stmultancously, An entily is either receiving or sending at
any wmstant of time, When one entily is transmilfing, the other is receiving and
wice versa. Such a form of communication where the information transfer
takes place both ways but oot simultancously is known as half-duplex
communication. If the information transfer takes place in both dircctions
simultancously, then it is called full-deplex communication.

Figure L& may be modified to achigve hall-duplex commainication by the
introduction of a trassmitter and receiver ot both ends of the circuit as showa
in Fig. 1.7, In this circuil, the speech of 4 is heard by 8 as well a3 in A's own
carphone. This audio signal, heard at the generating end, is called sidetone.
A cerlain amouni of sidetone is wselul, or even essential, Human spesech and
bearing system is a feedback system in whick the volume of speech is
aulomatically adjusted, based on the sidetons heard by the ear. 1f no sidetoae
is present, a person tends o shout, and if 1oo much of sidetone & present,
there is a tendency to reduce the speech to a very low level. In the circuit of
Fig. 1.7, the entire speech iniensity is heard as sidetone, which i oot
destrable. Figure 1.8 gives a circuit where a small level of stdetone and the
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Subseriber 4 Subseriber B

NETs

E = carphone M = microphone
Fig. L7 A half-duplex telephone circuit.

cmmmmm

-
X

Subscriber Exchange

.

Fig. 1.8 A felephone circuil with sidetons coupling,

full speech ugnal from the oiber party are coupled fo the receiver, The
impedance £y, 15 chosen to be more or less equal o the impedance scen by
the circuit to the right of section 44", As a consequence, with proper side-

tone coupling the speech signal from the microphone M divides more or less
equally in the two windings P and (. Since the signals in these two windings
are in the opposite direction, only & small induced voltage appears in the
receiver circuit providing the sidetone, When a signai is received from the
other entity, it travels in the same direction i bolh windings P and O,
inducing & large signal in the receiver circuit,



12 Tnirodiiciton

1.3 Basics of a Switching System

A major component of a switching syslem or an ¢xchange 15 the set of input
and outpul circoits called inlets and autlets, respectively. The primary
[unction of a switching system is Lo establish an electrical path between a
given inlet-outlet pair, The hardware used for establishing such a connection
is called the switching matrix or the switching network. It is important o
note that the switching network is a componsot of the switching system and
should nof be confused with ielecommunication nefwork, Figure 1.%a)
shows a model of a switching network with A inlets and M owotlets. When
N = M, the switching network s called a symmetric network. The inlets/
oullets may be connecied to local subscriber lines or to trunks from/to other
exchanges a5 shown in Fig. 1.9(b). When all the inleta/outlets are connected
to the subscriber lines, the logical connection appears as shown in Fig. 1.9%{c).
I this case, the output lnes are folded back (o the input and hence the
network is called a folded network. In Fig. 1.9(b), four types of connections
mity be established:

1. Local call connection between ton subseribers in the system

2, Duigoing call coanection between a subseriber and an oulgoing
trunk

3. Incoming call connection bebween an incoming trunk and a local
suhscriber

4. Transit call connection between an incoming trunk and an puigoing
trunk.

In & folded network with N subscribers, there can be a maximum of N2
simultaneods calls or information interchanges, The switching network may
be designed to provide N2 simultzaeous switching patha, in which case the
network is said to be sonbocklng. In a nonblocking network, as long as a
called subscriber is free, a calling subscriber will always be able to establish
a connection to the called subscriber. In other words, a subseritber will not be
denied a connection for want of swilching resources, Bul, in general, i rarely
happens that all the possible conversations take place stmultaneously. It may,
hence, be cconomical 1o design a switching network that has as many
simultancous switching paths as the average aumber of conversations
expected. To this case, it may occazionally happen thal when a subscriber
requests s conmection, there are no switching paths free in the network, and
hence be is denied connection, In such an event, the subscriber is said to be
blocked, and the switching netwark & called s blocking netwark, In a block-
ing network, the number of simultancous switching paths is less than the
maximum awmber of simultancous conversationg that can (ake place, The
probability that & user may get blocked is called blecking probakbility.

All the swatching exchanges are designed to meet an cstimated maxdmum
average simullaneous traffic, vsually known as busy hour trafic. FPast
records of the telephone traffic indicate that even in & busy exchange, not
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more than 20-30 per cent of the subseribers are active at the same time,
Hence, switching systems are designed such that all the resources in a system
are breated as common resoureeés and the required resources are allocated to
a conversation as long as it lasts. The guantum of commaon resources is deter-
mingd based on the estimated busy howr traffic, When the fraffic exceeds the
limit Lo which the switching system is designed, a subscriber experiences
blocking. A good design generally ensures a low blocking probability.

The traffic in a telecommunication petwork is measured by an infer-
natinnally accepied uni of traffic inlensity known as edlang (E), named after
an illustrigus carly contribiEtor to traffic theory. A switching resource is said
i carry ong erlang of traffic if it & continuously occupied throughout a given
period of obacrvation, Teletraffic concepis are discussed in Chapter 8.

In & switching network, all the inlet/outlet connections may be used for
inlerexchange transmission. In such o case, the exchange does not support
{ocal subscribers and is called s transit exchonge. A switching network of this
kind is shown in Fig, 1.9(d) and is called a noofolded network. In a nonfolded
network with & inlets and & owilets, N simullzneous information (ransfers
are possible. Conzequently, for a nonfolded network 1o be nonblocking, the
network should suppart ¥ simultaneous swilching paths.

While the switching network provides the switching paths, o is the
conirod subsystem of the switching system that actually esiabliches the path,
The swiiching network does aot dislinguish beiween inleis/outleis that are
connected to the subscribers or to the trunks. 1t is the job of the control
subsystem (o distingwsh betwesn (hese hnes and interpret correctly the
signalling information recerved on these Imes. 0t senses the end of ialor-
mation transfer and releases connectionsg. & coanection 18 established, based
om the signalling information recetved on the inlet lines, The control sab-
syslem sends out signalling information to the subscriber and othker
cxchanpes connccted to the ovtgoing trunks. In addition, signailing is also
imvelved between different subsystcms within an exchange. The signalling
formais and requirements for the sabseriber, the trunks and the subsysicma
differ significantly. Accordingly, a switching system provides for three dif-
ferent forms of signalling:

1, Subscriber loog signalling

& Interexchange signalling

3. Intraexchangs or register sigraliing.

A switching system is composed of clements that perform switching,
contred and signalling functions. Figure 1.10 shows the different elements of
a switching system and their logical interconnections. The subscriber lines
pre terminaded at the subscriber line interface circuits, and trunks al the
trunk inferface circuits, There are some service lines vsed for maintenance
and lesting purposes. Juactor cireuits imply a olded connection for the local
subscribers and the service circuits, 1L is possible that some switchimg sysiems
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Fig, 1184 Elements of a switching system,

provide an imternal mechanism for local connections without using the
junctor circuits, Line scanning units sense and obtain signalling information
from the respective lines, Distributor units send out signalling information on
the respective lines, Operator conscle permits interaction with the switching
spatem for maintenance and administrative purposes. In some switching
sysiems, the control subsvaiem may be an infegral part of the switching
network isell, Such sysems are known as direct control switching systems,
Those systems in which the control subsystem iz putside the switching net-
work are known as conmon control switching sysiems, Strowger exchanges
are wsually direct control systems, whereas crosshar and electronic
cxchanges are common control systems, All stored program control systems
are common coatrel svatems, Common coeirol 5 also knpwn as indirect
control or register control,
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1.4 Manual Switching System

With the advent of automatic switching systcms, the manual exchanges have
almost gone out of use, Today, operator assistance is required on a rouling
basis, only to coanget the incoming call &t a private awtomatic branch
exchange (PABX) Lo the required extension numbers. Even this requirenient
will cease to exist with the large scale introduction of what is known as direct
imward dialling {DIDY) facility which is deseribed in Chapter 9. However, o
discussion of the organisation of manual sxchanges would help us 1o under-
stand many of the principles of a telecommunication switching system,

As discussed in Section 1.2, a microphosne requires to be energised in
arder to prodisce electrical signals corresponding to the speeck waveform. In
the very early switching systems the microphone was energised using a
battery at the subscriber end. Later, a baitery located at the exchange was
used. Accordingly, one may place (he early systems in (wo calegories:

# Local battery (LB) exchanges
# Central battery {CB) exchanges,

Inihe LB syatems, dry cells were used in subseriber sets o power the
microphone. These cells have imited power owtput and cannot be wsed for
signaliing over long lines to the exchange, Hence, LB subscriber sefs were
provided with a magneto generabor. In this case, a subscriber aecded 1o
rotate a handle to generate the required allernating current to operatc
indicators at the exchange. The wie of magneto generator led o the alter-
nalive nomenclature magoeto exchange for the LB systems, The necessily to
replace dry cells frequently and the cumbersome procedure of rotating the
maganeio goperator led to the development of CB exchanges, where a
subscriber sel s energised from s powerlul central battery at the exchange.

Almost all the present day telepbone exchanges are CB systems,
abthough it is nof inconceivable that future systems may resorl (o LE struc-
tures if low cost reliable power supplies for the subscriber premises become
avatlable, A simple CB system operated by a buman being 15 shown o
Fir. 1.11. The system consists of one or more switchboards manned by
operaiors. The subseriber lines are terminaled on jacks mounted on the
swilchboard, There i one jack for every subscriber line, Associated with
cach jack is a light ndicator o draw the attention of the operazor. When a
subacriber [ifis the hand set, the off-hook switch is closed, causing 3 current
1o flow through the kand set and the kinp relay coil. The lamp relay operates
and the indicator corresponding to the subscriber lights up. The operator
establizhes contact with the subscriber by connecting the head set to the
subscriber line via the headset key and a plug-ended cord pair. A plog-ended
cord pair has two cords that are conmecied internally and terminated with a
plug cach at the external ends. The plugs mare with the jacks. To establish
contact, a cord is plugged inlo the subscnber jack and the key corresponding
to the chosen cord is thrown in position 0 cornect the head set. Oa being
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Fig. 1.11 Manned central battery exchange.

told the number required by the subseriber, the oparstor verifies whether the
called party & lree, and if so, sends oul the ninging current 1o the called
subscriber using a plug-ended cord pair. The nnging circuit 3t the subscriber
end 15 usually a bell shown as B in Fig. 1.11, with a capacilor C, in series. They
remain connccied (o the circuil always, The capacitor allows the altcrnating
ringing currend from the exchange (o pass through the bell but prevents the
toop dircct current. I the called party is busy, the calling subscriber s told
about the same. When the called party answers, his indicator lamp lights up.
The operaior thewe establishes a connection between the calling and ihe
called party by plugging in the cord pair (o the called party jack. In & manual
switching system, the operator has full control of 2 connection. He enables
the signalling systems, performs swilching and releazes o connection after a
CORvVErsaton,

1f there ars 200 subscribers terminated on a switchboard, there canbe &
maximum of 100 simultanecus calls. In order to support all these calls, the
switchboard must contain 100 pleg-ended cord paizs. But a single operator
may nob be able to handls 1080 calls simultaneously. It 15, bowever, rarely that
all the subscribers would want 1o talk simulfaneously. Assuming that orky 20
subscribers (10 calls) will use the system simultaneoosly, the switchboard
nzeds 1o be provided with only 10 plug-ended cord pairs. What happens if
mior@ than 20 weers wani (o talk af the same time? The operator will not have
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plug-ended cords lor establishing the conpection and the users are blocked.
Users may also experience blocking, if the operator is not able te handle
more than a certain mumber of calls simultansously, even though free plug-
ended cord pairs are available. In geperal terms, we may say (hat & user
expericates blocking on account of the nonavailability of the switching
circuits or the control system circuits.

When the number of subseribers increases, multiple switchboards and
operators are required 1o handle the traffic, In this case, the subscriber
switchboards at the exchange may be of wo types:

¢ Single termination switchboards
* Multitermination switchboards,

The terms nonmultiple and multiple are sometimes used to denote single
iermination and multiierminstion schemes respectively. In the single termi-
mation scheme, a subscriber s terminated on only one board, whereas in the
muliitermination scheme, he is terminaled on more than one swilckboard, In
singic termination boands, subscribers are split into groups and connected 1o
dilferent switchboards. Each switchboard is handled by a separate operatar,
When a subscriber wishes 1o call another in the same group, the operator
concerned cstablishes the call. In order to enable a sabscriber Belonging (o
one group to call a subscriber in another group, transfer lines are provided
between the switchboards as shown in Fig, 1.12. The number of transfer lines
ia determined based on the esiimated intergroug tralfic, It may be noted that
an intergroup call reguires the services of two operators manning the two
respeclive grodps,

The maximum number of simuliancous calls withia a group is limited by
the number of plug-ended cord paies in the group or the oumber of simalia-

Monlocal connection

Group A Group B

~

L] L]
 #

h:é R

Transfer lines
Fig. L12 Simgle termination boards with transfer jacks,
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neous culls thal can be handled by the operator, whickever is smaller, The
mumber of simultancous calls between the groups is limited by the number
of transfer lines. Single termination systems suffer from the serious
disadvantage that as many operalors as there are switchboards are always
required irrespective of the peak or lean wraffic period, During lean traffic
period, the average mumber of simultancous calls is much less than that
during the peak traffic period. Nevertheless, there are Likely to be at least a
few intergroup calls. Every intergroup call requires two operators to
establish the call. Consequently, even a small sumber of intergroup calls
among the swilchboards demands that all boards be manned.

The need for two operators per call is avoided in the mullitermination
switchboard scheme, Here, every subscriber is terminated on all the switch-
boards &s shown in Fig, L13. Such an arrangement bas the advantage that a

Subscriber
lines

P
]
—

L L]

Fig. 1.13 Multitermination boards.

single operalor can establish a call between any two subscribers connected (o
the system, The number of operalors peeded on duty al any lime is now
determined by the number of simublaneous calls estimated during the period,
The system, however, has two drawbacks, Firstly, the total oumber of con-
pections in the system increases considerably, thereby reducing the reliability
of the system. Secondly, terminating all the subseribers in all the boards, such
that the ferminafions are casily accessible to the operators, poses buman
cogineering problems, The switchboard beight becomes large, and the
operator does not have easy access (o the numbers at the top of the board,
The problem is somewhat reduced by terminating halfl the number of sub-
seribers in alternate switchboards in a cyclic manner and lelting an operator
have access to onc-half of the adjacent boards on the left and right. The
scheme 1 illustrated in Fag.1.14 for two operator positions. Subscribers are
terminaicd on the boards as per the following order:
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. Right/left
Subscribor Mos. Operator board Ton botton
0-09 1 left-top
100-199 1 sighl top
=200 2 Lefi-top
30399 2 right-top
A0 1 Left-hottom
S0-559 1 right-bottom
B0 2 iefi-bottom
=TS9 2 right-botiom
I0=-399 0=99 ] 100=199] A0-2091300—399 | 0—99
TOO=T99 | 400—499 | 500599 | 600-699] TOD=799 | 400-499

|

},

Operator
pasition

'L— ll:lpemnr 1 access
J‘—ﬂpﬂatmim _.{

Fig: 1.14 A practical multitermination bowrd scheme with cyclic

assignment of numbers.

In addition, the numbers lerminated on the right half of operator 2 panel,
300=399 and TO0=T9, are terminated on the half-panel on the ket side of the
operator 1. Similarly, the aumbers terminated on the left hall of eperator 1
panel, -5 and 400-49%, are terminated on the hall-pancl on the right side
of the operator 2. Operator 1 gels access to numbers 300-399 and 700-799
from the left hand side hall-panel and to nembers 200-299 and 600-6%9 from
the half-pane! of the operator 2. Similarly, operator 2 gets access to numbers
10199 and 30055 from the left and to oumbers 0-99 and 400 —499 from
the righi, If may be agted that we require one unmanned balf-panel af cither
end of the switchboard row. Thus, in an B-operator awitchboard, there are

nine logical switckboards.

‘7{,

Operator 2
position
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As the number of subscribers increases, typicaily to a thousand or more,
manual switching becomes more and more difficult and a method of aoto-
matic switching, signalling and control is inevitable,

1.5 Major Telecommunication Networks

Telecommunication neiworks may be categorised gecording fo their
coverage of geographical arcas which have distinet iclecommunication
r¢quir¢mtnli Towns aind citics have high subecriber densitics and relatively
heavy traflic per subscriber. They are characterized by many local exchanges
and short distances between exchanges as well as subscribers. Nefworks
which are designed taking these Factors into account are known as uwrban oo
melrapolitan networks, Rural areas are characierised by low subscriber
denzities, widely dispersed subscribers, lighter traffic per subscriber, just one
or two local exchanges wsually far apart, long distances between subscribers
and exchanges, and leas conducive eavironmental conditions and inadequate
infrastructural facilities. These areas are scrved by rural networks. Long
distance or toll or wide area nebworks acl as backbone networks inter-
connecting metropolitan and rural networks. They support mtracountry,
inlercountry and intercontinental communicalions, Loag distances {a few
hundred to a few thousand kilometres) involved in such netwerks eall for
special consideration in the design of interexchange transmission and signal-
ling systems. In the context of telephone networks, urban and rural networks
are sometimes feferred to ag local nerworks. But in the pontesd of data
aetworks, the term Iocal setwork refers o a neiwork within 2 buildiag or a
campus,

The most stupendous telecommunication network n exstence is the
public switched telephone network (PETN} or sometimes known as plain old
telephone system (POTS). There are over 400 million telephones in the
world and the length of wiring in the telephone network iz estimated o be
ovar 12 tmes the distance between the earth and the sun, The growth rate of
the telecommunication industry is nest onlby (o that of the computer industey,
But the growth value in abeolute terms far exceeds that of the laltzr, The
present trends seem lo indicaie that the growth rote may even surpass that of
the computer industry in the 9s,

Telecommunicalion industry s baoth in the private and povernment or
public sector. It is largely privatised in the United States where there are
about 1600 privately owned iclephone companies, In most of the oiher
countries, the goverament has a eomplete monopaly over all forms of com-
munications ncluding mail, telegraph and telephone. Companies in the
United States that provide communication services to the public are known
s comman carriers. In countries where the telecommunication avthority is
a nationalized company or a department of the government, it is usnally
knowm as the post, telegraph and telephone (FTT) administration, In India,
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a single posernment department known as Posts and Telegraphs (P&T)
depariment dealt with mail, relegraph and telephone commumications wnitl
the end of 1984, With effece from Tanuary 1985, the responsibahey was divided
berween wo depanmments: the Department of Posts dealing with mail and
the Departmeent of Telecommunteations (DOT) dealing with telzphone,
telegraph and datas commmnications.

With o nwmber of different agencies involved in providing tele-
comnmunication services, there is clearly a meed to ensare compatikility on a
waorklwide scale o 2nable wternetworking. This coordination is provided by
the Imternacional Telecommnnications Union (1T, an agency ofthe U mied
Mations. [TU has thres main growps, one of which deals with elephons and
data communications. Thiz group is known by the French name: Comité
Consnltanf Internatonale de TERgraphigue et TéEléphonigue (CCITT), Le.
International Consulizeive Commitiee for Telegraph and Telephones. Five
classes of members, &, B, C, D, and E constitnie the CCITT. A description
of the members betanging to different classes is presented in Table 1.1 Only
class A members have voting rights. Since there i3 no PTT in the United
States, the State Department represents the U5, povernment a5 class A
member. o CCITT erminalogy, a public elephone neiwork is referred (o as
general switchad telephone network (GSTH). In thiz text, we mostly nse the
popular term, PSTN: but when discossing standards, we gee the CCITT term,
GSTH.

Tahle 1.1 CCITT Members

Class Members
A Mzoomal PTTs
B Recogmsad privabe administrations
C Scientific and industrial erganisations
D Orther international crganisationg
B Crrganizations whose primary function is in fields othee

thasn telecommumiciations, bt have an mberest in COITT
activiries.

Diata nevworks form the second major class of telecommunication net-
works. They are of recent origin (30=35 years old) and have emerged as &
result of commg topether of compuier and communication technologies.
Thess networks enable sharing of hardware, software and data rescurces of
computer systems, As a result, they have come te be known a5 compober
networks. Early nerworks imerconnecied compuater systems of the same
tamily, The network project, ARPANET, supported by the Advanced
Research Projecis Agency of the Department of Defence, United Stales, i3
one of the plopeering effaris in interconnecting heterogensous systems. In
some sznss, the ARPANET demaonstrated the feamibility of data/computer
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netwarks, TYMNET is another lasge scale, general purpose dats network
introduced im 1970, interconnecting geographically distriboted compoier
gyslems, uzers and peripharals,

Prompied by the developmenis in ARPANET and TYMNKET, leading
compuier vendors announced propriclary architectures for interconneciing
their awn computer systems, These include IBM's System Metwark Archi-
tecturs (SMA) and Digital Equipment Corporation”™s Diguiad Network Archi.
tecivre (DAY By 1980, the enormous value of computer communicalbion
nelworks became abvious, particularly among resacarch communitics and
special interest wser groups. The developers of Unix operaling system
guickly realised the advantages of serworking and wrote a simple program
called moep {(Uni-to-Unix Copy} for cxchanging files and electronic mail
among Unix machines, Two networks, UUNET {Unix Users’ Network) and
USENET have evolved based on ouep communication proeram, In addition
to file transfer and electronic mail, USENET sopports o service called
netnews, which essentially provides a bulletin board on which any wser may
post & motics of news item 1o be seen by all other users of the network.

In the zeademic circle, the compuler science community in the United
States selup a network with the help of the Mational Science Foundation 1o
serve all the computer seience departments of the US. Unversitics, This
network, known as CSNET, uses the transmizssion Facilities ol oiher networks
but provides & uniform user fevel interface. Ancther academic nelwork
started by the Gty Universaty of Mew York and Yale University, known as
BITHET (Because It's Time Metwork) aims to scrve all the departnicnts of
the universitics, BITNET has now spread (o o large number of sites and
spans Morth America, Europe, Japan and Australia. In Europe, it is called
Eu:up-o::an Academiie Research Nerwiork I:'E&RN']. I the Ulnared Hingdum.
there is a separate neiwork known as Joint Academic Metwork (JANET)
covering most of the wnverdities and research laboratosies.

Asin the case of relephone networks, i3 apparenl thal vanous apencies
are involved in setting up and operating dats netoworks and that there iz a
need for worldwide standards to enable dats netwarks 1o mlerwvork, Apard
from CCITT, sigmficant contrnbations to data neiwork standards kave come
fram the Enternational Standards Organisstion (1500 which 15 a voluntary,
nontrealy organisabion, Mational standasds organsanons, Like American
Mational Standards Institute (ANSD), Brtsh Standoards Instiution (B33,
Agsociation Francaisg de Mormalization (AFNOR), Deotsches Trstitwt e
Mormalische (DN} and Boreaw of Indian Siandards (BIS) are members of
IS0, The Tnstitnie of Electrical and Elecironic I".ngin cers i TEEE]), 1k |;-|:rg|.;.5|
professional organisation in the world also plays a major role in evolving daia
network standards Figure 115 presents the organisational structure of the
different ageneies iwolved in the coordination of telecommunication net-
work activities,

Integrated services digital network (ISDN) is now cmerging a5 3 major
telecommunication network, ISDM is envizaged as a siogle common net-
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work capable of carrying multimedia services like woice, data, video and
facsimile. The key to ISDN is the digitalisation of services, transmission,
switching and signalling. The digital domain acts a5 2 common substratum lor
all current and future services. Once digitised, all signals, voice or nonvoice,
look alike and a single digital network with adequate speed and sigraliing
capabilities can support a wide range of services, However, mecting o varisty
of speed and signalling requirements is aof easy, This is where the compulers
come in handy and the ISDN uses them extensively.

Recognising that the telephone actwork is the primary and extensive
international communication infrastructure available today, ISDN is con-
ceived to be a redesign of the existiag telephone network to provide
end-to-end digital conmectivity. Obviously, the redesiga connot take place
overnight and the ISDM will have (o take an evolutionary path. At present,
digial conmectivity has been extended to user premises only in sorme parts of
w few countries, Thus, ISDN will kave 1o coexist with the present analog
telephone network lor some years to come, Al these imply that the standards
for ISDN must emerge well before its implementation. This aspect has been
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recogrised by CCITT and the iz set of key [SDN recommendations were
approved in 1984 and further relined in 1985, Unlike (elepkoac and daga
networks, one may expect & fairly organised and structured growih ia the
case of ISDN, with CCITT sperarheading the coordination,

Ferhaps, ISDN is the single most important example of the contribution
of computer techaclogy (o telccommunications and il may become the most
important development a5 a cesult of the ‘communion” of the computer and
communication technologics. The large scale use of computers in ISDN is
leading to the concept of intelligent networks which are preprogrammed
ta be adaptive, algorithmic, resourceful, responsive and inlelligent. As an
example of the possible capehilities of such intellipent networks, one may cite
real time machine translation, A elephone enaversation originating in Japa-
nese may be heard im English ot the receiver end and vice versa. A telex sent
in Hindi in Delhi may be delivered in Kannads in Bangalore, Such examples,
althkoagh somewhat far feiched now, may become a reality in the 2150 century.

Telecommunicalion networks have been evedving in the Last 150 vesrs
and would continue to evolve to provide wider services in 8 more coaveniont
form in the coming century, The emerging information sociely depends
heavily on the developments in the Held of telecommunications, It iz esti-
mated that millions of doflars wil! be iavested by many conntries during the
acxt pwo decades or so in improving (he felecommunication facilitics. We
scem ta be entering an era of ‘sophisticated’ lelecommunications,
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EXERCISES

1. A Telly eoanecied netwark BUpPpHOCLS Tull du'|'.||-r,::|! commuunicaiion l.u.ing
unidirectional links. Show that the total number of links in such a
network with n nodes, is given by 2 w0 ",
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16,

Friroduciion

How are swilching systems classified? In whal way & stored program
control superior to hard-wired control?

Estimate the bandwidth requirements of & single satellite that is to
support 20 million telephone conversations simultansously.

An clectrical communication system uses a channel that has 20 dB loss.
Ex{imale the received power, if the transmitted power is one walf,

If the signal input to an amplifier is 0 dBm, what is the power output in
mW if the gain of the amplifier 15 20 dB?

Tke channel interfaces in a poini-te-poinl commusication sysiem
sttenuate the signal by 3 dB cach. The channel has a loss of 30 dB. If the
received signal is (o be amphified such that the overall loss is mited 1o
20 B, estimaie the amplifier gain.

If the nose power in a channel is 0.1 dBm and the signal power 15 10 mW,
what is the (54 ratio?

Whai s the significance of {5/%) ratio betng -3 dB?

Faor a carbon granule microphone, determine a suitable value Tor s, iF
the contribution from each of the higher order terms is to be less than
0.01 Ia,

Whai s the mportance of a steady current Aowing through & carbon
microphone? 15 the harmonic distorlion affecied by a change in (]
energsing curreni?

Why iz it secessary (o keep the magnetic diaphrage in an carphone
displaced from its unstressed position? How is this achieved?

What happens if the ratio ¢/gy is not very small in the case ol an
carphone?

What i the significance of sidetone in a telepbone conversation?

I the circuit of Fig.1.8, it is destred that 10 per cent of the microphone
signal is heard as sidetons. 5 the number of torns. in the codl P is 200,
derermine the sumber of turns in the coil @ and the secondary winding
ini the carphone circuit. Assume that Z» is exactly matched to the line
impedance on the exchangs side.

In & 103-line folded network, how many switching elements are required
for nonblocking operation?

A 1000-line exchange i partly folded and partly nonfolded, Fory per
cent of the subseribers are active during peak howr. If the ratio of local
to external iraffic is 411, estimate the number of irunk Bnes required,
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17, A central battery exchange 15 powered with a 48 V battery, The carbon
microphone requires 3 mioimum of 24 mA as energising corrent. The
batiery has a 400 £2 resistance in series for shorl cirewit profection. The
d.c. resistance of the microphoae is 50 582 If the cable wsed for sub-
seriber lines allers 2 resstance of 50 Q%km, determine the mastomum
distance at which a subacnber station can be localed.

18, A manwal seitchbozrd system peeds to support 90 subscribers,
sumbered 100 —999, Average peak hour braffic 12 250 calls, 130 of which
are within the pumber range 400 — 699, 20 of them are between (his range
and other range of numbers snd the remaining are sniformly distributed
in the other number ranges. The average lean traffie is 60 calls, of which
no call is originated/destined {rom/to the number range 400 =609 but
uniformly distribated otherwise, An operator & capable of bandling 30
simultanecus calls. Suggesl a suitable mameal switchboard system design
that minimises the total number of terminations at the switchboards and
employ the minimum sumber of operators, Estimate the mumber of
erminations in vour design,
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Strowger Switching Systems

Strowger switching system was Lhe first aulomatic switching system
developed by Almoa B, Strowger in 1889, The story goes that Strowger was
an usdertaker whose business seemed (o have suffered on account of a
telephone operator io a manual exchange. When subscribers rang up the
opcrator and asked for an underaker, she always connected them fo her own
hushand who was also an undertaker and a competitor to AB. Strowger.
Anncyed al the amount of business he was losing this way, Strowger decided
to make & switching system that would replace the buman operator. The
switch developed by him is named after him, Functionally, the system is
classified as step-by-step switching system as the coaneciions are established
io a step-by-step manner,

Automatic switching syitems have a number of advantages over the
manual cxchanges. A few important ones are;

» Inamanual exchange, the subscriber needs to communicate with the
cperator and a common language becomes an important Tactos. In
multilingual sreas this aspect may pose problems, Ou the other
hand, the operation of an sutomatic exchange is language inde-
perdent.

s A greater dogree of privacy is obtained in automatic exchanges as no
operator is nprmally involved in setting up and monitoring a call,

& Establishment and release of calls are faster in automatic exchanges,
It is mot unusual in a manval exchange, for an operator to take quite
& few minuies 1o notice the end of a conversation and release the
circuits. This could be very annoying particularly (o the business
subscribers who may like (0 make a number of calls in quick suc-
cession,

* [aanaotomatic exchange, the time required 1o establish and release
a call remains moce or loss of the same order irrespective of the load
on the system or the time of the day, In a manual system, this may
niol be true,
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2.1 Rotary Dial Telephone

In manual exchanges, a calling subscriber may communicats the identity of
the called subscriter in 2 natural and informal langusge to the operator. For
example, a called subscriber may be identified by his name or profession or
designation. In an sutomatic exchange, informal communication 1s oot pos-
gible and a formal mumbering plan or addressing scheme s reguired to
idennify the subscribers, Numbering plaa, in which a subscriter i identified
by a number, s more widely used than addressing scheme in which a sub-
scriber is identified by alphanumeric strings. A mechanism to transmil the
identity of the called subscriber (o the exchange 5 now required at the
telephone sel, Two methods are prevalent for this purpose:

& Pulse dialling
e Multifrequency dialling,

Mullifrequency dialling is discusced in Section 3.2, Pulse dialling origi-
nated in 1595 and 1z used extensively even today, In this form of dialling, a
train of pulaes is wsed to represent & digit in the subscriber number, The
anumber of pulses in 4 train is equal to the digit value it represents exceplt in
the cose of zero which 15 represented by 10 pulses, Successive digits in a
number are represented by a series of pulse trains, Two successive rains arc
distinguished from one ansther by a pause in between them, known as the
interdigit gap, The pulses arc generated by alternately breaking and making
the loop circust between the subscriber and the exchange, The pulsing pat-
tern is shown in Fig, 2.1 for digits thres and two, The pulse rate i3 usually 10

0L.33T

67T

A%:Tu.a// ¥ Interdigit gap —46— Digis 2—
| ] | L]
.

N

Break
Fig. 2.1 Pulse ;Eiql”ng.

pulses per second with a 10 per cent tolerance. The interdigit gap is ot least
200 ms although in some designs the minimum gap requircmest may be as
much as 400 =500 ms. In some modern elecironic aod crossbar exchanges,
there eonsts an wpper limit for the iMerdimt gap (sce Section 4.1). The duty
ratio of the pulie iz 33 per cont nominally,

Inintrodecing dial pulsing mechanism in the telephone set, the following
points have to be considered:
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1. Since the pulses are produeced by make and break of the suhscriber
loop, there is likelibood of sparking inside the telephone instrument,

2 The transmittor, receiver and the bell circunts of the telephone set may
be damaged if the dialling pulses are passed through them.

3. The dialling habits of the users vary wadely and hepce all timing
aspects shoukd be independent of user action,

A rolary dial telephone wses the following for implementing pulse

dialling:

# Finger plate and spring

# Shaft, gear and pinion wheel

» Pawl and ratchet mechanizn

* [mpulsing cam and soppressor cam of a lrigger mechaniza

# [mpulsing contact

# Centrifogal goversos and worm geas

* Tramamitfer, receiver zad bell by-pass cireuits,

The arrangement of (ke linger plate is shown in Fig. 2.2a), The dial is
operated by placing a finger in the hole appropriate (o the dimt to be dialled,
drawing the finger plate round in the clockwise direction to the hieger stop
positon and letiing the dial free by withdrawing the finger. The Gnger plate
and the associated mechanism mow refurn Lo the rest position wnder the
influence of a spring. The dial pulses are produced dunog the return fravel
of the finger plate, thus climinating the human element in pulse timings.

A rotary dial telephone is classified either as cam type or rigger type
depending on whether 2 cam mechanism or a rigger mechanizm is used for
operating the impulsing contact, The general operating principle of bath the
types is the same and we explain the operation by considering the cam type.
The infernal mechanical arrangement of a rotary dial telephoae i shown in
Fig. 2.2{b). When the dial is in the rest position, the mpulsing contacts are
ket away from the mpulking cam by the suppressor cami, When the dial is
displaced from ils rest posation, 1 i said ta be in off-normal position. In (s
poaition, the impalsing contacts come near the impulsing cam, The rotation
of the finger plate cavses the rotation of the main shafl, The pawl slips over
the ratchet during clockwise sotation. The ratchet, gear wheel, pnion wheel
and the governor are all stationary during the clockwise movement of the
dial. When the disl returns, the paw] engages and rotates the ratchet. The
gear wheel, pinion wheel and the governor all rotate. The goveraor helps to
maintain & uniform speed of rotation. The mapulsing cam which 15 attached
L a pinion shafl now breake and makes the impulsing contacts whicl in turn
causes the pulsss in the crcuil. The shape of the impulsing cam i such that
the break and make perinds are in the ratio of 21, When the dial 15 about to
reach the rest position, the suppressor cam moves the impalsing coatacts
away from the impulsing cam, This action provides the required interdigi
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gap timing independent of the pase that may occur between two successive
digits, dae 1o human dialling habit, Suppressor cam may also be designed

[3ial holes

R

Finger stop

(b} Impulsing mechanism

G = governg GW = gear whizel IC = impl,ll.EiI.'IE m

ICO = impulsing contact. M35 = main shafi F = pawl

PW = pinwon wheel B = rachei SC = suppressor cam
W o= worm gear

Fig. 2.2 Raotary dial telephone poris and mechanisen,
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such that the mterdigit pause is provided prior to the commencement of the
first pulse of a digit.

The trigger dial i3 an improvement over the cam dinl, The precision of
operation in the cam dial is affected by the wear and tear of the cam clements
and other friction members in the mechanism, The trigger dial design
eliminates friction members and helps Lo achicve

¢ more uniform impulse ratio,

# larger interdigit pause, and
* better stabilitation of the return speed of the dial,

The trigger mechanism is so arranged that the trigger is sprung away
from the impulse contacts during the clockwise motion of the dial, thus
preventing pulsing al this stage. The trigger 15 sprong back Lo the operative
position during the initial return motion of the dial and thereafier operates
the pulse contacts. The time required to bring back the trigger to operative
position provides the interdigit gap which is about 240 ms,

The impulsing circuit of the rotary dial telephone is shown in Fig, 2.3,
When the subscriber lifts his handset (off-hook), the d.c. loop between the

E

k.4 % Fa BP;
1 _'1?1 R C
‘ % i

Ring

1CO
B = bl BP = by-passswitch ICO = impulsing cosfact
Fig. 2.3 Impulsing circuit of & rofary dial telephone.

exchange and the subscriber is closed and a steady current Sows through the
loep. The impulsing contact {100, which 15 normally closed, is in series with
the dc. loop, When operated by the cam or the trigger, it breaks and makes
the circuit. Figure 2.3 shows two by-pass switches BF; and BF; These
switches close as soon as the dial is moved from its rest position and honee
are known as dial-off-rormal contactz, “he switch BF; bypasses the micro-
phone M, the carphone E, and the bell B, during pulsing, The switch BPy
provides a local BC loop with ICO for quenching the spark that is produced
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when the circult is broken. In the absence of BPy, the sparking voltage
developed across 100 may affect adversely the other circuits in the tele-
phone =2t Once the dialling is complete, the dial is in the rest position, BF
and BPs arc open, and the impulsing contact = closed. Thus the transmilter
and the receiver are ready for speech conversation. The two wires coanecting
the telephone to the exchange are known as ring and tip. The central battery
voltage of — 48V & connected throwgh a relay to the ring lead and the tip lead
is grounded. Ring lead is wed o receive signals from the far end and the tip
lead is used to transmit the signal.

2.2 Signalling Tones

As discussed in Section 1.4, a number of signalling functions are involved in
establishing, maintaining and releasing a telephone conversation, These
functions are performed by an operator in a manwal exchange, In automatic
switching systems, the verbal signalling of the operator is replaced by a series
of distinetive tones, Five subscriber related signalling funclions are per-
formed by the aperatons

1. Reapond to the calling subseriber to oblain the identification of the
called party.

2. Inform the calling subscriber that the call is being cstablished.
3. Riag the bell of the called party.
4. Iuform the calling subscriber, if the called party is busy,

5. Inform the calling subseriber, of the called party line s unobfainable
for same reasoa.

Distinctive signalling tones are provided in all automatic switcling sys-
tems for fuactions 1, 3, 4 and 5, A signalling tone for function 2 is usually not
available in Strowger exchanges, However, most of the modern exchanges
provide a call-in-progress or routing tone for function 2. Although altempts
have been made to standardise the tones for various signals, many variations
are in vogue in different parts of the world and even in different paris of the
seme country. Variations are mainly due to different capabilities and fechng-
logies of the swilching syatems used

The signalling fuvction 1 above s fulfilled by sending & dial tone to the
calling subscriber, This tone indicates that the cxchange is ready 10 accept
dialled digits from the subscriber. The subscriber should start dialling only
after hearing the dial tone, Otherwize, initial dial pulses may be missed by the
exchange which may result in the call landing on 2 wrong number, Most
often, the dial tone & send oul by the exchange even before the handset is
brought near the car. Sometimes, bowever, a few seconds may elapse before
the dial tone s keard. This happers particularly ia common cosnteol
exchanges which use shared resources for user inferfaces, The dial tone is
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Fig. 24 Signalling tones io automalic exchanges,
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33 Hz or 30 Hz or 400 He continwous tone &5 shown in Fig, Z40a), The 400 He
signal s wsually modulated with 25 He or 50 He,

When the called party line is obfained, the cxchange control equipement
sends gut the rioging current to the telephene set of the called party. This
ringing current has the familiar double-ring pattern. Simullancously, the
conirol cquipment sends out a Finging lene Lo the calling subscriber, which
bas a pattern similar 1o that of the ringing current as shown in Fig, 24{b}. The
o rings in the double-ring pattern are separated by a time gap of 0.2 5 and
two daublz-ring patterns by & pap of 2 £ The ring burt has 3 duration of 0.4 5,
The frequency of the ringing tone is 133 Hz or 400 Hz, somctimes modulated
wilh 25 Hz or 33 Hz Itmay be noted that the ringmg current and the ringing
tone are two independent guantitics. This cxplains one of the common faalt
symptoms whire @ calling subseriber Bears the ringing tone whereas no ring
15 heard al the called subseriber cnsd,

Busy tone paitern is shown in Fig, 2.4(c). It & a bursty 200 Hz signal wath
silence period in berween, The burst asd silence durstions have the same
value of 0755 or 03755 A busy tone s senl 1o the calling subscriber
whenever the switching cquipment or junction ling is not available to put
through the call or the called subscriber line i engaged. No distinction is
made between these conditions, It is not peesible for a calling subscriber to
conclwde on the basis of the busy tone that the called pacty was actually
engaged in a conversation. While it is technically feasibie to introduce diffe-
rent busy tones for different conditions, this would only, perhaps, confuss the
subacriber, and aot serve any wselul purpose.

Figure 2.4(d) shows the number nuobininehie tone which is a contimions
400 Hz signal. This tone may be senl to the calling subscriber due to s vanety
of reasons such a5 the called party ling is our of order o disconnected, and
an error in dialling leading to the selection of a spare line, In some exchanges
the number unobtainable tone s 400 Hz intcrmitient with 2.5 = on period and
0.5 2 off pedod.

The routing tone or call-in-progress tone ks a 400 Hz or 300 Hz inter-
mittent pattern, In electromechanical systems, 1t is usually 200 He with 30 per
ceat duty ratio and 0.5 s on/off period. In apalog clectronic exchanges i is a
400 Hz pattern with 0,5 s on period and 2.5 5 off period, In digital exchanges,
il has 03 s onnfoff penods at 400 He. When a subseriber call is routed through
a number of dillarent Iypis of uxﬂ:hangﬂx, one heors different call-in-
progress tones as the call progresses through different exchanges.
Figure Z.4(¢) shows a routing loae patiern,

Regular users of lelepbone 10 a particular arca have liitle difficuliy in
recognising sagnalling vones, It is sot wnasaal that a subseribar in s new arca
where Irequencies or timings of the tones are different from those in his own
arca, conlfuses signalling tonzs, In order to overcome this problem, recorded
voices thal announce messages like “number engaged” or “busy” are uscd in
some modern exchanges, Yolce announcement, however, poses problems in
multilingual areas,
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2.3 Strowger Swiiching Components

In the Strowger sysiem, there are two types of seleciors which form the
building blocks for the switching system:

& Unaselecior
& Two-motion selector.

These selectors are constructed using electromechanical rotary
switches, The drive mechsnism of a rolary swilch is skown in Fig. 2.5(z).

Armature

Eleciromag

Baichet wheal

Comtacis
{a) Drive mechanism of a rotary switch

l— 11—
—
J -~
] a
L] L
H — 10—

{b)  Schematic representation of uniselectors

Fig. 2.5 Unisclectors.
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Whenever the electromagnet is energised, the srmature is attracied 1o 08 and
the pawl falls one position below the present tooth position. The ratchet
wheel, however, does not move and 15 held in position by the detent, When
ithe clectromagned is de-energised, the armature is released and returns Lo its
rest position due to the restoring action of the spring. During this reverse
motion of the armature, the pawl moves the ratched wheel one posilion up
where it is beld i position by the detent. The clearance between the arma-
ture and the electromagnet s such that during the forward movemient of the
armature the pawl slips over the raichet exactly by one position. As the
ralchet wheel rotates up by one position, the wiper moves across one contact
position i the direction indicated, Thus, if the clectromagnet is energiscd
and de-enerpised five imes by appiving five pulses, the wiper moves by five
contacls. The mechanisny shown in Fig. 2.50a) i known as reverse drive type
as the ralchet wheel moves when the armafurs refurns Lo its rest position, Tt
is possible to arrange the mechanism in such a way that the wheel moves
during the forward motion of the armature m which case it i known as
forward drive tvpe. Reverse drive type s generally used in uniselectors and
the Torward drive Lype in Pwo-modion seleclors.

A uniszlector 15 one which has a single rolary swilch with 5 bank of
coatacts. Typically, there are four banks of which three are used for switching
amdd the fourth one 15 used Tor boming, The three switching banks have 25 or
11 contacts cack. The first contact in each bank is known as the home contact
amd the remaining as switching contacis. The homing bank has only tao
contacls: one @t the firsd position corresponding fo the kome contacts of the
other banks and the other extending as an arc from the second position 1o the
last position. This arc contact is often referred to as the homing arc, Depend-
ing upon the number of switching confacts, uniselectiors are identificd as
10-outlet or 24-putlet uniseleciors. Figure 2.5(b) shows a schematic repre-
wentation of wnselectors,

The wipers associated with the banks of a unisclector, onz for cach bank,
arg eigdly mounted (o a wiper assembly which moves wheaever the ratchel
wheel rotales, As & consequence, all the wipers move simultaneously and
there is no relative motion amongst them, All wipers lie s the same verticsl
plane such that cach wiper touches (he same corresponding bank contact at
any inafant, There s an interrupt comtact associated with the uniselecton.
This contact remains closed normally and opens whenever the armature s
close to the end of its foeward movement. It breaks the armature cnorgising
circuil 1o enable the armature (o refurn (o s rest position, I may be noted
that if the drive circuit is permanently encrgised, (be selector will step
contingously owing (o the constant breaking and making of the interrupier
conbach,

The proper functioning of a uniselector s dependent on 8 number of
Faciors:

¢ Encreising current jevel
# lneriia of the moving system
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# Friction between wipert and bank contacts
# Friction in drive assembly

# Tension in restoring springs

¢ Adjustment of interrupler contacts.

To dlastrate the importance of these factors for proper functioning, let
us consider the adjustment of interrupter conlacts as an example, The inter-
rupt:r contacts must be adjusted so that they open ard clese at the correct
mstanis in the stroke of the armature. Il they open ton soon, the armature
may fail to complete its stroke and the pawl may not engage the next ratchet
toath, On the other kand, if they close too acon during the return of the
armature, the reverse movement is affected and the stepping of the wiper
asscmbly becomes uncertain, Wear and tear of the selector paris affect the
proper lupclioning adverzely and as a resuli, the selectors require frequest
attention for maintenance.

A wo-molion selector is capable of horizontal as well as vertical siep-
ping movement. It has two rotary switches, one providing vertical modion for
the wiper assembly, and the other providing horizontal movement for the
wipers. Many authors use the term “rolary switch® (o mean the switch that
causes horizontal movements of the wipers. In this text, the term rotary
switch 15 mwed n & generic sense to imply a pawl and ratchet arrangement
irrespective of whether such an arrangement is being uacd to cause vertical
or horizontal motion. The horizontal movement rotary switch of a two-
motion selector 'has an interrupter contact as in the case of wniscloctor.
Mormally, there are 11 verfical positions and 11 borizonial contacis in each
vertical position. The lowest vertical position and the first horizontal contact
io each vertical level are bomte positions, and the remaining owes are the
actusl switching positions. Thus, the wiper in & (wo-motion selector has
access o 100 switching contacts. Access to any particular contact is obigined
by moving Ihe wiper assembly vertically to the required level and then
rolating the wipess (o the desired comtact at that kevel. The arrangement is
shown in Fig. 2.6 (a). At cach level there are three or [our banks of contacis,
Depending upon the number of banks, a two-motion selector s somelimes
known a5 a 330-point or $40-point selector. For homing the wiper assembly,
it i driven beyond the 11th contact position by the horizental rotary magnet
and its interrupler confact. The wiper assembly then falls vertically to the
home level and returns 1o the horizontal home position under the influence
of a restoring spring. In some designs, a third magnet, known as release
mugoet is used for homing, A sel of off-pormal contacts are operated by the
first vertical and horizontal movements of the wipers and they remain
operated unbil the wiper assembiv returns 1o home position. Figure 2.6{b)
shows a schematic representation of a two-motion selector.

The vertical and horizontal motions in a two-molion selecior may be
effected directly by wsing two impulse trains from subscriber dialling. The
first impulse train corresponding to the first digit operates the vertical mag-
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™

(n) Two-motion selector arrangement

Ll

(bl Schemalic represeniation
Fig. 2.6 Two-motion selectors,

nel and the second impulse train drives the horizoatal retary switch, In such
a case, il follows that the bank contacts are so numbered as Lo correspond (o
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the digits necessary (o reach cach contact. The numbering of a standard
100-contact bank is shown in Table 2.1, 1t may be aoted thar the lowest
vertical bevel commences with 11 and ends with 10, whilst the (enth level
commences with (1 and ends with (0. This is duc (o the fact that digat zero
produces 10 pulses when dialled,

Table 21 Numbering Scheme for Two-Motion Sclector Contacts

Contacks

Level 1 2 3 4 5 6 71 & 9 10
10 ol 0r 03 4 05 06 0T D08 09 00
g 01 92 91 G4 05 05 97 GRG0 0f
B a1 B2 @3 ®4 RS #H6 AT HE 29 BD
7 m BB MO BT MW MW
f 6l 62 A A4 BS  BR 6T AR 69 6O
3 51 & 53 0S4 55 S6 57T S8 5% 50
4 41 42 43 84 45 46 47T 48 49 4D
3 31 2 B M 5 % 37 B W W
2 I T, T T T - T
1 moo1z 13 14 15 1 1T 18 19 10

2.4 Step-by-Step Switching

A step-by-step switching system may be constructed using unisclectors or
two-mation sclectors or a combination of both, The wiper contacts of these
selectors move in direet response (o dial pulses or other sigrals like off-hook
from the subscriber telephone, The wiper steps forward by one contact al a
time and moves by as many contacts (lakes as many steps) a5 the number of
dial pulses received or as required to satisfy certain signalling conditions,
Hence the name “step-by-step switching”™ is given (o this method. Most of the
nocessary conlrol circuits are builf in as an integral part of the sclectors, thus
enabling them to receive and reapoad to uscr sigralling directly, The relevant
signalling (ones are sent oud 1o the subscriber by the switching elements
(selectors) at the appropriate stages of switching. Thus, a step-by-step
swilching system is a direct control sysiem.

A step-by-atep switching system has three major parts as shown in
Fig. 2.7. The line equipment part consists of selector hunters or line fnders
and the other two paris consist of sclectors. The selector hunters and line
finders represent two flundamental ways in which s subscriber gaing access (o
common switching resources. As the name implies, a selector hunter
searches and seizes & selector from the switching matrix part. There is coe
selector hunter for each subscriber, Usually, 24-outlel uniselectors are uzed
as selector hunters, The selector huster ccheme is sometimes called
subscriber unisslector scheme as there 15 o dedicaled uniselectior for each
subscriber in the system, Line Gnders are associafed with the first set of
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Fig. 2.7 Configuration of a step-by-siep swiiching sysiem,

selectors in the switching matrix part aed there is one line finder for cach
selector in the set, As the namie implies, a ling finder searches and fnds the
line of & subscriber to be connected to Lhe first selector associated with it
Line finders are bml using uniselectors or two-motion selectoss. The ling
cquipment part is also known as preselector stage. The sclector bunters and
line finders are geserically referred 1o as preseleciors,

The swilching matrix parl consisls of one or more sels of (wo-molion
selectors known as first group selecior, second group selecior, and 50 om,
The larger the exchange size, the larger is the aumber of group selector
slages. The connector parl comprises one el of two-malion seleciors knoan
as final selectors, In small Strowger exchanges, all the parts may not exsl
Configurations for different capacity exchanges are discussed in Sections
2.6-2.7T.

The selector bunter and lipe Gnder schemes are ilustrated in the trunk-
ing dizgrams shown in Fig. 2.8 In sclector hunter based approach, when a
subsciber Lifis his hand sct, the interrupter mechanism in his sclector bonter
iels activated and the wiper steps until a free frst group sclector is founa o
the outlet, The status of the frst group sclector, frec or busy, s known by a
signal in one of the bank contacts of the selector hunter, Once a free first
sclector is sensed, the inferrupter i3 disabled and the first selector is marked
"busy', Then, the first selecior sends out a dial tone (o the subscriber via (he
sclector khunter which simply provides an electrical path, The first selector is
o r!.'!djr Lo receive Lhe dill]in; |1u].-|.:: lroam the subseriber. 11 & pd'n.sihll.:
that two selector hunters land on the same free first selector simultaneously
and artempl bo seize it Thes is resolved by 3 anitable seizure cireui.

In the case of fine fnder based approach, the off-book signal is sensed
by all the line Maders. Then the interrapter mechanism of one of the finders,
whoae associated first selector = free, gets activated and the bine finder wiper
steps until it reaches the contact on to which the subzscriber is terminated. On
finding the lne, the concerned first selector sends out the dial tone to the
subscriber in readiness 1o receive the dial pulses, The selection of one of the

-
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line finders out of many frec line finders, is achieved by means of an altotter
swilch in the start circuil of the line finder as shown in Fig. 2.8 {b). The circuit
arrangements are sach that the wiper of the allotter switch normally stands
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(b) Line finder based access
F5 = first selectar  LF = line finder  8H = selector huater

Fig. 28 Subscriber access wo Strowger switching system.
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on & contact coanecied 1o & free line finder and the figst selecior. When a
subscriber lifts his recever, the start sigoal from his relay 15 passed to the
parficular line Gnders via the common start circuit and the allotier switch,
The line finder then commences to hant for the calling line. As soon as the
calling ling is found, the allotier switch steps fo the nest free line fader, In
effect, the line finder and the sssociated frst selector to be used for the nexi
Future call is selected im advance by the aliotter circuit. Tn practical designs,
several allotier switches are provided in the systcm (o serve calls that may
origimate in guick succession or simuftaneously, Multiple allotter switches
also avoid single-point Failures, that might lead to complete breakdown of the
system,

In designing large exchanges, some practical limitations are encountered
in Both the above schemes of gaining aceess (o switching resources, Large
exchanges are characterised by a large number of subscribers and first group
selectors, It is pot possible (o provide a large number of outbets in the selecior
huntess or line fnders such that any ligst growp selector is socessible by any
subseriber, Usually, subscribers are connected in groups of 100 to different
sets of line Anders which use two-motion selzctors, Similarly, sefs of selector
hentees are comnecied to differeat groups of 24 fiest selectors each. Line
finder and selector hunter approaches are advantageous for different sizes of
the exchanges. If the cxchange is small and the volume of traffic low, line
finder approach is cconomical. For large exchanges with fairly heavy traffic,
the selector hunter approach i more cost effective,

When the subscriber starts dialling, the first selector cuts off the dial
tone and receives the pulse traim corresponding to the lirst digit dialled by
the subscriber, Tts wiper assembly steps vertically as many steps as the
pumber of dial pulses. The wipers then move in the horizontal plane across
the coniacis uniil they come across a contact to which a free second growp
selector is comnnected. This horizantal stepping i completed within the
interdigit gap of about 240 ms. Therealter, the first group selector just
provides an elecirical path o the second group selector. Each group aelector
stage fonctions in a fashion similar to the first group selector by processing
o digit of the number dialled by the sobseriber and Hinding a group szlector
in the subsequent stage. The last two digits of the dislled number are pro-
cossed by the final selector which steps vertically according to the last but
ome digit and steps borizoatally sccording to the last digit, Since the final
selector responds 1o digits both in the vertbesl and horizoatal directions
undike the grogp selectors, i is sometimes referred 10 a8 numerical selecior,
If the called subscriber is [ree, as sensed from a signal st the corresponding
bank contact, the final selector sends out a ringing current (o (he called
subseriber and o ringing fone 1o the calling subscriber, When the called
subscriteer Lifts his handset, the ringing current and tone are cut off and the
call metering circuils are enabled by the control circnils associatled with the
finzl selectors. If the called sebscriber is basy, the final selector sends ot a
huzsy tone o the calling subscriber, Al anystage of switching, if there is no
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free sebector at the next stage, a busy tome 1s returned (o the calling sub-
scriber,

The control funclions in a Strowger system are performed by circuits
associated with the selectors. Control and supervisory sigoals are carried
from stage to stage by means of contacts in one of the banks. The wire
interconnecting these banks is known as P-wire or private wire. Two other
bank contacts arc wsed For currying voice signals and the associated wires are
known as negative and positive wires which extend up to the subscriber
premises, A selector X is gaid 10 have seized another selector ¥in the aexi
stage when the pegative, positive and private wires of the selector X have
been connected (o the negative, posifive and private wires respectively of the
selector ¥, The complexity and functionality of the control circuils asso-
ciated with a selector vary depending on the position of the selector in the
switching stage.

All the selector control circuils are composed of one or more of the
Tollowing basic circuits

1. Guarding circuit

2. Impulsing circuil

3. Homing circuit

4. Metering circuit

5. Ring-trip circuil

6. Adarm circuil,

The guarding circuit is an essential feature of all the selectors. It guards
the selector by making it busy as soon as it 35 seized, lest some other selector
involved 1n seiting up another call may also seive it. Once applied, the
guarding condition remains sei as long as the call & not terminated. The
guarding condition & indicated by an carth on the P-wire. An ecarth is
supplied to the P-wire by the home contact and the homing arc of the home
pank. To avoid any unguarded period during the tranzition of the wiper from
the home confact (o the homing arg, the wiper is of bridgiog iype, ic. i
functiens in make-before-break fashion; it touches the boming arc before it
leaves the hosse eoniact,

The impulsing circuil is an essential part of all those selectars which have
to respond to dialling pulsas. It is wsed in group and final selectars, but not
in fing fGmders or selector hunters, This circuil is usually designed around
three relays: one fast acting and the other two slow acting. The fast acting
relay faithfolly responds 1o the impalses and passes them oo 1 the Powire
circuit. The fast wction is achieved by using only oo contact spring assembly
and an isthmus armatare, One of the slow acting relays scrves to maintain
guarding conditions on the Posirg of the incoming creuils and provides for
the conncction of the selector magnel to the impuelsing relay, The third relay
is wsed to recognise the end of a pulse train corresponding Lo a single digit
and prepare the circuit for the sext stage in the switching process.
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When a selector is searching for a free outlet, the condition on the P-wire
must be tested to determine whether the outled is free or not, If an outlet is
engaged, the wipers must be allowed to continue the hunting process. If the
outlet is free, it mus be seired immediately and the incoming positive ancd
negative wires must be switched through to the input of the next stage. At the
same (ime, the hunling process must stop. Ooee established, the connections
must be beld until the conversation lasts. All these fonctions are performed
by the testing circuit, and hence this circuil is sometimes referred to as
bunting, testing, switching and holding circuwit.

There arc two methods of indicating the frec condition on the P-wire:
one by means of a simple disconnection and the other by applying a battery
to the P-wire. As mentioned earlicr, the busy condition is indicated by an
garth connection, Hence, a testing dreuit has (o distinguish between an earth
and a disconnection in one case and belween an carth and a battery in the
other, Accordingly, the two methods are referred to as earth testing and
buttery testing, respectively. Battery Lesting is less prone to false connections
ihan carth testing, In any switching process, particularly eleciromechanical
switching, momentary disconnections of lines do occur. Therelore, false
switching may take place if the carth testing bappens at an instant when a
busy outlel s in the course of some switching or release process which
tempaorarily disconnects the guarding earth from the P-wire. Such a problem
does nol occur in the case of battery testing,

At the end of & conversation, all the selectors used for the call must be
released and returned to their respective home positions, This operation 15
performed by homing circuils. The two-motion selectors return o ther
home position by actuating their sclf-drive mechanism using interrupt
contact. In the case of uniseleciors, the necessity of homing arises only for the
calling subscriber uniselector. The called subscniber uniselector is already in
the home position. Homing operation requines a finite time, and it muost be
ensured that g bunting selector may oot serze a selector which is in the
process of homing, Thos, the provision of guarding carth during homing is an
integral feature of the hommng circuit.

Metering circuit is a special feature of the final sclectars. It regisiers a
call against the calling party as soon as the called party answers. The circuit
drives a meter conlaining a simple ratchet-operaled counting mechanism
with a capacity of 4 to 5 digits. For local calls, the metering is wsually
indspendent of the duration of the call and the meter 15 pulsed only once by
the final sclector. For long distance calls established using subseriber trunk
diailing (STD} facility, the metering is tme dependent and the meter is
pulsed at an appropriate rate, [n this case, the mefering pulies are wsually
received from a remote exchange, Metering is achisved by connecting the
meter (o the Powire of the subscriber uniselector through & rectilier amd
applying a positive voltage which makes the reclifier conduct and thereby
pulse the meter. The wse of the rectifier also ensures thal Powire remains
guarded during melening.
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Ring-trip circuit is a part of the final selectors. The attention of the
called subscriber is drawn by ringing the bell of his teleplhons sei. AL the
same bime, 3 ringing tone % senl out from the final selector to the calling
subscriber. Both the ringing current and the ringing tone are cut off by the
ring-trip circuit as soon as the ealled party answers the eall. The ringing
currenl ina Strowger system is a 17 Hz alternating current. The ringing tone
and the period of imterruption of the risging current are controlled by a relay
which is driven by suitable pilsing circnits, To prevent the ringing currgnt
from interfering with the speech circuit, the electrical power to the ringing
circuil is isolated from the main exchange supply. As seon as the condition of
main power beimg applisd (o the cregit is sensed, the ringing current s
tripped. A common fauli of premature tripping of the ringing curreat occurs
when the main supply battery gets connected o the cirenit during ringing
without the called subscriber actually lifting the handset. If this happens, the
bell &l the called subseriber telephone sel rings only once or iwice,

Alarm circuits provide viseal and asdible indications of any fault or
updesirable condition creeping infto the selector circuits. Three types of
faults are vsually detecied: off-hook condition, called-sabscriber-held, snd
relense beld, In the event of a short-circuit in the subscriber line or the
subacriber oot having replaced his handset propecly on the hook, his dc.
loop creuwt remains closed and his uniselector bunts and seizes a frst
selector unnooessarily. To avoid this undesivable use of power and switching
clements, every first selecior is provided with a permanent glow alarm cir-
cuit. This circait activates an audio and a visual alarm if a selector remains
seized lor more thas siv stinotes, Called-subscriber-held slarm circuit is
necessary in oll exchanges where the release of the switching stages i ind-
tiated by the calling subscnber replacing his handset, In case 1be handset 15
aot properly seplaced, all the selectors and the called subscriber line remain
held, even thaugh the called subacriber has replaced his handset properly. I
this happens, neither the called subscriber is able 1o make any cafl himsclf
nor can anybody elie call him, Thus, the subscriber’s instrumenl remaing
paralysed. A miscreant can casily create this sitvation by calling a number
and then not replacing his handset on the hook. To prevent this, all final
selectors are provided with called-subscriber-held alarm crreuil. Ef the coadi-
tion of the called subscriber handset having been replaced and the calling
subscriber handset not having been replaced lasts for over three minutes, this
alarm circuil operates, The tkird type of alarm circuit, e, release-held alarm
circmt, senses Lhe failure of a selecior Lo refurn fo home podition.

2.5 Design Paramelers

When considering the dezign of a switching svslem, a oumber of design
alternatives and options may be available. For example, a Strowger switching
system may be designed entirely oa the bagia of eaiselectors or two-motion
selectors, or a combinastion of bath, i thes becomes necessary (o compars
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and evaluate designs (o choose from the alternatives, Design parameters
assist us in this process, In this section, we define a set of design parameters
that characterise the switching systems, These paramciers are geoeric in
nature and kence are applicable to all types of swiiching syslems irrespecive
of the techaglogy or archilecture,

The switching network is 2 major component of any switching system. [t
is mainly composed of swilching elements and the gasoaaied circuifs, Az a
result, the cost of the switching network is directly proportional to the
number of swilching elements in the network, Hence, a good design must
attempt to minimise the number of switching clements in the system. When
considering the (otal switching svstems, there are other cost glements. For
common coatrel sysiems, the cost of the conirol subsysiem must be taken
into account. There is o cost associated with some fxed common hardware
clements like ringimg current gencrator, different tone gencrators and power
supplies. A switching nctwork may be realised using one o more stages of
switching elements, The higher the pumber of stages, the longer is the time
taken to set up a call as swinching is involved in every stage, Every switching
system is designed Lo support a certain maximum number of simultancous
calls, which we call as the switching capacity. In most of the designs, the
catire switching respurces are oot atilised cven when the swilching capacity
15 [ully vhlized Fart of the resources remains idle. The fraction of the
hardware actually used under full load condifions i5 an index of the design.
Taking these factors into accoust, we pow enumerats the design parameters:

1. Mumber of sebscriber fines, &
2. Total number of switching clements, §
3. Cost of the switching system, O
Cm=8xC+C +Cyy
whiere
s = cost per swifching elemeat
e = cost of the commseon control system
Cop = cosl of the common hardware
Simce the control cifcuits are associated with switching elements in a
Strowger system, Cr i3 equal 1o #ero, The common hardware is usually a
small proportion of the total herdware except for the power supplics and its
cost is of the same order in different comparable designs. Hence, we ignore
Cem in most of our calcelations.
4. Switching eapacity, 5C
5. Traffic handling capability, TC

TC = swilching capacily
T theoretical mainim load
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_ 2SE)
N
&, Eguipment wtilisation factar, ELF
mumber of switching elements in operation when the §C

is fully utilised

EUF = total aumber of switching elements 1n the system

7. Mumbez of switching stages, K
B, Average switching time per stage, Ty
B, Call sefup time, T

T, =T, xK+T,

where Tp is the me required for functions other than switching. To is a
significant guantily in common control systems where control functions are
separated from switching fanctions. In Strowger (direct contral) systems, T
may be ignored.

10. Cost capacity index, CCT

l.witci;mg' ﬂﬁ' NIEC)
o= cOsL per 54 me €

The higher the value of CCI, the better is the design. Given the traffic
handling capability of a switching system, the stochastic behaviour of the
actual traffic and holding time characteristics of a call, it is possible to make
reaspiable estimates of the blocking probabilitics. A detoded treatment of
the blocking behaviour of swilching systems is presented in Chapter 8, How-
ever, simple blocking probability calculations are made when the designs ars
discussed in the carlier chapiers, It may be aoied that the blockiog probaibi-
lity is more of a performance pprameter than a desige parameter, However,
at the design stage, the traffic handling capability of the switching system
munst be sized to achieve a low blocking probability in the field. This is done
on the basis of estimpted rraffic,

2.6 100-line Switching System

A 100-line switching sysltem can serve up to 100 subscribers. A 100-ling
Strowger swilching system may be configured in a varicty of ways. In this
section we discuss five differcot design alternatives for a 100-line
step-by-step switching system. We then compare the designs based on the
design parameters discussed in Section 2.5, Simple hioe diagrams known as
trusking disgrams arc uscd to represeod the configurations of switching
systems. For computing the cost of different designs, we assume that the cost
of a uniselector is one unil and that of the two-motion selector is two units,
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261 Design 1

An clementacy configuration for a 100-line Strowger switching syalem using
I0-gutlet pniselectors is shown in Fig. 29, The configuration has (wo stages.
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Fig. 2.9 10-line switch using usiselectons

In the Grst stage, thore are I unimelectors, one for cach subseriber. The
sccond stage has 10 0 more unisclectors, The second stage outlels arg folded
back 1o the mrn:s[mnd:ing imlels via suatabls coniral |:ir|:uil1'_l.' II::I'I.II:II. aliwn in
the figure for the sake of simpliciyy). Usually, each subscriber loe iz termi-
nated on @ reluy group ab the exchanpe, The relay group containg all the
mecessary cirewis for the controd of the switching mechanism. Fonclions like
testing, switching and return of the toocs are done by the relay groups.
Similarly, outlets from the lirst stage are terminated on relay groups af the
input of the second stage, The four banks of the uniselectors serve to provide
positive, negative, F-wirc and homing connections, The corresponding out-
lets of all the Brat stage uniselectors are commeoned or multipled. The Grst
stage responds Lo the Dirst digit dialled by the user and the second stage to the
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second digit. Supposs (he subacriber 12 dials the number 56, kis uniselector,
Le. uniselector 12, steps by five positions and the enizelector § in the second
stage sleps by six positions, With 10 uniseleciors in the second stage, only 10
calls can be established simultaneously. Even this requires that the calls are
uniformly distributed one per decade throvghout the number range. All calls
in & given decade wse the same second stage unisclecter. For example, the
pnumbers 50-5% are pul through uniselector number 5 10 the second stags. As
a result, two calls destined for aumbers in the range 50-39 cannot be put
through simultancously, cven though other unisclectors may be free in the
sccond stage. This problem may be overcome by making such an arrange-
menb by which the uniselectoss in the second stape are ireated as & common
resource for all the sniselectors in the first stage, The design paramebers for
this design are:

=0, SO=10 K=2I TC=102
EUF =018, ¢ =110, CCf =909

In this design, blocking may ocour under two conditions:

1, The calls are unilormly distributed, 10 calls are in progress and the
11th e arrivs,

2. The calls arc mot uniformly distributed, o call is in progress and
anather call arrives, which is deslined for @ number in the same
decade.

The hiocking probability Py in the first case is dependent upon the
traffic statistics. IF we assume a random diszrbution of calls in the second
cawe, we can calculate Py as

Protabality that there is a call in o given decode = 107100

Probahility that another call is destined to the same decade but not
to the same pomber = 909

Therelore,
Py = (1/10)(9/98) =0.009

262 Deslgn 2

An alternative scheme which does not invalve any logic circuit is to employ
10 wniscleciors io the second stage for every ane uniselectos in the first stage.
The total number of uniseleciors in the system becomes 1L00; 100 in the first
stage and 1000 in (he second stage, There are 10,000 gutheis and 100 inkets,
The corresponding outlets assoctated wath every imlet are commoned. For
example, all outlets oumbered 10 are commoned together. Thus, effectively
Ihere are only 100 independent outfets from ihe switch whick are felded back
1o the corresponding inlets. It may be noted that unliks the previous desgn,
this switching systcm is nonblocking. The design parameters are:
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Sl SC=5, K=2 TC=}
EUF = 009, C=1100, CCI=454, FPy~0,

Some observalions are in order, Apparenily, Dresign 1 appears to have
seriouws limitations, But the values of design parameters, CCF, EUF and P
indicate that it is more cost effective than Design 2, If the traffic statistics
indicate that more than 10 calls oniginate most of the time, the blocking
pc-rfnrm.a.m:as :“.!fnlﬂ.ign 1 beeomes I.I.n.ar:l:l:pl.al:lh:- In cazes where the average
number of calls exceeds 10 but still a small fraction {say, less than 20} of the
theoretical maximum number of calls, a via media configaration with more
than one uniselector per decade in the second siage would be 3 good solo-
tion. But this also calls for a mechanism to choose a free selector out of the
many available at the second stage. In step-by-siep switching sysiems, the
sclection of one out of many selectors in the next subscquent stage is done by
depioving a uniscloctor or the horizontzl rotary mochanism of a two molion
selector in a self-stepping mode using the interreprer contacts. Designs 4 and
5 discussed later in this section nse such arcangemenis.

263 Design 3

Another way of realising a 100-hne Strowper switching system s Lo use onpg
two-mation selector for ach subsesiber, A subscriber i3 ascigned 2 number
in l|1.-¢ range [:l_]—'!':""}, .ﬂ:l'l.ll.l 1|'.||.'. A |11.|.m||-|.:r = used i iﬂl:nlil':,' l;]u.: I.W|1~:rn|::n1i|:_:-r:
selector assigned (o him, The 1) outleis of each tap-motion seleclor are
rumbered as per the scheme mven in Table 1. The correspondimg outlets in
all the 100 two-motion selectors are commoncd and folded back (o the
corresponding wnlets, For example, & subscrber with 67 &5 his number 15
assigned the two-mation selector 67, The owtler 67 which corresponds to this
subscriber is connected to the Tth contact i the Sth vertical position of all
the two-molion selectors and [olded back to his inlel. The arrangement is
shown in Fig, 2.10. If subscriber 23 dials 67, his two motion sclector 23 wouid
step verfically 6 fimes corresponding o the first digit sod would sep
horizontally 7 times 1o reach the comtact (o which the subseriber 67 is
connected. This switch is nonblocking and wses only one stage of switching
elements.

The two-mobion seiector used to estabhish a call 15 dependent upon the
imitiator of the call, For example, when 23 calls 45, the (wo-motion sclestor
r.c BT u.-i.n-d, whereas when 45 calls 13-., the two-milion selector 45 i uwd,
although the partics in conversation are the same in both the cases. Since the
two-modion selector is activabed by the calling party, the call is 1erminsied
only when the calling party disconnects the lise, Il o iwo-motion selector goes
out of order, the subscriber connected o it will not be able o make apy
ﬂulﬂl:ril'l,-ﬂ: calls Bl can recoive in:-uming_ calle. The dus:ign paramelers ol (hig
swilch are:

5 o= 104, 5C = 5, FA R TC = 1,
LUF = LS, O = XN, CCl - 25, Pyg=1.
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Fig. 2.10  100:-line exchange with one two-molion selector per subscriber,

Clearly, Design 3 is superior to Designs 1 and 2, Further improvements
to Design 3 arc possible if the switching capability is provided to meet only
the estimated peak-howr load rather than the theorctical maximum loacd,
Such a design would demand that the switching clements be treated as a
common resource accessible by all the subseribers. An clementary reguire-
ment of such a design is that the cost savings resulting from placing the
switching clements in a common pool should be greater than the cost of the
equipment required to associate a subscriber line with a selector, Secondly,
the time taken to associate a selector to the subscriber fine should not be
excessive, and the dial tone must be returned to the subscriber without
appreciable delay. Finally, the design must not unduly complicate the
maintenance of the equipment and must provide a ready means for iracing
conncctions, Diesigns 4 and 5 treat switching elements as a common resource,

264 Design 4

Instead of 100 two-motion sclectors as in the case of Design 3, lel us consider
only 24 two-motion selectors. In this case, 24 simublaneous calls can be put
through the switch. The 24 two-motion selectors are shared by all the
hundred users. The corresponding outlets of the two-motion selectors are
commoned as in the previous case. It is implicitly assumed here that the
average peak-hour traffic is 24 simultaneous calls.

We now have to introduce a mechanism by which a user can get hold of
a two-motion selector whenever he wants to fmake a call. Once he seizes &
two-motion sclector, obtaining the required number follows the same pro-
cedure as in the case of Design 3. As discussed in Section 2.4, we may adopt
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cither selector hunter or ling finder approach, In this design, we use selecter
hunters and in Design 5 (3ce section 2.6.5), we use line finders,

Typically, a 24-outlet uniselector ks used as a selector hunter, Each of &=
24 putlets is connected to one two-motion sclector. Thus, a subseriber has
access (o all the 24 two-motion selectors in the system, The corresponding
outlets of all the selector hunters are commoned and thus, all subscribers

have access to all the two-motion selectors, This scheme is shown in Fig, 2.11.
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Fig. 2.11 100-line exchange with selector finders,

The call establishment in this scheme takes place in two steps. Firstly,
when the subscriber lifts his receiver handset, his uniselector hunts through
the contact positions and seizes a free iwo-motion sclector, Al the next siep,
the two-motion selector responds to the dial pulses for appropriate conmec-
tion. The design parameters of this system are:

5 = 100 unisclectiors + 24 two-motion scleciors

SC = 24, K =2 TC = 0438,
EUF =058, C=148 CCl =162

The blocking probability would depend on the traffic charactenstics, For
an exchange with 100 subscribers, the probability of more than 45 subscribers
heing active simuliancously is very low, Hence, blocking performance of this
Jdesign musi be satisfaciory. This design 15 clearly superior Lo Designs 1 and
2. However, the CCF of this design is lower than that of Design 3. But the
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The lr:.ml:in.g di.agr:rn fiar o 100M)-Hine c:u;hangl: % g;il.r:n i Fig. 213 Asin
the case of 100-line exchange, whens a subscriber lifts his receiver, the pre-
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Fa = final selector G5 = group selector SUB = subscriber
Fig. 213 Trunking diggram of a 1000-linc exchange.

selecior hunts for a free growp selector, When a frec group selector is
obtained, the subscriber is given the disl tone. When the subscriber dials the
firat digit, the group sclecior sicps vp in the vertical direction according (o
the digt dialled, and hunts for @ free fnal selector inone of its 10 outlets, 1T
a free sebector is obtained, it responds to the next two digits and a connection
iz cstablished, othereise an cngaged tone is sent out 1o the subseriber,

Each final selector, which is a pwo-motion selector, provides 100 outlets,
and we need & minmum of 10 final selectors 1o connect 100K subscribers
WWith 10 final seleciors, only 10 simuliancops calls can be established, which
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1.

Kirowger Swiiching Svstems

How can a suppressor cam be designed such that the mterdigit gap
precedes the dialling pulses?

Explain the working of the trigger dial mechanism. How is this superior
to com dial mechanism?

A busy tone does not imply that the called party is actually engaged in 2
conversation, Explain,

A regular Jong-distance caller disconnecis one of the call allempis
imemediately on hearing the ringing tooe with & remark that the call has
landed on a wrong number. Can he be right? Why?

A long-distance dialler hears four different types of caill-in-progress
signals while eatablishing a call. What can he conclude?

In an English-speaking country, a long distance caller bears the voice
announcement ‘Lines in this route are busy, Please try after some time',

Is it possible for kim to determine which segment is busy? Compare the
situation in & mubltilingual country like India

Dreseribe the working of a rotary switch, Differeatiate between forward
acting and reverse acting fypes.

In & 100-line Strowger exchange wsing 1) two-motion selectors, show
the trunking diagram when the subscriber 85 establishes a connection to
subscriber 58, How docs the diagram change if the call is mitwoted by
subscriber 547

Give the relative positions of the number pairs {61, 600 and (05, 35) ina
two-mation selector.

What are the hasic approaches to the design of sabscriber access Lo
Strowger systems? Describe them.

Deseribe how a wniselector can be wsed as a selector hunter or line
finder.

Distinguish between earth [esting and baitery testing as applied (o
hunting operations m Strowger exchanges. Discuss the relative merits of
cach method,

A 10)-line exchange has 24 group selectors and 20 final selectors. How
many simuitancows calls can be put through this exchanpe? How many
simultaneous calls in the number range 200-299 can be put through if
final seleciars are yniformly distribuled?

A 1000-lice exchange bas 24 group selectors and 30 final selectors
uniformly distributed, How mawy simultapeous calls can be put through
the exchange? How many simulianeous calls in the rapge 200—799 can
be paol through?
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Let 1457 be the subscriber to be called in Exchange F. From Exchange A4, the
called subscriber can be reached by dialling cither of the lollowing oumber

SCQuCmoc

Far route A-Ba00-F (1-04-12-01-1457
For route A-f-H-{-F 02-05-01-102- 1457
The difficulties are now obvions;

# [dentification aumber of a subseriber 15 route dependent,

* A user must have knowledge of the topology of the network and
outlel assignments in cach cxchange.

# Depending on from which exchange the call originanes, the aumber
and its size vary for the same called subscriber,

These difficultics can be overcome if the routing 1s done by the exchange and
a uniform numbering scheme is presented as far as the user & concerned.
A number may now consist of fwo parts; An exchange sdentilicr and a
subscriber ling identifier within (he exchange, An exchanpe must have the
capability of receiving and storing the digits dialled, transkating the exchange
identifier inte routing digits, and iransmifting the rowling and ihe subscriber
ling adentifier digits io the switchiog network, This function s performed by
the Director subsysiem in a Strowger cxchange, Some important obser-
vations are in grder with regard to the Direclor system:

& Ag goon & the translated digits are transmitted, the Director is free
0 process antther call @nd = nol involved in m.ainliiuiﬂg the circuit
for the conversation,
¢ Call processuing (akes place independent of the switching network.
s A gser 15 assigned a logical aumber which is independent of the
physical line number used to establish & connection to him. The
logical address is translated fo sciual physical address for con-
nection esiabiishment by an address translation machanism,
All the above are fundamental festores of a common contzel sysiem. A
Tunctional bMock diagram of a common control switching system is shown in
Fig. 3.2. The control functions in a swilching system may be placed under
four broad categories:
1. Event monitoring
2. Call processing
3, Charging
4, Operation and maintenance,
Evenis occurring outside the exchange at the line wnits, trunk junctors and
interexchange signalling receiverfsender wnits are all monitored by the

control subsystem, Typical events inchade call request and call release sgnals
at the line units. The occurrences of the events are signalied by operatme
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is limited to 10 distinct signals, whereas a higher number would enbance
signalling capebility significanily, Finally, a more convenient method of
sionalling than rotary dialling is preferable from the point of view of human
factors, These considerations led to the development of touch tone dial
telephones in the 1950s, which were infrodeced first in 1964 alter Geld trials,
They are increasingly replacing rotary dial telephones all over the woeld.
The touch tone dialling scheme is shown in Fig, 3.3, The rotary dial is
replaced by a push button keyboard. “Touching” a button generates & “toac”

1209 133 1477
I
97 1 2 3
I
z !
ﬂ ||
E T 4 5 &
3
g
=2
Z @z 7 8 5
:
3
g'lll L s |} F: # ————
1209 1336 1477

Upper band frequencies (Hz)
Fig. 33 Touch dial arrangement,

which is & combination of two [requencies, one from the lower band and the
other from the upper band, For example,pressing the push button 9
trapsmits 852 Hie and 1477 He, An extended design provides for an additional
frequency 1633 He in the apper band, and can produce 16 distinet signals.
This design 15 used onaly in military and other specizl applications. Another
design, known as decadic posh button type, nses a push button dial ia place
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Fig. 2.5 Tyvpical attenvation and delay charactensic of ielephone
networks,

relatzonships like 1:2 and 2:3 between adjacent two feeguencies in the same
band and between pairs of frequencies i the two different bands, res-
pectively, Such a selection improves lalk-ofl performance. As mentioned
earlier, spuands composed of 8 multiplicity of frequencies at comparabls
levels are not hkely to produce talk-off because of the lmiter and selector
design, Such sounds are prodeced by consorants. However, vowels are single
fregquency sounds with a seres of harmonric components preseat in them.
Susceptibility to talk-off due to vowels can be reduced by choosing the
speciic frequencies approprately, The adjacent frequencies in the same
band have a fised ratio of 21:1%, ic. only the 215t and 1%h harmonic
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connection B-E, the crosspoint 8C may latch and 8 wall be brought into the
circwit of A-C. This is prevented by introducing an energising sequence for
latching the crosspoints. 4 crosspoint latches only if the horizontal har iz
coergised first and then the vertical bar. {The sequence may well be thaf ibe
vertical bar is energised first and then the horizontal bar). Hence the
crosspoint BC will not lateh even though the vertical bir © & energised as the
proper sequence is not maintained, In order Lo establish the consection 8-E,
the vertical bar £ needs to be energised after the horizontal bar is energised.
Im ghis case, the erospoint AE may latch as the horizomtal bar A has already
been energised for establishing the conmcction A-C, This should also be
avouded and is dome by de-energising the horizontal bar 4 after the
crosspoint i latched and making a suitable arrangement such that the latch
is mauiniained sven though the cnergisation in the borizontal dircction is
withdrawn. The crosspoint remains latched as long as the vertical bar £
remaing energiscd, As the horizontal bar A is de-energised immediately after
the crosspeint AC is latched, the crosspoint AE does net latch when the
vertical bar £ is energised. Thu.s the procedure for cstablishing a connection
in a crossbar switch may be summarised as:

encrgise horizontal bar encrgise vertical bar
encrgise verlical bar of energise horizontal bar
de-gnergise hoclzontal bar de-energize vertical bar

3.4 Crossbar Switck Configurations

In a nonblocking crosshar configuration, there are N switching clements for
N subscribers. When all the subseribers are engaged, only N2 swiiches ase
actually used to establish connections. Table 3.1 shows the values of different
design parameters (see Section 2.5} for four nonblocking switches, Unit cost
is assumed for sach crosspoint swilching clement. Providing N crosspoints
even for moderate number of users leads o impractical complex circuitry. A
100M-subscriber exchange would require 1 million crosspoint switches,
Therefore, ways and means hive to be found 1o reduce the number of switch
contacts for a given number of subscribers,

Table 3.1 Nonblocking Crosspoint Swiich Systems; Design Parameters

N 5 5C EUF c ccr
4 16 2 12.50 % | D5

16 256 8 3,13 256 0.5

&4 409 12 0,78 4096 0.5

1248 16384 A4 0,39 16384 0.5

N = Mo, of subscnbers 5 = Mo, of swilching elements
SC = swilching capacity T =iotal cost
EUF = pquipment utilisation factor CCT = cost capacity index
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0 Crossbar Switching
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Fig. 3.10 Crosshar switches with transfer lines.

scaled in a glass tube as shown in Fig. 311 The scaling protects the
electrical contacts from external contamination, The displacement nvolved
in making contacts is about 0.2 mm. and this results in fast switching times
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Crosshar Switching

Talley, ., Baric Teleplone Switching Syetems, 2nd ed., Hayden Inc.,
Mew Jersey, 1979,

EXERCISES

"Wumbering plan in a telephone network must be indepeadent of call
rounfing”. Why? Explain,

What are the differences beiween common conirol and direct control?

List six events that may occur in & telephone sysem and the corres-
ponding actions that may have to be taken by the common control
system.

Calculate the time takea to dial a 12-digit number in a DTMFEF 1ele-
phone when

(a) the cxchange is capable of receiving DTMF signals; and

(b} the exchange can receive only pulee dialling,
Compare the result with a rotary telephone dialling,

*Contact bounce' can be a problem in DTMF telephone, Le. a singls
press of & push bulton may be interprefed as more than one press. How
docs the DTMF dial design take this into account?

Show that the barmeiic frequencies of any two adjacent base frequen-
cies in DTMF telephone cannot malch within the first 15 harmonics.

M the transmitted power of the low band requency signal from a DTMF
telzphone is 1 mW, what should be the power in mW ol the high band
Frequencies?

A telephont exchange supporting 5000 subscribers uses DTMF dialling
and & common control subsystem with 100 digit receivers. Each digit
receiver is assigned for a duration of five seconds per subseriber for call
processing, If 20 per cent of the subscribers attempt to call
simultaneously, what is the worst case wail time for a subscriber before
hix receives the dial tone?

A diagonal crosspoiol matrix cxchange supports 500 users, Do an
average 1000 calls are put through everyday, I the crosspoint contacts
have a mean life of 10000 breaks and makes, cstimate a5 to how often a
crosspaint may be replaced in this exchange.

Estimate the number of crosspoinis required o desipn an exchange that
supports 500 users on a nonblecking basis and 50 transit, outgoing or
incoming calls simultancowsly.

Compare the reliabilities of one transisionised crosspoint switch and a
bipolar chip containing 100 crosspoint switches, {Use known reliability
data for the two techoologies),



12,

13.

Exercises M5

“The number of crossbars may be reduced by mounting contacts
belonging to teo subscribers on one bar”, Can this be applied (o both
horizontal and vertical bars simulianeously? Explain how the scheme
wioald work,

A blocking crosshar swilch is (o be designed to support 100D sub-
scribers, 1 the estimaied peak traffic is 10 erlangs with average holding
times of three minutes per call, estimate the number of crosspoinis
reguired.



4

Electronic Space Division
Switching

Early crossbar systems were slow in call processing as they used clectro-
mechanical components for common control subsystems, Efforts to improve
the speed of control and signalling between exchanges led to the application
of electronics in (ke design of control and signaliing subsystems, In late 19405
and early 1950, & number of developmental efforts made use of vacuum
tubes, transistors, gas diodes, mngm:hn drums and cathode ray tubes for
I'I:-I]J.H.I.I!.E control functions. Circuits using gas tubes were developed and
empleved for timing, ring translation and selective ringing of party lines,
Yacuum tubes were used in single frequency signalling and transistors in ling
insulation tesl cirguits, Conlemparary (o (hess developments was the arrival
of modern electronic digital computers. Switching engineers soon realised
that, in principle, the registers and tramslators of the common control
systems could be replaced by a single digital computer.

4.1 Stored Program Control

Modern digital computers use the stored program concepl. Here, a program
af & s¢f of instroctions to the compuier i3 stored in its memosy and the
instructions are executed automatically one by one by the processor.
Carrying out the exchange control functions through programs stored in the
memory of & compuier led to the pomenclature stored program control
{SPC). An immediale consequence of program control 15 the full-scale
automation of exchange functions and the introduction of a varizty of new
services fo users. Common chansel signalling (CCS), centralised mainte-
nance and automatic faull diagoosis, and interactive human-maching
interface are some of the lzatures that have become possible due to the
application of SPC to telephone switching.

Introducing a compater to carry out the control functions of a telephone
exchange is not as simple as using & compuier for scientific or commercial
data processing. A telephone exchange must operate without interruption,
24 hours a day, 365 days a year and for say, 30-40 years. This means that the
computer controlling the exchange must be highly tolerant to fauls. Fault
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tolerant features were unknown to early commercial computers and the
switching engincers wore faced with the task of developing fault tolerant
hardware and software systems, [n fact, major contributions to fault telerant
eomputing have come from the ficld of telecommunication switching.

Atfempls to introduce electronics and computers in the control sub-
syeiem of an exchange were encouraging enough fo spur the development of
full-Nledged electronic switching system, in which the switching network is
also electronic, After about 10 years of developmental efforts and field trials,
the waorld's first elecironic switching syetem, known a5 Mol ESS, was
commissioned by AT&T at Succasunna, New Jersey, in May 1965, Since then,
the history of clectronic switcking system and stored program control has
been one of rapid and continuous growth in versatility and range of services,
Today, SPC s a standard featuse in all the clectronic exchanges. However,
pltempts to replace the space division clectromechanical swiiching mairioss
by semicoaducior crosspoinl matnces have oot been greatly successful,
particularly in large exchanges, and the switching engineers have boen forced
to return Lo electromechanical miniature crossbars and reed relays, but with
& compiete electronic environment. As a result, many space division eloctro-
nic swilching systems use eleciromechanical switching networks with SPC,
Monctheless, private automatic branch exchanpges (PABX) and smailer
exchanges do vse clectronic switching devices. The two types of space
division electronic switching systeme, one using electromechanical switching
network aad the other using elecironic switching network, are depicted in
Fig. 4.1. Both the types qualify ss eleciropic switching systems although only
one of them is fully slectronic, With the evolution of tme division switching,
which iz done in the electronic domain, modern exchanges are fully eleciro-
nic, Principles of time division switched elecironic exchanges are discussed
in Chapter 6,

Eleciromechanical Electronic
switching network switching network
G A %

' |
s
Stored program Siored program
contriel contriol
(a) Electromeochanical switching {b) Elecironic switching

Fig. 4.1 Electronic space division switching systems.
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There are basically two approaches 10 organising stored program con-
trol: centralised and distrivuted. Early electronic switching systems (ESS)
developed during the period 1970-75 almost iovariably wsed centralised
control. Although many present day exchange designs conlinue to use
centralised SPC, wath the advent of low cost powerful microprocessors and
very large scale integration (WLST) chips such as programmable logic arrays
(FLA} and programmable logic controllers (FLC), distributed S3PC s gain-
1ag popularity.

4.2 Centralised SPC

In ceniralised comtrol, all the control equipment is replaced by a single
processer which must be quite powerful, It must be capable of processing 10
to 100 calls per second, depending on the load oo (he syalem, and simulia-
necusly performing many olher ancillary tasks, A typical controld conligur-
ation of an ESS using centralised SPC is shown in Fig, 4.2, A centralized SPC

To lines From lines
A /
\ ( )
sk _w
Signal Scanners
distribuanor
| FProcessor i 1
|
e
Secondary
Maintenance Memory storage: call
console recording, program
Slorape eI,

Fig. 4.2 Tvpical centralised SPC organisation,

configuration may wse more than one processor for redundancy purposes.
Each processor has access to all the exchange resouwrces like scanners and
distribution points and is capable of executing all itke control lunciions, A
redundant centralised structure i shown in Fig, 4.3. Redundancy may also be
provided at the level of exchange resources and function programs. In actual
implementation, the exchange resources and the memory modules contain-
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Exchange environment

7

P, i P,
i L

I

!

v L
H:I M!

ED = exclusion device
Fig. 4.6 Load sharing configuration.

processors cxchange information needed for mutwal coordination and
verifying the “state of bealth' of the other, If the exchange of information fails,
ooc of the processors which defects the same takes over the entire load
including the calls that arc already set up by the failing processor. However,
the calls that were being established by the failing processor are usually lost.
Sharing of resources calls for an exclusion mechanism 50 that both the
processors do nod seek the same resource al the same tme, The mechanism
may be implemenied in software or kardware or both, Figure 4.6 shows a
hardware exclusion device which, when set by oae of the processors, prohi-
Iits access (o a particular resource by the other processor uatil it & resct by
the first processor. Software exclusion mechanizsm s discussed in dotail in
Section 4.4,

Under normal aperation, sach processor handles one-half of the calls on
a statistical basis. The exchange operators can, however, send commands to
split the traffic unevenly betwesn the two processors. This may be done, for
example, to test a soltware modification on one processor al low traffic, while
the other handies majority of the calls. Load sharing configuration gives
much bedter performance in (he presence of traffic overdoads as compared (o
other operating modes, since the capacities of both the processors are avail-
able to handle overloads, Load sharing configuration increases the effective
traffic capacity by about 3 per cent when compared to synchronous duplex
operation, Load sharing 15 a step towards distributed control.

One of the main purposes of redundant configuration is to increase the
overall availability of the syztem. A telephone exchange must show more or
less & continuous availability over a period of perkaps 30 or 40 years. We now
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4.3 Distributed SPC

In distributed control, the cortrol functions are shared by many processors
within the exchange iselll This (ype of streciure owes its existepce o the low
eost microprocessors, This structure offers better availability and reliability
than the centralised SPC,

Exchange control functions may be decomposed either "horizontally’ or
vertically’ for distributed processing. In vertical decomposition, the
cuchange envirotement is divided into several blocks and each block i
assigned 1o a processor that perlorms all control functions related to that
block of equipments. The total eontrol system sow contists of several contral
umnits coupled together. The processor in each block may be duplicated for
redundancy purposes and operates in one of the three dual processor
operating modes discussed in Section 4.2. This arrangement is modular so
that the control umits may be added to handle additional lioes as the
exchange is expanded.

In horizontal decomposition, each processor performs only one or some
of the exchange control functions. A typical horizontal decomposition is
aloog the lines of the functional groupings shown in Fig, 4.7. A chain of
different processors may be used to perform the event monitoring, call
processing and Q&M functions. The eotire chain may be duplicated as
tlusirated im Fig. 4.9 for providing redundancy. Similar operating principles
as in the case of dual processor struciure apply to the dual chain coa-
figuralion,

43,1 Level 3 Processing

Since the processors perform specific functions in disiributed control, they
cat be specially detigned o carry oul these funciions efficiently. In Fig. 4.9,
Eevel 3 processor handles scanming, distribution and marking functions. The
processor and the associated devices are located physically close to the
switching nerwork, junctors and signalling equipment, Processing operations
involved are of simple, specialised and well-defined nature. Generally, pro-
cessimg al this level results m the seiting or sensing of one or more binary
conditions in flipflops or registers. It may be necessary to sense and alter a
set of binary conditions in a predefined sequence to sccomplish 3 control
function. Such simple operations are efficiently performed cither by wired
logic or microprogrammed devices.

A confrol uoit, desigoed as a collection of logic circuits wang logic
elements, electronic or otherwise, is called a "hard-wired® control unit, A
bard-wired unit can be exactly tailored to the job is-haad, botk in terms of
the function and the necessary processing capacity, But it lacks flexibility and
cannot be casily adapted to new requirements, A microprogrammed unif is
more universal and can be put to many different wses by simply modifving the
microprogram and the sssociated data, With the same techaology, the micro-
programmed units lend 0 be more expensive and slower than hard-wired
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6. It provides unambiguous specifications and descriptions for lender-
ing and evaluation of affers.

7. It provides a basis lor meaningful comparison of the capabilities of
deffersnt SPC systems.

Q State E Signal reception ‘

> Signal gencration D Save a signal
Process description <> Test

Procedure call Implemeniaiion
aption

J Frocedure definition

Fig. 413 Standard symbols in SDL.

Swilching systems basically belong to the class of finite state machines
(FiM) which are asynchroneus in nature and follow a sequential logic for
ikeir operation, They can be modelled by using a combinafional parf and a
memory part as shown in Fig. 4.14, In FSM, the status of the ouiput circuits
nof oaly depends upon the inpuls bul also wpon ihe current state of the
machine, Asyochronous sequestial operation gives rise to many problems
due (o transienl variations that may occur in the logic circoits snd memory
ebrments. Clocked synchronous operation shown in Fig. 4.15 overcomes such
problems. The theory of the operating principles of syachronous finite state
machines formas the basts of design of SDL.

Both assembly and high level languages are used in producing switching
software, Early electronic switching sysiems uied assembly language
programeming extensively. The present teend is to use more and more of high
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4.5 Application Software

The application software of a swilching system may be divided into three
main classes:

1. Call processing soltwares
2. Adminisirative softwmare
3. Mainteoance software,

A soltwars package is described by its organisation, the data strectures
it uses and the processing fusctions it performs. Application software
packages of a switching system use a modular organisation. The software
packages are divided into program modules, cach dealing with a specific
task. The sire of 2 module varies depending on the task. Generally speaking,
the modules are not self-contained. They exchange data with other modules,
gither directly through interfaces or indirectly through data tables. Several
modules are grouped together to constitute functional units corresponding
to independent functions, A module may be a part of more than one function
unit. Usually, a functional unit runs as a separate process in the system. The
modules of o process are strung togsther through special programs or
.chaining tables. Module chaining through tables is illustrated in Fig. 4.16.
Associated with every module is a pointer to o set of entries in the chaining
table pertaining to that moduls, Esch entry in the chaining table consists of
a key and a module number, Whenever a module completes execution, is
corresponding entries in the chaining table are scanned and the kevs are
eompared to a function status key. If a match occurs, the corresponding
module in the chaiming entry is executed next. This approach provides
Mexibality for adding new modules 1o a function or deleting old modales by
simply modifying the chairing data.

Application software accounts fior about 80 per cent of the total volume
of the software in a swilching system. Administration and mainfenance
programs together constitute about 65 per cent of the total volume, The total
software typically comprises between 400,000 and 300,000 machine
instructions. The eatire software need not be core resldent. Considering the
real ime constraints, the system software apd the call processing applicalion
software are wvsuzlly core resident, The adminigtration and maintenance
modulss reside on a back up storage and are brought into the main memory
as and when required, Depending on the srchitectural support available
from the switching processor, the operating system may use overlay or
virtual memary technique for this purpose.

Switching system software almost always uses a parameterised design,
This enables the same package to be used over a wide range of exchanges by
adupting the package to specific exchange characteristics. The parameters
may be divided into system parameters and office parameters, The system
paramcicrs afford flexbilicy at the overall system level while the office para-
meters define program execution limits al specific exchanges, The system
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Equipment 4
number
R"‘il
E"'!t
DN | PR [
CO5 — BA,
~A  ADD.PTR
Firs level
| DX

|
— @. Second level . DN

request Mo, 01 _
AD No. 02 i — DN =
. &
L]
L ]
Thied level
Called number

.

AD = abbreviated dialling ~ ADD = abbreviated dial directory
BA = baseaddress COS = class ol service
DN = dircctory number  FTR = pointer

Fig. 4.17  Access to calling line data,

to the calling subscriber is obtained. The user request for a service is
converted to an offset which i added to the starting address of the entry to
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120 Electronic Space Divivion Switching

Mlow, uncover traflic sensitive network or terminal problems and gather
information for billing. If the traffic load exceeds the capacity of the system,
an overload control process i iminated which reschedules prioritics and
frequencies of activitics (o eosure that the system confifues Lo process as
many calls as practicable. One way of overload control is to restrict the
momber of call originations per wanit time. This is done by delaying the
sending of dial tone for & (fw seconds 1o a subscriber who goes off-hook,
Muintenance programs are run for performing either diagnostic
funiction or preventive mainterance, During periods of narmal traflic, there
wre preventive mainfenance programs that fake hdvaniage of unused real
time (o run test programs of hardware and to andit system memory contenis
for correcingss and consistency. In periods of high traffic, these programs
are deferred. If a fault oocurs in the system, the operating system activales
unscheduled maintenance programs to recover the systom from the fault with
minimal mutilation of calls in progress, Sections of the exchange hardware
may be isolated and diagnostic program run to enable maintenance

personnel to fix faults.

4.6 Enhanced Services

e of the immediate benefits of stored program control is that a host of new
or improved services can be made available to the subscribers, Over a
hundred new services have already been listed by diflereat agencies like
CCITT, and the list is growing day by day. In fact, the only imitations in
introducing new services seem to be the imagination of the designers and the
price the market is prepared to pay for the services. Although there are a

large number of services, they may be grouped ender four broad categoriss:

1. Services associated with the calling subscriber and designed (o reduce
the time spent on dialling and the number of dialling errors

2. Services associated with the called subscriber and designed to
incresse the call complerion rate

3. Services involving more than two partizs

4. Miscellaneous services,

These new services are known as supplementary services and some of the
prominent ones are as follows:

Category 1;
s Abbreviated dialling
# Recorded number calls or no dialling calls
* Call back when free,

Category 2:
¢ Call forwarding



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



114 Electronie Space Division Switching

() Inefficient routing

(€} Charging dif ficalty
Fig. 420 Difficuliies in call forwarding across exchanges.

Call walting festore provides an indication to a busy subscriber that
another party is trying to reach him. The indication is given through a short
audible tone, lasting typically about three seconds. The subscriber may then

» ignore the incoming call and continue with the present one,
» place the incoming call on bold and continoe with the first call,

o place the first call on hold and answer the new call, or
# release the first call and aceept the new one,

Call-waiting feature requires bwo switching paths to be set up simultancoosly.
Eoth the paths must use the same signalling scheme.

Consultation bold i3 a facility that enables a subseriber in conversation
to place the other subicriber on hold asd comtact a third sebscriber for
consultation, This 1 like the telephone extendion service used in offices
where a secrelary may consult the executive while bolding an incoming call
excent that any subscriber aombes can be dialled for congultation. It may be
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K inputs of the second stage can be connected to any of the & oatlets. Asa
resull, there are K aliernative paths for any inlet'ouilel patr connection. The
nctwork is said to provide foll connectivity or full avallability, in the scnse
that any of the N inlets can be coonected o any of the N outlets in the
network, The term fuld connectivity must be distinguished from the term fielly
connected network defined in Section 1.1. Each stage of the network has
NK switching elements. Assuming sbout 10 per cent of the subscribers 1o be
active on an average, X may be set equal to (W/16). In this case, the number
of seiiching elements, §, in the nerwork s {H’IE]. For N' = 1024, we have
K = 64, 5 = 131,072

For large N, the switching matrix &' x K may still be difficult to realise
practically, If is necessary 10 consider architeciures that use smaller sized
switching matrices. Let us consider the two-stage realisation of an M = &
swilch using a number of smaller switching matrices as shown in Fig, 4.23.

‘1
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""‘--‘|\.‘
|14

o
il
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M . A b ., N
infeis W puatlets
[ ] -II_."lll i [
_.u": I|':|II Illl
Sl PR, ; III'I I'. \
1 Ex | A v Eog
My 1 ey
/
P = r — ./

Fig. 423 Two-stage network with multiple switching mairices
in each stage,

A inlets are divided intor blocks of pinlets each such that M = pr, Similarly,
the & outlets are divided into 5 blocks of g cutlets each such that N = gs. In
order 1o ensure Tull availsbility, there must be at least one sutlet from cach
block tn the lirst stage terminating as inlet on every block of the second siage.
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stage 3. Unlike the two-itage metwork discussed in Section 4.7, here any
arbitrary inlet in the first stage has 5 alternative paths to reach any arbiteary
outlet in the third stage. The total number of switching elements is given by

S-r_p.:+:r1+:pr=ﬂ-’5+sr1=::_1|‘u’+r=_} (4.14)

Il we use square matrices in the first and third stages, we have p = 5 = (N}
and, therefore,

8= Ei-l‘- MNr 1)

Equation {4.15) indicates that there is an optimum value for r that would
minimise the value of 5. To obtain this value of r, we differentiate Eq. {4.15),
set it equal to rero and determine the value of F

ds  —2n?
L Ly
idr .r:

Therelore, r = Y2V, The second derivative, being positive at this value of r,
indicates that the value of § 1€ minimum, Le.

5 = N VIN (4.16)

and p = Nir= VA2, The oplimum ratio of the number of blocks to the
number of inpuis per block is given by

rp=m YZN/VNZ = 2 (217

There are a variety of techmiques thal can b2 used (o evaleate the
blocking probabilities of muallistage switching networks, OF these, two are
widely used: onge doe (o CY. Lee and the other due to C. Jacobaeus (see
Firther Reading), Both the techniques are spproxmate (echaigues and
provide reasonably accurate results, particularly when comparisons of
aliermative slructores arc more important than absolute numbers, The model
proposed by Jacobaeus iz somewhat more accurate than the one proposed by
Lee. But the greatest value of Lec's approach is in the case of modelling and
the fact that the model and the associated formulae directly relate to the
underlying network stroctures, In this book, we use Lee's probability graphs
to estimate the blocking probability of multistage networks.,

A probability graph of o three-stage network is shown in Fig, 4.25, In the
graph, the small circles represent the switching stages and the lines represent
the interstage links. The network graph shows all possibic paths between &
given inlet and an outler. The graph reficcts the fact that there are s
alternative paths for any particular connection, one through cach block in the
sccond stage.

Blocking probabilities in the network may be estimated by breaking
down a graph izto serial and parallel paths. Let



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



136 Electronic Space Division Swilching

Tuble 4.4 Swilch Advantage Ratio in Three-Stage Networks

Number of switching elements; 5
N Single stage Three stages 4
128 16,384 B 152 2
2,048 4 million 1.5 million 8
83,1592 i million 4 million ! 16
32,768 1 billion R million | 12

As the value of NV increases, we get relatively better savings in the number of
switching clements. Bul the actual number of switching elements still
becomes impracticably large for large values of N, For example, a 30,000-ling
nonblocking exchange needs about 3 million switching elements,

The number 15 unmanageable even in blocking exchanges. Further
reductions in the number of switching elements are possible by vsing even
higher aumber of stages than three.

4.9 n-Stage Networks

A variety of ways cxist in which switching networks with four or more siages
can be construcied. A description of all such networks is beyond the scope of
this book. As an illustrative example, we discuss a five-stage network shown
in Fag, 4.27, This actwork is formed by replacing cach block of the centre
stage of the network shown in Fig. 4.24 with a three-stage netwark, There are
rinlets to a block in the centre slage of the nefwork in Fig, 4,24, These are
now ferminaled on the three-stage neiwork in Fig, 4,26 ihal replaces the
block in Fig. 4.24, The r inlets are distributed among the f Blocks shown s
Fig. 4.26 with [r/r1) inlets per block,

In order to compare the reguirements of the swilching ¢lements in the
case of three-stage and five-stage nelworks, let us assume that the
three-stage network is realised with optimum number of square blacks in
cach stage so that the mmm:um number of swilching elements are used,
Taking a specific example of ald anbaceibers, for the three-stage network,
from Eq.(4.18) we have the relations

s=16x2",  p=128 r=125

In order to maiotain the same level of blocking performancs for the
five-stage actwork as the chree-stage network, let us azsume that the cenire
three stages of the five-stage network are designed 1o be npnblocking and
cstimate the pumber of swifching elements:

Switching element in the first stage = 2 % 2" % 27w 27
Swilching elements in the last stage = 2*
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15.

16,

Determing the design parameters of a three-siage switch with inlet
utilisation of 0.1 to achizve & P = 0.002 for (a) N = 128, (b) N = 2048,
and (¢) ¥ = 8192,

Using the Lee grapk, show that the hlocking probebility of a five-stage
nerwark is given by

Pp=[1=(1=ap’[i-{1-(1-aday}
where 2 = a(pis), o3 = a1$.n is the probability that an input line is
active and r, ry and 5; have the same significance as in Fig.4.27,
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O-Ff Hz to pass. If f; is less than twice &, portions of PAM signal spectrum
will overlap as shown in Fig. 5.1(c). This overlapping of the sidebands
produces beat frequencies that interfere with the desired signal and such an
interference is referred to as allasing or faldover distortion, It may be noted
that aliasing 1s a phenomenon common to all sample data systems. As men-
tioned earlier, tall quality speach is band limited to 300-3400 Hz to conserve
bandwidth while maintaining intelligibility. To digitise this wave-form, the
mininym sampling frequency required is 6.8 kHz to avoid aliasing effects. In
digital telephone networks, speech is sampled at 8 kHz rate, In this contlext,
the filter used for band limiting the input speech waveform is known as
antiallasing Miter. It may be noted that for 3.4 kHz cot-off frequency, 8 kHz
sampling results in oversampling, This oversampling provides for the
nonideal filter characteristics such as lack of sharp cut off. The sampled
signal is sufficiently attenuated at the overlap frequency of 4 kHz to ade-
guately reduce the energy level of the foldover spectrum.

5.2 Quantisation and Binary Coding

Pulse amplitude modulation systems are not generally useful over long
distances, owing to vulnerability of the individual pulse amplitudes to noise,
distortion and crosstalk, The amplitude suscepiibility may be reduced or
eliminated by cooverting the PAM samples into 8 digita! format, thereby
allowing the use of regenerative repeaters (o remove (rancmission fmper-
fections before errors resubl. A finite number of bits are vsed for coding PAM
samples. With » bits, the number of sample wvalues that can be represented is
2% But the PAM sample amplitudes can take on an infinite range of values.
It, therefore, becomes necessary to quantise the PAM sample amplitude 1o
the nearest of a range of discrete amplitede levels,

The process of quantisation is depicted in Fig. 5.2, Signal ¥ 15 confined
1o arange from I to ¥y, and this range is divided into M (M = 81 Fig. 5.2)
equal steps. The step size 5 is given by

So(Fy=FL {5.2)
In the coentre of each of these steps we locate the gquantisation lewels

Fo, V1, -1 The quantised signal Iy takes on any one of the quantised |

level values. A ugnal & quanstised to its fearest guantization level. The
boundary valees between the steps are equidistant from two quantisation
levels and a convention may be adopied to quantise them to one of the levels,
For example,

Vo= ¥y il (- S2) =V < (¥ +502)

Fo=Fy (M -57) sV<{V,+32)

Thus, the signal ', makes a quantum jump of step size 5 and st any instant
of time the qum:mﬂm error -V, has a magnitude which i equal to or less
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Signal to quantisation noise ratio (SOR) is a good measure of performance
of a PCM system transemiiting speech. If Fr s (he r.m.e valoe of the ioput

piel

tal=

- 52 ] 52
i —

Fig. 5.5 Probability distribution of error due to lincar guantisation.
signal and if we assume (for convenicnce) a resistance level of 1 ohm, then
SQOR. is given by

SQR = 10 log [(3)(5°12)] dB
= 10log(12) + 20log (5} dB
= 10.8 + 20 log (¥,/5) dB (5.4)

If the imput signal is & sinusoidal wave with ¥, as the maximuom amplitude,
SQR may be calculated for the full range sine wave as

SQR = 10log [(F, /I (5%17) dB
= 10 log (6) 4 20 log (V.5 dB
= 7.78+ 20log (V,,/5) dB (55) |

Expressing 5 in terms of Ve, and the number of steps, M, we have
(Va/2)
(VRN MY
= i0log (L3N %) dB
= 20 log (1.225M) dB (5.6)

SOR = 10 log
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N ap p-a [ |/ 55

Compression Linear Linear  Expansion
Fig. 510 The process of companding,

The input signal is first compressed by using a aonlinear funciional device
‘and then a lincar quantiser is used. At the receiving end, the quantised signal
is cxpanded by a nonuniform device having an inverse characteristic of the
compression at the sending end. The process of first compressing and then
expanding is referred to as companding.

A variely of nonlinear compression-expansion functions ¢an be chosen
to implement a compandor. The obvious one is a logarithmic law.
Unfortunately, as is scen from Fig, 5.11, the function y = Inx docs not pass

>
Fig. 511 Function y = Inx.

through the origin. It is therefore necessary to substitute a linsar portion to |

the curve for lower values of x. Most of the practical companding syalems are
based oa a law suggesied by KW, Cattermole. For logarithmic section the
law is

14 Inds 1
Y. d fnrds,rsl (5.9}
and for linesar seciion,
Ax 1
y= T+ 1ls A fnrus,:sd (3,10}
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155 Epeech Digitisation and Transmission

# Nonuniform amplitude distributions

= Sample-ig-sample correlations

# Periodicity or cycle-to-cyele correlafions

# Pitch imterval-lo-pitch interval correlations
# Speech pauses or imactivity factors,

In speech signal, lower amplituds values are more common than the
bigher amplitude values, The power levels of active specch signals tend (o
occur af the lower end of the signal range. There is a strong correlation
between adjacent 8 kEHz samples and the correlation cosfficient i estimated
to be 0.85 or higher, Although telephone quality speech signal requires the
entire 30— 3400 Hz bandwidth, at any instant of time oaly a lew [requencies
exisl in o sound and the waveform tends to exhibit strong correlations over
several samples corresponding (o cycles of an oscillation. A sizeable fraction
of the human speech sounds is produced by the flow of puifs of air from the
lungs into the vocal iract, The mierval between these puffs of air is known as
the pitch interval. Speech waveforms display repetitive patterns correspond-
ing to the duration of a pitch interval in a given sound. There may be as many
as 20 te 40 pitch infcrvals in & siogle sound. Analysis of felephone
conversations bave indicated that a party is typically active for about 40% of
a call duration largely on account of listening to the other party's talk. In
addition, there are pauses in one's specch, All thess propertics of specch are
useful in designing coding schemes (hat reduce the bandwidth requirements
of the channel. In the digital domain significant reductions in bit rates can be
achicved. A number of coding schemes exploiting different redundancy
propertics have been evolved and we discuss some of these in this section and
in Section 5.6,

Delta or differential coding systems are designed to take advantage of
the sample-io-sample redundancies in speech waveforms. Because of the
strong correlation between adjacent speech samples, large abrupt changes in
ievels do not occur frequently in speech waveforms. In such situations, it is
mose efficien] to transmil or encode ard transmit only the signal changes
instead of the absolute value of the samples. Delta moduolation (DM) is a
scheme thal transmils only the signal changes and differentlal polse code
modulation (DPCM) encodes the differences and transmits them.

A delta modulator may be implemented by simply comparing each new
signal sample with the previous sample apd fransmitting the resulting
difference signal. At the receiver end, the difference signals are added up to
comstruct the absolute signal by using an integrator, However, such a system,
being open loop, sulfers from the possibility of the receiver output diverging
from the transmitter input due to system errors or inaccuracies, The system
can be converled into a closed loop system by setting up a feedback path with
an infagrator al the transmilting ead as shown in Fig. 5.14. The integrator
must be identical 1o the one al the receiving end, The difference signal eb}
has only two possible levels. A positive level indicstes that the new sample
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Noise source

representing
unviyiced soomds

Filier
representing the | Synthesised ;
ca effect of mowth, speech
throat ¢ic,
Impulse genersior ‘
representing vodiced
soufnds

Flg. 5.16 Speech model wed in vocoder design.,

Fig, 5.16} for the required duration, The Qfter at the recewver end in Fig, 5.16
implements & vocal tract transfer function, It is constructed by using a bank
of bandpass filters whose input power levels are the respective sub-band
power levels al the transmitting cnd. Seperposicg tbe individual band
outputs along with the appropriate switching of the signal source, gencrates,
in @ speciral semse, the original signal, Recent advances in digital signal
processing {DSP) permit the use of Fourier transform algorithms to
determing the inpuwl spectrum in liew of the bank of analog filiers.

The three or four energy peaks in the short-term spectral density of
speech are known as formanis. A formant vocoder determines the location
and amplitude of these spectral peaks and transmits this information instead
of the entire specirum ¢ovelops.

In addition to determining the nature of excitation (voiced or unvoiced)
and the pitch interval or period, the lincar predictive coders (LPC) also
predict parameters for voeal tract. The vocal tract Bilter {see Fig. 5.16) is an
adjustable one whose parameters are varied based on the prediction. The
LPC functions as a feedback system similar to adaptive DM and ADPCM.
As a result, quality of speech synthesised by LPC is superior to that of the
speech syothesised by the channel or formant vocoders.

5.7 Pulse Transmission

In the earlicr sections of this chapter, we have been considering how analog
signal waveforms are represented in the form of binary digital signals or
pulses, [n this section, we consider aspects relating to the communication of
such pulse trains in practical transmission channels.

Any reasonably behaved periodic funcion gt} with period T can be
represented in the form of a Fourier series:

=02+ i dy 5in (ZTaft)y + i b, cos (Zeaft) (5.13)

ga=] n =1
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164 Speech Digitisation and Thansmission

Ortherwise, the harmonics will nof combine in proper amplitude and phase at
the recemver with the resolt that the reconstructed waveform will be distosted.
Measurable transmission line parameters corresponding (o thess two pre-
ceding requirements are attenuatlon constant 4: and phase veloclty Fp.
Another source of distortion is the reflection of the transmitted wave by the
transmission linz. The related parameter for this is the characteristlc
Impedance Zg of the line,

The phase velocity ¥, is a measure of the speed of wave propagation
glong the transmission Iml: in meters per second. Ideally, it should be
costant for all requencies to avoid phass distortion, When it 15 nol, ceriain
frequencies may be delayed so much that they inferfere with frequencies
corresponding to later pulses. This is known as intersymbol Interference.
The attenuation constant.A. is o measure of the loss of the signal power per
meter of the line length, A constant 4, valee for all frequencies would avoid
amplitede distortion, The characteristic impedance £, is the inhereat
impedance that is presented to the signal by the transmission line. If the
source and load impedances are cqual to the cheracterisiic impedance, there
is no reflection of the wave from the load, and hence there is ao distortion,

In a transmission line, resistance, induciance and capacifance are
distributed along the entire length of the kine. For purposes of analysis, the
distributed parameters are lumped usually over a distance of one meter and
in equivalent gircuil formed as shown in Fig. 518 R, represeats the series

B2 fak .

- CLIS A (e ST
i ER, o= ,, % —_—
w2 | o |
IH 1

T #
Corresponds 10 one loop meler
Fig: 518 Equivalent circuit of a trapsmission line.

resistance of the conductors, B, the leakage resistance of the nsulation, ©
the capacitance formed between the two conductors and L the induciance.
R, and L are valees corresponding 10 ooe loop-meter and RF and C are
values corresponding to ong running meter of the transmission line, Based on
the equivalent circuit shown in Fig. 518, the general expression for Voo A
and Zg may be developed. But these are rather complex functions of Ry, R,

&, L and frequency. However, for practical purposes, we may consider three
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numher of bits i, that can be transmitted reliably depends on the rraqlunn:r
tolerances of the clocks, The end of transmission is signalled by 1,
stop biis, The oumber u:pf:.t-np bits depends on the receive side nqmpmmt
The stop bits provide the mimimum buffer period required by the recsive
cquipment between two successive tramsmissions, Electromechanical
devices require longer buffer periods than the electronic ones, In
asynchrooous transmission, which is also known as stari-stop transmission
for obviows reasons, the b stream lengih is wsually eight bits corresponding
to a character. Hence, this transmission is often termed as character mode
tramsemission. Two additional bits, one start and one stop bit for every cight
biis represenis o 25% (ransmission overhead. Therefore, it is aof economical
to transmit large volume data using asynchronous mode.

Symchronous transmission cuts down the transmission overhead by using
a single clack for both transmission and reception as illustirated in Fig. 521,

Daita
Tx Rx
reglater /J’/ Tegister
Clock
Clock W ]'I:ﬂl!-lll!-l’ﬂ.‘tﬂ[

Fig. 521 Svnchronous transmission.

Here, the transmitter clock is seat to the receiver which uses the same clock
to sample the incoming data. Simple but an cxpensive way of sending the
clecking information to the receiver is to use a separate channel for this
purpose. Alternatively, symchronous receivers can be equipped with special
tuned cironits that resonate ot the desired clock frequency when exciled by a
received pulse or special phase locked loop (PLL) circuits that are capable
of deriving the clocking information from the data itsell,

The key 1o extracting clock from the dada is in the signal transitions that
ecocur in the data, If the signal is a continuous *1" o 0 for a suihiciently long
time, the clock extraction process suffers and the receiver and transmitter
may go ol of synchroaism, A number of echniques have been developed 1o
enswre adequate density of signal transitions in the data transsitied in
synchromous mode:

L. Restricting the source code
2. Use of dedicated timing hits
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Fig.5.24 Walsh codes.

components in the spectrum. The low frequency component is also
insignificant as seen from Fig 5.25(b). The code has some inhereat error
detection feafures. Errors resull in AMI rule viclation, which can be
recognised at the recetvng end. Deliberate viclation of AMI rule can be
made tv send some conirod information from the transmitter to the receiver,
AMI coding reselves two tmportant problems encountered by many other
bipolar codes. Firstly, there is no d.c. component in the transmitted signal
and bence the phenomenon of de wander is absent. Secoadly, excellent
timing information is available for continuous ones along with error deteg-
tion capability, However, the code fails to provide timing information when
@ long serics of 2eros are transmifted,
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In TDM, capacity allocation may be done cither bitwise or wordwise. In
hitwise allocation, each sovrce is assigned a time slot corresponding to a
single bit and in wordwise allocation, a time slot correaponds to some larger
number of bits {often & bits) referred to as o word. The two allocation
technigues give rise to two differeat TDM frame struciures as shown in
Fig. 5.27. In ong case, the frame size is equal to the sumber of channels

Frame
|_

123 4 (1 (2]3([4]1

(a) Bit inferleanng

d j4 1 [Ty p2)212 213 |3 |33 (4|4 [|4]4

(b} 4-bit word interleaving
Fig. 5.27 Four-channc] TDM frame structures,

multiplexed and in the other it is equal to the product of the word size and
the mumber of channels. Bitwise interleaving is natural if delta modulator
coders/decoders (codecs) are used and wordwise interleaving is natural if
POCM codecs are wsed for digitisation. It may be recalled that in dclta
maoddulstion, the coder produeces a il-by-bit outpet represcating the slope
variation whereas in PCM, sampled value i3 ouipuor a2 an 8-bit quantity, The
bit rate of a TDM stream should be equal to or greater than the sum of the
bit rates of the individual channels.

Having formed a frame by bil imterleaving or word imterleaving, it is
necessary (o have a mechanism 1o synchronise the frames at the transmiifing
and the recciving end, 1.2, the starl of the frame must unambiguously be
idemified at the receiving end, Frame synchronisation may be done in a
number of wavi. In all the ways, there are one or more framing bis with aa
identifiable data sequence. Frame bits may be added additionally to data bits
or some of the data bits may be used as frame bits. For example, in Bell
Systems T1 channel frame, an additional bit is introduced for every frame
which alternates in value. The T1 channel structure maltiplexes 24 channels
and hence the frame has a length of 193 bits (24 x § + 1) In ooe of the early
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10.

1L

iz

Speech Digitisation and Trensmirsion
EXERCISES

The threshold of hearing or the reference level for l|:|l: ml.nlmurn
discernible souad is internationally agreed upon as 107 Wim®. The
threshold of pain is 130 dB above this threshold of hearing, What is the
aciual power level at the threshold of pain?

The kuman car kas logarithmic response characteristica. How would &
person perceive the change in lowdoess if he moves from a quiet
residence which has an intensity level of 30 dB to an office with a level of
60 dB and an airport with a level of 120 dB?

List and discuss at least five advantages of digital transmission of speech
over analog (ranamisiion.

What i the minimum sampling frequency required for a signal with &
frequency range of d.c. 15 kHz if it is (a) band limited between 1 kHz
and 10 kHz, {b) passed through a low pass filter which has a cat off
frequency of 5 kHz

The tone geaseated by push batton 3 of a DTMF 1elephone is sampled
at 1.6 kHz and passed through a PAM decoder which has a ‘cut off
frequency of B0 He. What frequencies will be preseat at (ke output of
the PAM decoder?

How much does the 30R of o uniform PCM encoder improve when one
bt is sdded o the code ward?

If a minimum SQR of 33 dB is desired, how many bits per code word are
required in a linearly quantised FOM system? [

A T-bit uniform PCM system has a bit rate of 56 kbps. Calculate the SQR |
when the input 15 a sing wave covering the full dynamic range of the
systenk Caloulate the dyramic range of the sine wave input iF the SQR is

i be af least 30 8.

IF u lingar POM system is to have o minimum SOR as in the frsg segment
of A-law companded PCM, caleulste ihe number of bits required per
sample, Assume a dynamic range equal to that obiained between the
first and the cighth A4-law segments.

What is the dyoamic ranges provided by a vniform PCM encoder with
12-hit code words and & minimuem SOR of 40 487

A PCM encoder using A-low has a dypamic range of £2 V. Delermine
the code word when the inpat signal i35 (a) =120 mV, (05 % () <1.5
v, (d) L8 V.

For Problem 11, determine the input sigral valuc if the code word is (a)
110 1001, and (k) 1001 1011.
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(b) Two-stage eqaivalent.
Fig. 6.1 Simple PAM time division swiching,

and 1 ® N switching matrices for the first and second slages respectively as
shown in Fig. 6.1(h), The network has one link inferconnecting the rao
stages. Each inlel/outlzt is a single speech circuit corresponding to a
subscriber line, The speech iz carried as PAM analog samples or FOM digital
samples, occurring at 125-us intervals, When PAM samples are switched in
a time division manner, the switching iz known as analog time divislon
switching. If PCM binary samples are swilched, then the swilching s known
as digital time division switching. In Fig. 6.1{a), the interconnecting hink is
shown as 3 bos to which a chosen inlet-outlet pair can be connected by a
suitakle contral mechanism and the speech sample tramsferred from the inlet
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(ime o read the control memory

time to decode address and select the inlet or outiet as the
cas¢ may be

fimme (o transfer the sample value from inlet to owtles

Fin
fa

1

All time values are expressed in microseconds. Equations (6.1) and (6.2) are
wvalid for a B-kHz sampling rate and a nonfolded network. The clock input to
the moduls-N counter has a rate such that N sample transfors are organised
in 125 microseconds. In other words,

Clock rate = BN kHz (6.3

The output-controlled switches are capable of supporting broadeast connec-
tions, whereas the imput-controlied ones are nol. Broadeast takes place when
afl the control memory kocalions contan the same inlel address, i which
case, the data from the specified inlet 15 transferred to all the outlets,

In the discussions so far, we have assumed thal the speech samples are
transferred from inlel o outlel. In practical telephone comversations, specch
samples have to be exchanged both ways, For thiz purpose, two ndependent
buses may be used on which data transfers ke place simultaneously in
opposite directions. Alternatively, a single bus may be vacd to organiss the
two-way data transfer first in ong direction and theo in the other, Digital
buses, used with PCM samples, vsually support paraliel data transfer and if
the incoming data is in serial form it s passed through a serial-to-paraliel
converter before being fed to the bus, Similarly, a parallel-to-serial converter
is reguired on the output side.

The input or output-controlled configurations can be wed (0 support
folded network connections. Intercstingly, these configurations, with a single
bus, support two way {ransfers for folded networks, To illustrate (his, Lot us
consider a connection between subseriber 4 and subseriber 27 in an iopot-
controlled switch. The control memory location 4 contains the valoe 27 and
the location 27 contains the value 4, When the subscriber ling 4 is scanned,
by the cyclic control, the inpul sample from the #p (iransmit) ling of the
subscriber 4 is transferred to the Arg (receive) line of the subscriber 27,
‘When the subscriber line 27 i scanned, the mnput from the line 27 is trans-
Terred to the g ine of the subseriber 4, Thus, data samples are exchanged
both ways in one 125-us cycle, When the switches are operated in this
fashion, the Egs. (6.1)-(6.3) apply to fokded networks as well,

The fact that only M2 simultsneous conversations are possible 1o o
folded network can be used o arrive at another switch configuraiion with
only V72 control memaory locations, In this case, ao cyclic control is podsible
and both the input and output are memory controlled. But before discussing
this configuration, we take a look at the design parameters of a time division
space switch and compare the same with that of a space division switch. The
definitions of the design parameters of & switch have been given in
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Fig. 6.5 Basic time division time switching.

1. Sequentiial write/random read
2, Randem write/sequential read
3. Random input/random cutput.

I the first iwo methods of control, the sequentalirandom readiwrile opera-
tiond refer 1o the readwrite operations associated with the data memory. In
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jg—— Phase 1 ——Phase 2 —
DM read DM write DM read

e e e e o

| L1

I e ee
CM read
—)|t_— 125 ps cycle “
|
Fig. 6.7 Owverlapping of data memory write and control memaory
read operalions.

nonblocking, If we have & scheme whereby only the active subsenibers are
scanned, then the total number of subscribers connected to the system can bz
increased significanily,

Random inputfrandom output form of control permils & larger number
of subscribers than the switching capacity of the system. The switch in
this case is, however, blocking in nature. The random input/random output
scheme is llustrated in Fig. 6.8. Functionally, there are two control memary

I Q
- |;- " DM L] I: [
- 7 . L] | ]
o " SC words " » .
1
&
5

\ Counter

CM1 Chi2

£C words SC words

Fig. 6.8 Random inpul/random oulpul time swilch.

modules, CM1 and CM2, which hold the addresses of the active inlets and
outlets respectively. There 15 a one-to-one correspondence between the
locations of ihe two costrol memaories. If the address of an active inlet is
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taken oul of the occupicd list and wice versa. The aclions invoived in these
operations are:

1. Allocate a location from the free list to the occupicd list

Location to be allocated, F = coateats of FLP

Contents of FLP = pointer in location F
Pointer in location F = cootents of OLP location F
Contents of OLP = location F

Figure 6.9(b} shows the status of the lists after the first location in the free list
is moved to the occupied lst. The free list now. is 9-3-10-5-4-1 snd the
occupied list is 7-2-11-12-8-6.

2, Free the location X from the occupied list and add 1o the free bt
Fointer in the predecessor ol X = poiater in X
Pointer in X = gontents of FLP
Contents of FLP = X

Figure 6.9{(c) depicts the list status after location 11 ic freed from the nocu-
pied list and added to the fres list. The new free list is 11-9--3-10-5-4=1 and
the oceupied list is 7-2-12-8-6.

6.3 Time Multiplexed Space Swilching

In Sections 6.1 and 6.2, we dealt with time division switches where an inlet or
an outlet corresponded to a single sabscriber line with one speech sample
appearing every 125 us on the line, Such switches are used in local exchanges.
We now consider swilches that wre required in (ransit exchanges, Here, the
inlets and outlels are trunks which carry time division multiplexed data
streams. We call such switches tme multiplexed switches. In this section, we
consider time multiplexed space switches and in Scction 6.4 we discuss time
multiplexed time switchas,

A time multiplexed time division space switch is shown in Fig. 6.10.
There are N incoming trunks and & outgeing trunks, cach carrying o time
division multiplexed stream of M sumples per frame. Each frame is of 125-us
time duration. In one frame time, a total of AN speech samples have to be
swilched, One sample duration, 125 microscconds, is usually referred (o
as a tlme slot. In one time slol, ¥ samples are switched. Figure 6,10 shows an
cutput-controlled switch. The output is cvclically scanned. There is a 1-to-M
relatipnship between the outlets and the control memory locations, i.e. there
are M locations in the control memary corresponding to each outlet.

The control memory has MN words, IDwe view the control memory as A
blocks of & words cach, a location address may be specified in a two
dimensional form, (i, j ), where { is the block address and § is the word witlin
the block. We have 1 =i = M and 1 =j = N, The block address ¢ corres-
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Fig. 6.16 Parallel-in/serial-out configuration.



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



116 Tirre Division Switching

A time-space switch is shown in Fig. 6.18. The firel stage consists of one
time slot interchanger per inlet and the second stage a N x N space switch.

i =

ﬂ.‘il

!u"il : N TSL\.
g = | 2 Dy

Fig. 6.18 Two-stage TS5 swilch,

1 [ ]
.
[
|
Iy, e
. 1
o | 2L || 2 &
Ty —2 * 0
- NN I
X -

The control memories for the TSI and space switch are not shown in
Fig. 6.18, Each tims multiplexed inlet/outlet stream carries M channels. A
subscriber on the input side is assigned o one of the inlets and a time slot in
that ialet, An input subscriber assigned 1o ling 4 af fume slot 7 is identified by
the labe! Jy7. Similarly, a subscriber connected 1o the outlet 5 and time slot &
is identified by Oss. The m‘r-:spun:hng Lime siols are identified as IS4 and |
D 5s5, Suppose thal a communication is to be estublished between thess two |
subscribers. The input sample from I547 is lret moved to T5ss o1 the output
of TSI switch. During the time slot §, a connection is established between the
inlef 4 and the putlet § at the space switch. While this swiich configuration
ensures full availability, it is not soablocking, Consider the two conneclions
o be established between Fi7 and Dz, and £y and Ogs. Both the samples
originate from the same inlet and are destined to the same time slof in
different outicts. Both input samples reguire o be switched to time slot 9, '
which iz not poasible, Oaly ong of thems can be switched to slot 9. In general,
blocking occurs if two inputs fij and g are destined to outputs Opg and Q.
In other words, it is only possible to set up a single connection betwesn any
of the subscribers on an inket and sny of the subscribers connected to the
same time slot on the output side.
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M

Fig. 621 FProbabiliy graph of a TST switch.

A space-time-space {STS) architecture congists of an N % & space matrix
at ibe input, an array of &k TSI switches in middle and ak x N space matrix at
the output as shown in Fig. 6.2Z. In this architecture, the choice of input and

M alodrame M sboms Trame
TSI, .1
o :
1 TSI, iy
2 — 2
a
Now ke » ke i
L § L
[ ]
- -
N o— e g L

N/

Fig. 6.21 A 5TS switch.

owlput time shots is fixed for a given connection. But the Mexibility is provided
by the ability to utihse any free TSI switch by space switching on the input
and the ouwtput side. There are as many alternative paths for a given
connecting as there are TSI switches, For example, T may be connected to
&1 by passing through TS13. The sequence is as follows:



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



Time Divirion Switching

114

adens aseds pue swe) 59 poN £y S

vl L L @
o F1 BTEAEEL gy QLENOCT || of7wosT | My - Ll e
5 | s | |st s FS NG s WS 871" WL 3
1 H H - e | 5
iy 0 ¥
L] - L ] L L ] L
[ 3 [ ] L ] [ ] [ ] w
L] [ ] - - [ ] L ]
! [ L, 9
g | FixEI B fpocgeest | esgmecz e —| wxg [ el A
S| | UL || s 1S IS 'S w
H — a

E e L

[ I o, 5L 0 0
Kl Iﬂ __.__

/ ML H
f
\/ /

Yi {

#0[E awn g7y {
SIS N (7]



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



228 Time Divirion Switching

15. A TSSTSST switch supports 1024 trunks cach carrying 128 channels.
Determing the basic clock rate of the switch if the input channels were
1o have 0% altersative paths, The T stages are symmetrical. Is any
useful purpose served by the middle T stage? Explain.

16, In n-slage combination switching a trade-off between blocking pro-
bebility and time delay is possible. Explain.

17. Is TS nework nonblocking? Explain.
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The propagation of light aloog an optical fibre may be described in terms
o a set of guided electromagnetic waves called the modes of the optical
fibres. Each guided mode 15 a pattern of electric and magnetic feld nes
which is repeated along the fibre at intervals cqual to the wavelength, Only a
certain discrete number of modes are capable of propagating along the
waveguide (fibre), depending upon the geometry of the fibre. The physical
dimension and the configuration of (ke fibre may be chosen such that only
one mode propagates through the fibre or many medes propagate.
Accordingly, ibres are classified a5 single mode Abres or multimode fbres.

Mode types and refractive index types together give four different types
of fibres, as shown in Table 7.1, OF these foar, only three are practically

Table 71  Fibre Types

Fibre Single mode  Multimods
Step index v v
Graded index X v

realisable, Restricting the propagation to a single mode demands that the
core dimension is relatively small. When the core dimension is small, it is
difficult to introduce graded refractive index. As a sesult, the graded mdex
single mode fibres are not practicables as techaelogy stands today.

The physical dimensions and the values of the refractive indices for
commonly used telecommuanication fibres are shown in Fig. 7.3, The core
diameter used for single mode fbres lies in the range of 3-12 pm, and the
diameter of the cladding lies in the range of 100-125 ym, A muliinode fibre
has a core diameter of 50-200 gm and a cladding diameter of 125-400 pm.
The refractive indices of the core and cladding are related by the expression

3 = mil — A) (1.1

where
iy = refractive index of the cladding

my = refractive index of the core

A& = a constant known as index difference
Eeyond the cladding and the sheath, the refractive index is that of the air
which has a value 1.0. From Eg. (7.1) the core-cladding index diflference is
Eiven as

(72}

In the case of a graded index Gbre, the most commonly osed law for

varving the refractive imdex from the centre (o the surface of the core 15 a
power law which is stated as
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Fx Dpdical Fibre Systerns
fibre 4,. For simplicity, we consider oaly plane waves that are polarised
normal to the rellecting surface, Fhase change due to reflections is given by
rr]'{::n!‘-' - 1]-‘:'

d =2 arctan T (7.9)
whers o = minz.
Phase changs due to travel along the fibre is given by
4, = mgks 17.93)

whirs
& = propagation constant in freg space
4 = distance travelled by the wave along the cay

In order for a plane wave (o propagate along the fibre, the phase of the
twice rellected wave must be the same as that of the ingident wave, In Fig, 7.6,
the phase must be the same at points 4 and C, If this is the case, the wave
superimposes constructively with iiself, Ciberwise, the wave interferes with
itself and dies out. Therefore, the phase shift between the points 4 and C
must be an integral multiple of 2x for proper propagation through the fbre.
Thkere are two refraction points, 4 and B, and a travel of two distances, 45
and BC, between the points 4 and €. The distance 4B = BC = dfsin gy,
Therefore, from Eqs. (7.9) and {7.9a) the total phase shift i obtained a5

28 kel
2 = 23, 4 — (7.10)
s1m gy
where M is an integer that determines the allowed ray angles for wave-
guiding.

In multimode fkres, light rays belonmng to different modes take diffe-
rent paths for travel and hence take different times to reach the destination
end of the fibre, A light ray that propagates siraight down the axis of the fibre
takes the least amount of time, and a light that sirfkes the core-cladding
interface at the critical angle takes the longest time to reach the other end of
the Mibre. As a reault, light rays representing & pulse of light energy resch the
far end of the fivre at different times and cause spreading out of the pulss
energy. This is called modal dispersion or pulse spreading, The difference
between the travel imes of the fastest and slowest light rays is called pulse
spreading constant & and is wseally expressed in nanoseconds per
kilometre. Modal dispersion in optical fibres is analogous to phase distortion
in copper cables discussed in Section 5.7, and can lead (o inlersymbol inter-
lerence. Pulse spreading also results in amplitude reduction at the far end,
giving rizs (o a power logs.

The refractive index of a materialis wavelength dependent, Il some light
energy consisting of different wavelengths is lauached inte a Gbre, the diffe-
renl wavelength companents will travel through the fibre at different speeds,
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of the valence band, The recombination process must conserve both ensrgy
and momentum. The energy band diagrams shown in Fig. 7.7 are plotted
against momentum. In Fig. 7.7(a), the minimum and the maximum snsrgy
levels of the conduction and valence bands respectively have the same
momentum value, Hence, there is a direct recombination between clectrons
and holes, Semiconducior materials which exkibii energy level characie-
ristics as shown in Fig. 7.7(a) are called direct band gap semiconductors. In
Fig. 7.7(b}, the maximoem and the minimum epergy levels occur at different
momentum values. Here, a third particle nust take part in the recombination
process in order (o conserve momentum since the momenium of 2 photoa is
very small. Lattice wibrations in the crystal known as phonons serve this
purpise, Semiconductors that exhibit energy-momenium characterisiics
similar to the one shown m Fig. 7.7(0) are knoan as indirect bund gap
materials. Optical sources, both LEDs and ILDs, are constructed using
direct band gap materials.

7.3.1 Light Emitting Diodes

In erder to achieve a high radiance and a high quantum cfficicncy, it is
necessary to confine the chorge carriers {elecirons and boles) and the optical
cmission to the active region of the p-n junction. Carrier coalinement
achicves a high level of radiative recombination. Optical confinement pre.
wents absorpiion of the eniutted radiation by the material surrounding the p-n
junction. A varicty of LED configurations have been investigated 1o achieve
carrier and optical confinement, Of these, the most effective and widely used
struciure known as double heterosiructure is shown in Fig, 7.8, A doubie
heterojunction configuration may be fabricated (o emit light through a
surface or an edge of the structure. The surface-emit type shown in Fig 7.8
is called Burrus type LED. The sandwich structure of Burrus LED is capabic
of confining both the carriers and the optical emission to the central active
region. The differences in the encigy band gaps and the refractive indiees of
acjoining layers conling the charge carriers and the optical ficld respectively
to the recombination layer,

The injected carriers in the p-n junction form and recombine in pairs to
satisfy the requirement of charge acutrality in the semiconductor crystal. As
a result, the densities of cxcess electrons and hales are equal, e.n = p.
When carrier injection stops, the carrier density returns to the equilibrium
value, In general, the excess carrier density decays exponentially with time
according 1o the relation

n =g exp [ — i) (7.12)
where
ay = initial injected sxcess electron density
T = earrier lifetime
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The optical bandwldth is obtained by seiting Plw) = Pp/2. That is,
P2 = Poll + ()]
ie 1+ fwr)? =4, or
ay = V3t {7.18a)

Tt may be noted that the optical modulation bandwidth is apparently greater
than the electrical bandwidth by a factor ¥3. In a practical circuit, the lower
value determines the performance limit.

EXAMPILE 7.3 The minordy carrier recombination lifetime for an
LED iz 3 ns. The d.c. optical outpul power is 320 'W. Delermine the 3 dB .
optical and electrical bandwidth and (he optical power output at 40 MHz.

Solution  From Eqs, (7.18) and (7.18a), we have

1
= = HNKiMH d
T PP % an

g = V3 @, = 350 MHz.
From Eq. (7.17a),

320 1078
1
[1+ (2% % 40% 10%% 5 2 1075

P40MHZ =

_ 320 x 1978
(2573

IIIIUIW

The transicnt reaponse of the LED is limited by the carricr lifetime,
junction space charge capacitance and the diffusion capacitance. If the
amphitude of the step current used o determing the iransient response is
large, the effects of capacitances become relatively small as compared to the

efMect due ta carrier Wetime, Io this case, the rise and fall nmes ¢an be shown
a8

t=1(In9) (7.19)

In an LED, the emiticd power and the bandwidth of operation arc
imversely related. For a gven imjection level, the power-bandwidih product
remaing constant. An attempt to increase the bandwidth resulis in reduced
power emission. Heace, the power-bandwidth product, PBW is an important
factor and can be shown to be:

pew=1 4, {7.20)
q

where
J = current density
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As the charge camiers flow through the semiconductor material, some
electron-hole pairs recombine and get absorbed. On the average, the charge
carriers travel a certain distance known as diffuslon length, before they
recombine. The diffusion lengths, £_ for electrons and Ly for holes, are
related to the respective carrier lifetimes by the expressions

Ly= {'ﬂlrl.fn:rE : Lp- v {ﬂpfp}-} ki)
where Dy and Dp are constants known as clectron and hole diffusion coeffi-
cients respectively,

EXAMPLE 7.4 Inasilicon photodiede, estimate the carrier lifctimes of
:l:a:lmmg given that the diffusion lepgth is 1 gm and the mobility of electrons
is 0,15 m*/Vs, Assume an ambical (emperature of 2T°C.

Solution The diffusion cocfficienis of carriers are related to the carries
maobilities by the Einstein relation as
kT
D=u—
# U

where u is the mobility of carrier, k is the Boltzmann constant and T is the
temperature in degrees Kelvin. Therefore,

0,15 % 1.38 % 10727 % 300
L6x 107"

= &.14x% 10 Y mis

Optical radiaiaon is absorbeed in the sermicondsctor material sccording to the
exponcntial power law

Pix) = Pye™ (7.30)
Px)= Py— Plx)=Fy - (1 - ™% Ly

where
a = absorption coefficient at a given wavelength
Fy = incident oplical power af the starting point

Equation {7.30) gives the radiation power density at a distance x and
Eq. (7.31) provides the radiation power absorbed in the distance interval x.
The absorption coefficlent for a given semiconductor material i & funcrion
of wavelength and rises sharply for lower wavelengths, Equalion (7.26) gives
an upper cutoff value for the wavelength. At wavelengths much lower than
Ay, the material absorption may become significant and hmit the uscfol
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2588 Opiical Fibre Systems
where
£, = permittivity of the semiconductor
A = cross-sectional area of the depletion layer
w = width of the depletion region
It may be noted thal if the depletion layer is wery them, the junction capa-

CIlAnmc: I5 EXCEARIVE.

EXAMPLE 7.6 In ap-i-n photodiode the depletion region has a width
of 10 gm and a cross-sectional arca of 10 pmz. The dinde is connected 1o a
resiative load of 1 kLY. 1f the load resistance and the junction capacitance are
the dominating reststive and capacitive values respectively, determine the
bandwidth of the diode circuil, Assume that the dielzctric constant of the
semiconductor s 1.1,
Soldion
&=k
where
£y = permiftivity of free space = BES x 1072 Fim
k = diclzctric constant of the semiconductor
Therefore,

g, =974 x - ® pFf em

9,74 % 107% % 10
If"i = E
10 x 107
1

A= — = 15.35 MHz
2% 3.14% 107% 9,74x 10

= 9.74pF

T.4.2 Avalanche Photodiode

Signal-to-roise ratio i an imporianl parameler in any receiver sysiem. MNoise
is introduced into o receiver system from external sources as well as by the
components of the receiver system. For example, the dark current of a
photodiode contribuies to the soise in the system. In an optical receiver
systems with a p-i-n phiotedetector, the clecironic noise introduced by the
load resistor and the amplifier circuits following the photodetector forms 2
dominant companent of the total noise, It would, therefore, be benehicial 1o
multiply the signal level within the photodetector itsell. Carrier multiplica-
tion is a fundamental process in avelanche photodindes (APDs). A p-i-n
photodiode converts one photon (o one electron and has & conversion effi-
ciency of kess thon unity. In contrast, one photon of energy reselts in multiple
carriers in the case of APD. Obviously, there s a gain & associated with
an AFD.
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The carricr multiplication process is not itself free of noise, Whils on an
average, tach photon-generated carrier leads (o M carriers af the end of the
multiplication process, some carricrs may produce more than M carricrs and
otheors leas than M. This statistical nature of the process introduces further
noise in the system. The result is that while the signal carrent is moltiplied by
the factor M, the r.m.s. noise level increases by a factor MFE where F s the
noise factor, This noise factor 1s always greater than unity and an incroasing
function of M given by

Fa=M* {7.48)

where the index x lies between 0.2 and 1.0, depending wpon the material and
Ahe type of carrier initiating the avalanche.

To conclude, APDs have a distinct advantage over p-i-n photodiodes for
the detection of very bow light levels due (o their inherent carmier mulbti-
plication property. Bul they have several drawbacks too:

1. Their structure is more complex than that of p-i-n photodiodes.

Z. The fabrication is dilficull and hence they are more expensive.

3. Carrier multiplication is a random process and hence introduces
additional noise into the system.

4. High reverse-bias voltages required are wavelength dependent.

5. Multiplication factor is temperature dependent. Hence tcmperature
compensation cirowits are required for stabilised operation,

7.5 Power Budget Analysis

System performance and cost constraints are imporiant factors in any com-
munication system. In Chapter 1, we bricfly described the siructure of an
optical communication system, In the simplest form, a fibre optic communi-
cation system consists of a source with its associated modulator circuits, an
optical fibre, and a detector with its associated receiver circuits.
Performance of the system is evaluated by analysing the link power bodpet of
the system and the cost is kepl minimum by carefully seiecting the system
components from a variety of available choices. Various sources, detectors
and optical fibres have already been discussed in the caslies sections of this
chapter, In this section, we consider ink power budget caleulations.
In a fibre oplic system, optical power lpas occurs doe to

1. source-to-fibre coupling losses,

2. connector loss,

3. aplice loss, and

4, fibre attenuation.
The link power budget should provide for these losses and an additional
power margin 1o allow for component aging and (emperature fluctuations.
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lateral misalignment of the azes of the fibre pieces,
gap or separation between the fibres,

angular misalignment, and
4, 1mperfect sorface finishes.

B

These impairments are iflustrated in Fig. 7.19. Loss due to lateral
displacement s osually negligshle if the fibre axes are. aligned to within

Liss Crap

XA 5P

L

(&} Lateral displacement {b) Gap loss
(¢} Apgular misalignment (d) Poor surface finizh

Fig. 7.19 Comnector and splice losses,

five percent of the diameter of the smaller of the two fibres, Otherwise, the
loss may rum imlo several decibels. Splices are usually made by fusion of the
two fibres. Heace, there arc no gaps in splice joinis. Buil, in the case of
connector joints, the fGbre ends are not made to touch cach other to prevent
damage to them due to robhing while making and breaking a connection. The
loss due o angular displacement &5 negligible if the misalignment is less than
2. The ends of the two joining fibres should be highly polished and should fir
together squarely, The imperfection tolerance in this case should be vaually
less than 3° off normal to ensure negligible bosues,
Fibre attenuation is caused predominantly by the following factors:

1. Absorption loss
2. Becattering loss
3. Emduation loss.

Absorption loss 1s related to the material composition and the
fabrication process of the fbre. The absorption loss may be caused by the
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214 Traffic Engineering

the period during which the redoced tarifl applics has been changed to begin
later than 1205 hours and one may capect the domestic call pattcrns also to
change accordingly. During holidays and festival days the traffic pattern is
different from that shown in Fig. 8.1, Generally, there 15 a peak of calls

Momber of calls in the hour

it

l:l i 4 7 10 13 16 1% 23
Houwr of the day ————2
Fig. 8.1 Typical telephone traffic pattern on a working day.

arowsd 1000 hours just before people leave their bomes on outings and
another peak occors again in the evening,

In a day, the 60-minute interval in which the traffic is the highest is called
the busy hour (BH}. In Fig. 8.1, the 1-howr period between 1100 and
1200 hours is the busy bour. The busy hour may vary from exchange Lo ex-
change depending on the location and the community interest of the
subscribers. The busy hour may alzo show seasonal, weekly and m some
places even daily variations. In addition to these variations, there are
also unprediciable peaks caused by stock markel or money market actiaty,
weather, natural disaster, infernational events, sporting evenis ete, To take
into account such fluctuations while designing switching oetworks, three
types of busy hoars are defined by OCITT in its recommendations E.a:

1. Busy Hour:; Continuous 1-bour period hving wholly i the time interval
concerned, for which the traffic volume or the number of call attempts
i3 greatest,

2. Peak Busy Hour; The busy hour cach day; it usually varics from day
to day, or over 3 number of days,

3. Tlme Consistent Bugy Hour: The 1-hour pericd starting at the sane
time each day for which the average traffic volume or the number of
call attempts is greatest over the days under consideration,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



278 Thaffic Engincering

gencrated by the subscribers sometimes exceeds the network capacity. There
are two ways in which this overload traffic may be handled: The overload
traffic may be rejected without being seraced or held in a quewe antil the
nctwork facilitics become available. In the first case, the calls are lost and in
the second case the calls are delayed. Correspondingly, two types of systems,
called loss systems and delay systems are encountered. Conventional
automatic telephone exchanges behave like loss systems. Under overload
traffic conditions a wser call is blocked and is not serviced unlbess the user
makes a retry, On the other hand, operator-orienied manual exchanges can
be considered as delay systems. A good operator registers the user requoest
and establishes connection as soon as network facifities become available
withoot the wser having to make another reguest, In data metworks,
circuil-swilched metworks behave as loss sysiems whereas store-and-forward
[(5&F) message or packet networks behawe as delay systems. In the limic,
delay systems behave as loss systems, For example, in a S&F network if the
gqueie buffers become full, then furiber requests have to be rejected.

The basic performance parameters for a loss system are the grade of
service and the blocking probability, and for a delay system, the service
delays, Avernge delays, or probability of delay exceeding a certain limit, or
variange of delays may be imporiant under different circumztances, The
traffic models wsed for sfedying loss systems are kpown as blocking or
congestion models and the gnes ysed for studying delay systems are called
quening models.

8.2 Grade of Service and Blocking Probability

In logs systems, the traflic carried by the network is generally lower than the
actizal traffec offered to the neiwork by the subseribers. The overload tralfic
is rejecied and hence is aod carried by the network, The amount of tralfic
rejected by the network is an index of the guality of the service offered by the
network. This is termed grade of service ((2O5) and is defined as the ratio of
last truffic to offered truffic. Offered traffic is the product of the average
pumbser of calls penerated by the users and the sverage holding time per call,
This is given by Eq, (8.2). On the other band, the actual traffic carried by the
network is called the carded trafie and is the average occupancy of the
servers in the network as gven by Eq. (B.1). Accordingly, GOS 1s given by

.lq. _Al:l

GOS= (83)

where

A = pifered traific
Ap = carried traffic

A = Ay = lost traffic
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282 Thaffic Enpineering

and the ones obained wsing the second method are called ensemble
statistical parameters. The word ensemble denotes the collection of
sources. Figures B.3(a) and 8. 3b) depict the time and ensemble averages of
a stochastic process. These methods of obtaiming statistical parameters of a

Time average

Amplinude ——»
|
|

[ —

[a) Time average

.-"F Ersemble averape

(b} Ensemble average
Fig. 83 Time and enscmble averages of stochastic averages.
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Incoming Traffic and Senvice Time Characterisetion 291

In a system modelled as a B-D process, the termination phenomenon
can be characterised as a pure death process, We obtain & pure death
process from a B-D process by seuting the birth rate equal to zere. We thus
pbtain the equations governing the dymamics of a pure death process from

Eqgs. (4.8) and (8.9} as

dP

d“f!} = gty oy Py o olt) = pePul)  forkz=1 (6.17)
dP

LIPPWAT (8.15)

We can further simplify the behavioar of the pure death process sssuming a
constant death rate similar to the assumption we made wath regard 1o the
biarth rate in the case of Poisson process. We then obtain the governing
equations as

"'r'!:;::"} = @fy o) — Pty forkz] (8.19)
JF;E!} = ulir) for &k =0 {8.20%

The above equations can be solved by assuming sultable boundary
conditions, We agsume that at time ¢ =0 there are N members in the
population, We thens obtain the equations as

dPy(r)

G = WPl —aP)  fer0<k<N (8.21)
:t.P:::r} = = Pl fork =N (8.21)
d:ufﬂ = uf\(1) lork =10 (821
Sobving these equations, we get

Pudry = ™ fork =N (8.24)

M=
Py = Ef,}_ 3 e forbeck<N {8.25)

i—1
Pyliy = :::}:'1} i e ™ fork=0 {8.26)

Egquation {8.25) expresses the probabibity of no termination or death i a
given interval as the population remains at the initial level. This iz nothing but
the probability disteibution of bow loag the system remains in a state withour
a death or termination cccurring. In other words, this is the probability
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Blocking Modely and Loss Extimores 297

blocking probabilities in finite source systems are always less than those for
infinite source systems since the arrmval rate decreases as the number of busy
sources increases. Let

Ay = arrival rate per subseriber
& = mumber of busy subscribers
N = total number of subscribers
& = aumber of servers
The offered traffic {arrival rate) when the system is in state & i given by
Cy = (WN-k}; fork=0=xR
The mean offered traffic rale i5 given by

54 R K
Ew 3 {N—#}.J,Fl=ﬁﬂ.lk;“!’l—.li ¥ &P,

k= k=i
K
=4, (N —Eﬂ kP (8.40)

In Eq. (8.40), the guantity £ &Py represents the averapge number of busy
servers, The carned tralfic in a network 35 the average number ol calls
accepied during the mean service time period. This is the same as the
average number of busy servers sl any given time. Hence, we have

C=4, (N — Ay (R.41}
The alfered tzallic is
A wm Crfy wd it (N —-Ag) (8.42)

When the syslem is in state B, the offered vraflic rate is (& = R34, bug all the
arrivals are rejecied. Therefore, the loat traffic is oblained as

A—dy = (N-RMPgty (8.47)
The grade of service now works ool to be
_N-R {B.a4)
GOS = o2 P

Thus we see for Engest traffic, the blocking probability and the GOS are not
the same, i.e. the time congestion and the call congestion values differ.

We now proceed to calculate the blocking probability. For this purpose,
we analyae the sieady state of the B-D process characterising this model. The
arrival process bas been discussed above, The termination process is the
same s in the case of LCC model with infinite sources, and the termination
rates is given by Eq. (8.33). Sobstituting the values of birth and desth rates in
Eqgs. (8.10) and {3.11), we kave
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36 Traffic Engineering

or
{Mlered izaffic
Mumber of servers

If this condition is pot satisfied, the guewe leogth would become infinite
soomer or later, and the system would never be able to clear the traffic
offered o it. A queuing system is charactierised by & e of 5i% parameters, A
concise &-parameter notation, due to DUG. Kendall, is used to represent
dilferent types of quening systems. This notation uses letters to identify the
parameters, The nolation reads as A/Bfe/Kim/Z. The parameter spocifi-
catzons are as follows:

=< 1

arrival process specilication

gervice time divtributios

nmumber of servers

queue chpacily

aumber of sources (input popualation)
serviee discipling

M3 MO mA
N a nuw nn

The value of the parameters K and m may be cither a finite aumber or an
infinite number. Queve disciphineg 15 the rule wsed for choosing the next
cusiomer 1o be serviced from the guewe, Commonly vsed queve disciplines
include first-come-first-served (FCFS), random selection, and priority based
selection. The parameters K, m and £ may be omitied from the queve
specifications, in which case they assume some delault valoes, For K and m,
the defauit values are infindty, i.c. infinite queue capacity and infinite sources
respectively, The default quewe discipline is FCFPS. The parameter ¢ is a
nopzerg positive finile number, The parameters A and B may assume any
oné of the values shown in Table 8.2, As on example, the queus specification
MDA means a quenes system with Poisson arrival, determiniotic service time
distribution, four servers, infinite queve capacity, infinite sources and FCFS
quens discipline. IEis interesting to note that Kendall's notation may also be
used to represent a loss system where the parameter K has a valoe zero,

When analysing delay sysiems in this section, we assume that infinite
sources exist, infinite queting capabilities exist, and the quene i serviced on
FCFS basis. We assume a Poisson arrival process and concern oursclves wilh
servios Dmes that are exponentially distributed or are constant, These service
time distributions represent the most random and the most deterministic
servace times. Thus, a system ikat operates with some other disiribution of
service times has a performance somewhere between those preduced by
these two distribotions. In effect, we shall model our teleepmmundeation
systems a5 MUMIR and M/D/R quewing systems, An imporiant purpese of the
analysig is to determine the probability distribotion of waiting times and the
associsied mean values, Ofien, the probability that woiting time exceeds a
specified limit is of interest. In particular, the probability that the waiting
time is greater than zero represents the call congestion and hence is of
immediate inlerest,
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Traffic Engineenng

A traffic load of two erlangs is offered to a full svailability group of fe

trunks. {Fuil availabtlity implies (hal thers is no resteiction on the way in

which calls are allocated to pasticular trunks). The average call holding
time 15 three minafes.

{a) What is the probability that no calls arrive during a five-minuate
period?

(&) Determine the value of call congestion,

{2} Consider the case when the trunks are numbered 1,23.4.5 and a call
is allocated to the lowest numbered free trunk always. How much
Irafficis carried by the first trunk?® How much traflhic is carried by the
last pronk?

Assume LCC model.

Between (wo end offices there is an average raffic of 24 edangs. IF
CCITT standard 32-chanemel PCM link is used bebaeen the end offices,
what iz the probability of blocking? How much of trafiic is cicared by
other resources il LOC model is assumed?

With Poisson arrival of iwo calls per minate, what is the probability that
more than three calls will armive in two minutes? What s the time during
which at least four calls will arrive with a probability of msore than 95 per
cent?

A PABX with five trunks supports 200 extensions. Each extension gene-
rates three external calls per B bowr working day. Average call duration
is two mingies, I LOCR model is assumed, what i3 the blocking
probability? What is the offered load?

A PABXY which i3 designed w be ponblocking internaly serves 100
extensions and has four trunk lines. Busy hour calling rate is two. Thirty
per cent of the total traffic is external. Average call holding time i three
minules, What is the probability that an incoming call finds all the fowr
trunk lines busy?

A PABX provides queuing and automatic call back facility for outgoing
calis. If there are 20 culgoing call regoests per kour and if the average
call duration & three minules, how many trunks are needed (o ensure
delays less than 30 minutes for 20 per cent of the requests?

A traffic arrival stream is formed by merging the input from K
independent Poisson sources with source [ having an arrival rate of 4; for
all 1 =i = XK. Show that the merged stream is also Poisson with an arrival

K
rate ofd = ¥ 4
i=1

An exchange uses two small call processors, cach capable of serving
requests that arrive at tbe rate of 15 reguests per second. The two pro-
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Subgeriber Loop Systems 321

Carrier systems employ mulliplexiog techniques and enable all the users
to access the exchange over a single line, Analog FDOM or digital TDM
syslems are used,

Signalling and voice transmission on the subscriber lines requires that
the cxchange performs a set of functions, These functions are performed by
an inferface af the exchange end known as subseriber loop Interface, Some
functions are required in analog networks, some in digial networks and
othegs in both. The complete set of functions are known by an acronym
BORSCHT which standz fog

hattery feed
owervoliage proteclion
fLEging

sapervision

coding

hyhrid

teal

HTawEo®
I I T ]

Funciions B and B are well known, Overvoltage profection deals wath
cquipment and personnel profzction from lightning strikes and power bne
surges, Detection of off-hook condition is & supervisory functon. Fonctions
C and H are exclusive to digital switch interfaces. As we know, digital
switchiag demands that analog-to-digital {A-D) and digital-to-analag
(D-A) conversions and some form of codiog/decoding be done, This aspect
has been discussed in Chapier 5, Subscribers are cobinected to the exchange
via 2-wire circudls, These circuils use a balanced conneclion as shown in
Fig. 2.5. Balanced connections overcome many drawbacks of unbalanced

Exchange | Driver M Receiver]  Subcriber

Fig. 9.5  Balanced circuil conngction,

circuits, The transmission lines have cqual impedances te ground and hence
do nol acl 4% an anlenna ba pick up signals, Since the ground is not part of the
sigmal path, humis eliminated. Differential inputs improve noise Immuenily as
any inferference affects both lincs equally and does not intreduce differential
currenls,

Digital exchanges require receive and ransmit signals on separaie
two-wire circuits, This calls for two-wire 1o four-wirg conversion. Such a
conversion is aormally required fior trunk (ransmizsions in analog cxchanges,
The circuit that performs the Z-wirg 1o 4-wire conversion 1s called hybrid. A
transformer bascd bybrid cireuit is shown i Fig, %0, The main function of a
bybrid is to ensure that there is oo coupling of sipnal from the input to the
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I Telephone Networks
Py = incoming power on the 4-ware arcuit
Py w power reaching the 2-wire circait
Py~ Py = power reflected oo to the return path
or, in terms of signal voltages,

Fa
= (9.5
RL=201og ;- dB }
= 10 log + (5.6)
]
where r, is the refllection eocflicient defined as
_ _ reilested signal (57
© mcident signal

If the two networks are perfectly balanced, then Z, = Z;. Therefore,
from Eq. (9.3} we have

1Z,
RL (balapced)= 20 log - " o

The return loss is infinite, Le. the return signal experiences an infinide
attenuation and hence there is no reflected signal.

EXAMPLE 0.3 In a national transmission system the characteristic
smpedances of the d-wire circuit and the 2-vwire circwil are 1000 £ and
1200 £ rﬂpﬁﬂlﬂJ}' The average phase velocity of the signal in the circuit is
3 % 107 mis. If the largest distance of 4 connection is 300 km, determine the
attenuation to be interted in the circuit,

Sofution  From eguoation (9.3) we have
- 2200
RL =0 leg 200 EdB

00 = 10°
3% 107

Round trip delay for echo = = ) ms

Nio echo suppressor &8 required in this case. From Fig. 99, for a round
trip delay of 10 ms, we oeed about 7 dB loss (o contain the echo. As per
CCITT recommendations, the circuits would have been provided with a loss
of 10 dB 1o contral singing. Hesce, no addinonal attesoator needs o be
inserted in the circuit to control echos.

9.4 Transmission Sysiems

Modern long distance transmission systems can be placed under three broad
categories:
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134 Telephone Nepvorks

isotropically radiated power (EIRP), where the gain of an isotropic antcnna
is laken as 1 or (' dB. To distinguish the gain factor spectfied by Eq.(9.8) from
power gain, this factor is called directive goaio. [l &s important 1o note that
prower gain is more relevant in the case of transmitting antenna and directive
Enim o the case of receiving antenna.

An antenna can be mounted either vertically or honmontally depeading
upon practical convenience, Accordingly, a radiation pattern 1 said to be
cither vertically polarised or horizontally polarised. Since in skywave
communication, the signal reaches the receiver by one or more reflections
from the ioacsphere, the angle of launch of signal into the ionosphere
assumes importance. The path length is determined by this launch angic
which is knoan as the ke=ofT angle (TOA) and s defined as the angle
between the vertical and the line of maximum radiation. For a given path
length and horvrontally polarised antenna, the TOA decreases as the height
of the antenna increases and is given by

TOA= sin”! [ﬁ] {9.11)

where A is the waveleagth of radiation and & is the height of the antenna from
the ground.

Skywave communication is prone to feding which is of two types: general
fading, in which the whole signal fades and selective fading in which caly
some of the frequency components of the signal fade. General fading can
usually be handled by automatic gain conirol [(AGC) mechaniam of the
receiver, Selective lading occurs when the skywaves reach the destination via
two or more paths. Different path lengths lead to phase distortion at the
receiving end. Use of singls side band transmission or frequency modulation,
or restriction of the propagation to only one mode are the methods by which
selective fading effects can be minimised, Selective fading is also known as
miltipath fading.

EXAMPLE 2.4 An antenna has a directive gain of 12 dBi, a radiation
cificiency of 90% and a feeder loss of 3 dB. Detlermine its power gain. Spell
out the significance of the power gain and dircctive gain values.

Solution

Radiation loss = 10 log (0.%) = (0.5 dB
Therefore,
Fower gain = 12 -3 -{0.5) = 85 dBi

The Power gain of this antenna gives an increase in field streagth of
B.5 dB over isotropic antenna and its directive gain vields an improvement of
12 dB in received (/) ratio.
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350  Telephone Networks

By introducing processing and switching on board the spacecraft, dynamic
time domain switching of traffic between multiple beams can be achieved,
thus restocing full coanectivity,

The cost of a satellite communication system is appropriated between
the space and ground scgments. The space segment comprises spacecrafl
and the equipment on board the spacecraft. The ground segment consists of
the carth stalions, antennas, ground control systems, user terminals ete. If the
syslem is Lo serve a small population of ground terminals as in the case of
intercontinental kinks, less investment can be mads in the space segment and
maore in building large antennas and powerful ground stations. On the other
hand, if the population of terminals to be served is large as in the case of
direct broadcast systems, more iovestment i3 (o be made in the space
segment 50 that the cost of the teriinals can be kept low. The preseat trend
is to design more and more of direct-to-user (DTU) systems. This requires
that we kave satellite terminals that are affordabls by every home. Very small
aperlure terminals (VSATs) are a step in this direction. Here, the
nomenclaiure "aperiure’ is used synonymously with the dish diameter. V3ATs
have dishes with apertures in the range of 1-2 m and are designed ta be DTL
terminals.

Small DTU terminals can, however, communicate only with large hubs
and nol direcily amongst them. Direct VEAT-10-W5AT connectivity is not
feasible. Figure 9.24 shows the communication scheme using a large hub and

Fig. 9.24 Two-hop satellite network,

DTU terminals. There is a master carth station (MES) in the configuration
which forms a vital communication link. The antenna of the MES acts as the
large hub (tvpical size 10-30 m) with a high gain. A DTU terminal can
communicate only with the MES antenna. Hence, information from one user
to another is sent via the MES. The information hops taice before it reaches
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single coaxial lines are called) are placed in a sheath, The characteristic
impedance Zy of coaxial lines lies between 50 and 100 2. It is possible to
estimate the ling parameters of a coaxial line from its physical dimensions
and the dielsciric constant of the inselaling material between the
cooductars, The line parameters of a transmission line bave been discussed
in Section 5.7, and we only present the values for a coaxial ling here.
Referring to Fig. 9.25, we have the following values for capacitance amd
inductance:

C = 24! log(d)/d;) pFm

L = 0.46log(d/ds) uHim
where ¢ is the diclectric constant of the irsulating material. Therefore, the
characteristic impedance Zp is given by

1
Zym (LIC)E = % log (dy/ds) @ {9.23h)
The attenuation constant 4, for 3 coaxial cable at an operating band-
widih of F MHz is given by

A.=a+b+¥F +cF dB/km (9.24)

where 2, b and ¢ are constants dependent upon the physical parameters of
the eable, For long haol transmission, two standard sizes are used, The
dimensions of the standard cables and the associnted values of 2, b and ¢ are
presented in Table 9.7, The valpes of phase velocities ¥y are also indicated
for the two cables in Table 9.7 for high frequency (see Section 5.7) assuming
FVC as the insulating material,

Table 9.7  Standard Coaxinl Cables

 , (mmp o {mno a L [ ¥, i)
Size 1 1.2 44 oGS 515 O.dT 1L Ex10f
Size 2 LA 9.3 oy 205 D003 1.8 w 1oF |

Coaxial cables are usually buried at a depth of %0-120 cm, depending on
[rost penetration ia a @ven locality, Bepeaters for coaxial cables are placed
ot uniform intervals along the route. To [acilifate this, cable lengihs are
factory cut sa that the splice occurs right af repeater locations, The repeaters
are of two types: secondary or dependent repeaters and primary or main
repeaters, Main repeaters have independent power sources and are installed
in surface howsing. Secoadary repeaters derive their power from the cable
itsell and are ususlly buried. Fower to the dependent repeaters is supplied by
the main repeaters. A main repeater supplics power (o about 15 sccondary
repeaters in each direction, The repeater spacing is depeadent upon the size
of the cable and the frequency of aperation. For 2.6/0.5 mm cable ar 12 GHz,
the dependeat repeater spacing is 4.5 km,
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Numbering Plan 351

Fig. 928 Indian telecommunication regions.

local, national and international calls. The term ‘local call” here implies a call
within a pumbering area and the erm "national call” a trunk call bepween wo
different numbering areas within the same country. Basically, there are four
possible approaches to dialling procedures:

1. Usz a sangle uniform procedure for all calls, viz, local, sational and
2, Use two differeat procedures, one lor intersational calls and the
oither for locat and national calls.

3. Use three different procedures, one for international calls, second for
national trunk callz, and the third lor Iocal calls,
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limits its capability. The outband signalling suffers from the very limited
bandwadik. Both are capable of having only & small signal repertoire. The
tresd in modern nedwaorks i o provide eahanced signalling Facilities for the
subscriber, the switching system and the telephone administration. Such a
need is met by commaon chaniel signalling which may be implemented in teo
ways: channel associated mode and channel nonassociated mode. In the
Former, the common signalling channel closely tracks the trunk groups along
the eniire length of a connection. In the latter, there s po close or simple
assignment of control chamnels to trusk groups. These modes are illustrated
in Fig. 930, Io the associaned mode of operation shown in Fig. 2.30(a), the
signalling paths for the speech paths A-8, A-C-8 and B-D are A-8, A-C-8 and
B-D respectively, The term “associated signalling’ in the the OC8 should not
be confused with inchannel signaliing, The signailing in CCS associnted
mode is skl done on a separate signalling channel; only that the signalling
path passes through the same set of switches as does the speech path,
Metwork topologies of the signalling network and the speech network are the
same. The advantages of the scheme are the cconomic implementation and
simple assignment of trunk groups 1o signalling channcls,

A CCS network consists of two types of nodes: signalling transfer points
(8TPs) and sigmaliing points (SPs). The signalling transier points (STFs}
usually have a connection with the switching centres although this is naot
essential. Since signpalling originates from the cootrol subsysiems of the
switching centres, these subsystems are referred o0 as 5Ps from the CC8
signalling viewpoint, Signalling point s capable of handhing cootrol messages
directly addressed (o it bul = incapable of routing messages. Signalling
transfer point is capable of routing messages and could also perform the
functions of a 5P

In the nenassociated mode of operation, the signalling informalion may
follow a route that 15 differsot from {be opc taken by the specch path as
shown in Fig, 9.30(b). The signaliing paths for the speech paths 4-8 and 8-C
are A-C-D-8 and B-D-C respectively, The network topologies for the
signalling and the speech networks are different, There is no switching centre
al the point 2 and only & 5TF is present, This approach effers Nexibility as
far as the CCS network is concerngd, The signal messages may be transfesred
Between the two end switching systems via any available path in the CC5
nefwork according to s own souting principles. This, however, demands a
more comprehensive scheme for messape addressing than & needed for
chanoel associated signalling,

A CCS network may wse associated signalling in some constituenl parts
and nonassociated sigralling in olher parts, The lerm ‘quasiassocialed
signalling' 15 used o indicate such an operation, For cxample, if a signalling
path cxisfs between B and O in Fig, 930b), the sepment B-C may wse
associated signallimg, whereas the signalling for the conmection A4-8 i
nonassocialed, Duasiassoctated sipnalling may also imply simplified signal
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In 555, the hine signalling comprises cither a compound of the two VF
frequencies or a condinuous single frequency. Interregster signalling uscs
Z-ou-of=6 MF code. Initially, the system was joiotly developed by UK Fost
Dffice and the Bell Laboratories for dialliag over fime assigned speech
interpolation (TASI) eguipped transAtlantic cables. This was the first
apphication of intercontinental dialling and of TASI equipment. The system
was subscquently specified by the CCITT as a standard in 1964 and has since
found increasing applications in other parts of the world. Most of the
Atlantic, Pacific and Indian Ocean circuits use 555 at present. In view of the
high cost of transocean cables and the consequent need to utilise the cables
as cfficicntly as possible, TASI was considered essential for these cables. The
design features of 555 were dictated by TASI requircments.

The concept of TASI has been bricfly cxplained in Scction 8.5.4. We
elaborate this now a little more. The normal speech activity of a subscriber
on call is about 35 per cenl, As a result, full duplex d-wire speech
transmissaon circuits arce less than hall utilised. The TASI technique altempls
to improve trunk utilisation by assigniog & circuit (o a speech chanael only
when there is speech activity, In this way, a given number of circuits can
support more than double the number of speech channels.

In TASI, cach channel is equipped with a speech detector which, oo
detecting speech, arranges for a circuit to be assigned to that channel. Since
this process of speech delection and establishment of trunk-channel
pesociation fakes definite ime, the speach burst 15 clipped for that duration,
Typical clip duration is abouy 15 ms when a channel & available, It increases
pnder busy traffic condifions when a free channel may net be available
immediately. In order to reduce the extent of inferpolation, a circuif is nod
disassociated from the channe] for short gaps of speech. For this purpose, the
specch detectors are provided with a short hangover time and a circuoit 15
disconnected only when the speech gap is longer than the detecior hangover
time. The digital counterpart of TASI i3 known as digital speech
interpolatlon {DST).

As wilth speech bursts, inchannel signalling information also expericnces
clipping in a TASI eénvironment. This calls for special consideration in
designing signalling systems for TASI emvironment. Unless signals are of
sullicient duration to permit trunk-channel associalion and reliable
recognilion &l the receiving end, there is the likehbood of the sgnal being
lost partially or fully, With pulse sipnalling, it has been determined that a
H-ms duration is required 1o aceount for the extreme trunk-channel
association condition. Allowing for reliable recognilion, a pulse of
B30 £ 20 ms duration i5 considered suitable. Bul, pulse signals of such
lengihs would slow down the signalling process considerably. The pulse gaps
woidld result in the channel being disassociated, thus leading to unpecessary
TAST aciivity, Moreover, fied length pulses cannot take advantage of lightly
loaded conditions when the channel assignment time is low. For these
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e Signalling |
|7 Speech sample ‘
[ oovannny i 4l | o
I O T N O O
12345678 12345678
Frame 1
Timeslat 1 Timeslor 24
Frame 2 Bit 1 onused
Frame 3 Bit 1 used for sigralling as in frame 1
Frame 4 Bit 1 used for frame synchronisation

Flg. %.33 Bell D2 24-channel multiframe PCM signalling strocture.

alignment bits, Le. 193rd bit in each frame, in the odd numbered frames are
used for frame synchronisation and the ones in the even numbered frames for
multiframe synchronisation. The signalling rate is 650 signals per second with
two bits per signal.

The bit stealing in frames 6 and 12 in the Bell D2 system denies the full
gain of B-bit speech encoding, The outslot 30-channe] PCM signalling sysiem
realises the full potential of 8-bit encoding as all the speech samples are
cocoded vsing eight bits. Of the 32 time slots per frame in this system, time
skot 0 35 waed for frame synchronisation and the tme slot 16 for signalling.
Obwviously, one time slor with eight bits cannot suppaort signalling for
30 speech channels in every frame. Hence, a multiframe structure with
16 framies is adopted for signalling purposcs. With this struciure, time slot 16
in cach frame excepl frame 0, carries signalling information for two speech
channels, Thus, 15 time slots in frames 1-15 carry signalling information for
30 channels i every multiframe, With 13 ime slots for 30 channels, four bits
are availoble for signalling information per chanpel. The signailing rate
works oot (o be 300 signals per second with cach signal represented by four
bits. The hirst foar bis of time slot 16 in frame § are wsed for multiframe
alignmear with the bit paters (00, with the remaining four bits unused. To
enable casy recognition, this all-rero pattern is prohibited as 3 combination
of signalling hits in time slot 16 of other frames. This limits the sumber of
signaliing patterns to 15 per channel. Sometimes, this CEPT sigaalling
scheme is referred to as bunched signalling.
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M Telephone Networks

microprocessnr al the base stalion informs the masier processor of this,
which checks with the adjoining cell stations to find oot which one of (hem is
receiving a good (578) ratio at the present carrier frequency of the mobile
station. The call is then transferred to this station in the adjoining cell. The
tramsmil and receive froquencies of the wser terminal are automatically
changed to the values assigned by the new base station. The wwlephone
exchanges directly associated with the call switch circuits (o the new base
station under instructions from the master station. Although the process of
‘handing over' a mobile terminal from one coll to another is an involved one,
the entire process of switching is completed within a few milliseconds such
that a subscriber hardly notices any interruption in the call. There can,
however, be difficulties if data is sent over cellular links as even a bricf break
in {he link can affect data tramsfer,

Cellular communication sérvice is more expensive than regular
telephone service. The celiular mobile units are more complex in design than
the regular telephone instruments as they need wo bave automatically tunable
framsmiibers and receivers covering the entire frequency bandwidth, The
design of the kase stations and the master station is also complex,

A car ceflular unit hos three pieces of cquipment: the ransmission wnit,
the control unit and the anieana. The rransmission unit is usually placed in
the trunk of the car, the control unit is mounted on the dash board and the
antenna is either rool-mounted or wind-shield movnted. The control unit
resembles an ordimary telephone in design. Bescarchers are still looking for
technological advancements 1o reduce the risk attempting to dial while
driving a vehicle. Voice-activated dialling appears to be promising.

The development carrently anderway in the Tield of cordicss phones is
likely 1o further promote the cellular communications, The second
gencration cordless phones, called CT2, wse digital technologics and arc
capable of working with very many CT2 stations which are 1o be established
in railway stations and other public places, It is cxpected that by mid 1995
many CT2 stations will be in operation, variously called phone zose, phone
poini, telepaint ¢ic. In working, CT2 phones send out their own identi-
fication code to the ncarest phone poeint before each call to ensble the
exchange (0 bill the owner for the call, In order to reduce the complexiry
gscociated with the cellular systems, two restrictions are placed on CT2
systems, Firstly, no incoming calis are permitted to CT2 phones, so that the
nctwork docs nol have to keep track where a particular subscriber is at any
point of time. Secondly, once a call is established, a subscriber is not
permitted to move from one phone zooe (o another 40 that there i 0o need
for the infercell banding over arrangements which complicate (he cellular
communications. Although rescarch and develppmeent in cellular systems
have been driven by the urgent need to improve mobile communications, the
use of digital radio links on a very large scale with ordinary static telephome
systems, replacing local distribution cable networks, may well ture out 1o be
the moat significant outcome of this research in the near fulure,
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Dt Transmussion in PSTN: lus

Intercity, infercountry and intercontinental networks are known as
WANs, Based on the communication infrastruciure wsed, they may be classi-
Gied as terrestrind data oetworks (TDNs) or satellite based data networks
(SBDNs). In TDNs, data communicalion ix organised using cables, fibee
optic lines or radio links. A gepsiationary or a geosynchronous satelliie is
used for communication in SBDMs,

A metropolitan ares selwork interconnects computers within a metro-
politan city. Commuaily antcona lelevision (CATV) cables, twisted pair
wires or shielded lines, optical fibres, radio links or line-of-sight (LOS)
optical conumunication links provide the communication medivm for MAN,
The broadband capability of CATV cables permits carrving voice, data and
video simultaneously, Thus MANs are usually multimedia networks.

Local area networks are confined to 4 single building or a group of
buildings generally belonging to the same organisation, Opiical fbres, twist-
ed pair and coxxial cables are used as the communication media for LANs.
Fibre optic networks {FONs) are suitable for both LANs 2nd BMAN: Synch-
roaous oplical networks (SONET) are desigied to operals at high speeds,

LANs, MANs and WANs are genserally intereonnccied in a hicrarchical
manner Lo form a global network as shown in Fig. 10,1, LANS are often

_>| Woile nrea nefwork -I::',__'

R

| i |
[ Metropolitan arca network i

| e

:1 Local area network I'_

Fig. 101 Date network hicrarchy,

connected directly to WANy, particularly in places where MANs are nol
installed or have aot developed well. Apart from the different geographical
coverages, the range of data rates supporied on these networks also dilfers
widely. Figure 10.2 summarises the typical data rates and geographical
coverages for these nelworks,

10.1 Data Transmission in PSTNs

Fublic switched telephone networks and electronic PABXs are desigoed o
carry analog voice signals. They can, however, be used for data transmission
by emploving suitable interfaces. As seen from Fig, 1002, LANs can be
desipned around PABXs, and MANs sround PETNA En these cases, Uhe data
rates are usually limited to o maximum of 64 kbps, Terrestrial data networks
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(b) R = Ry2

1 1 1 1 0 @& 0 0

(¢} R = Rpid
Fig. 10.4 Baud rates and bil rates.

using additional signal levels, say 16, the effective bil rales may go up Lo
9.6 kbps, The techaiques of using additionzl signal levels 1o increase the bat
rate arg the ones used in the design of modems.

10.1.2 Modems

Amplifude, frequency and phase modulation are all vsed in the design of
modems. In amplitude madulation, zeros and ones are represented by two
different voliage levels, A signal wavelorm 5(f), called baseband signal, 15
generafed from the digital data, This is then multiphied by a sinusoidal
carrier, say cos (2l ], (o generale a modulated signal

mir) = #{t) cos (Zrfye ) {10,3)

At the receiver end, the modutated signal i again muehliplicd by cos (2ofor],
viclding a received signal
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Link-to-link Layers 421

In addition, AFI also identifies the formal and type of address present in
the initial domain dentfier (101} Geld and the domain specific part {35F).
Binary and packed decimal formats are gencrally supported. 1DI and DSF
types may include FSTHN aumbering, packel switched network mumbering,
ISDN numbering, telex numbering and other similar numbering schemes.
The full 3AF address is of variable length, wp to 490 decimal digits or 20 bytes,
An impartani objective of SAP addressing format is te cnable coavenicnt
internetworking.

051 reference model proposes a geperal layvered concept, with provision
for adding or deleting layers as demanded by factors like service complesaty,
technology options eic. Taking into account the functions required of the
archileciure for organising compuaier communication in the present day
conlext, Sub Commitiee 16 of the Technical Commttee 97 {TCOTSCUE) of
150, bas recommended a T-layer archifgcture, which is shown in Fig, 10017,
In ihe fgure, iwo end systems that communicate with cach other via bwo
ictermediate systeems are shown, Only the first theee layer [unctions come
into action in an intcemediaic sode, Entitics in these layers always
communicate with peer catitics in the adjacent system. In other words, in the
first three layers, the communication procesds on a link-by-link basis. In
conirast, entitics in layers 4-7 communicate with peer entilies in the end
systems. There is no communication with entitics in the intermediate
systems. In this sense, lavers 4-7 are often calied end-to-end layers. The
T-layer archilecture has been afmved at after a careful apphcation of a broad
set of layering principles. The important pranciples arg:

L. Create layers to handle functions which are manifestly different in the
process performed or echoology invalved,

2, Collec similar functions isto the same layer and creaie o boundary af
a point where the number of interactions across the boundary are
minimizsed,

3. Creale a layor of easily localised functions so that the layer could be
totally redesigned and iis protocols changed in & major way to lake
advantage of new advances in architectures, hardware and software
technology without changing the services offered or the imerfaces
with the adjacent layers.

Sections 114 and 11.5 describe the lunctions performed, services
affered, and the profocols wsed by cach of the seven layers,

104 Link-io-link Lavers

The first three layers, viz, physical, data fink and network layers, form the
link-to-link layers of 051 reference model. Entties in an OS50 layer pecform
certain functions to fullill the stated purpose of the layver, They ablain
services from the immediate Jlower layer and provide services to the
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Link-to-fink Layers 433

any routing or congestion control alporithms and they sre laff as imple-
mentation dependent features. We briefly discuss some of the generic
routing and congestion control stralegies here, Rosting strategics may be
classified as shown in Fig. 3024, Rowling algorithms may be deterministic or

Routing sirategies
I |
D-:tﬂ'lminlsril: Swechastic
[ 1 I 1
[ D CC nc
Fors AorD F A F A F A

OC = centralised contral DC = dimiributed conirol F = fixed
8 = stalic A = adapiive D = dynamic

Fig. 1024 Classification of routing algorithms.

stochastic in nature. Rouling decisions may be taken centrally by collecting
global information from the network or in a distributed fashion based on the
local conditions. Finally, cach strategy may use a fixed criterion or adapi
itself to varying network traffic conditions. A routing algorithm that uses &
precomputed route from a given node to another is 3 deterministic,
distributed, static algorithm, IT the route changes, say with Gime of the day,
ong may call the algosithm dynamic bot sill deterministie, If the routing
information is computed by o central node based on the keowledge of
netwark topology etc. and distributed to odther nodes, then it iz centrally
controlled. If the route & chosen bascd on some probability calculation, say
& random number, the algorithm is stochastic 1n nature.

A pumber of measures may be used in assessing the performance of a
rouling algorithm:

1. Minimum delay
. Minimum numhber of intermediale nodes or hops
. Processing complexity
. Signalling capacity required on the network
. The rate of adaption in the case of adaptive algorithms
Fairness (o all types of traffic
. A reasonable response Gme over a range of traffic intcositics

Robustness: the ability to reach the destination even when parts of the
network fail

9. Stability: the ability to reach the destination guickly withowt wander-
ing.

O w1 % LA B s B



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



Loval Area Networks 451

4. A LAN adbering 1o a cortain standard permits multiverdor systems
to be connected to it. Thus, a user is oot committed to a single vendor.

5. In LAN, the systems are gencrally so chosen as to meel most of the
user reguirements locally and the netwark is used oaly for resource
and information sharing purposcs. Due to this, cach user gets a better
response than would be the case in a centralised system. LAN tends
Lo exhibit an improved performance.

6. LAN offers Mexahiliny in locating ihe equipments, Most computers on
g LAN arc physically placed at the wser table, whick it mosg
convenient for working and improves the productivity significantly.

LANSs also suffer [rom certain disadvantages:

1. The imcremental growth may lead te uncentrolled growth and may
ultimately result in mors investment than would have been the case
with a centralised system.

2. LANM standards offer many options. Although systems from different
vendors conform to the same standard, options cxcrcised may vary
from vendor to vendor with the result the interoperability is not
guaranteed, Incompatibility may arise at the hardware, software or
data organisation level.

3. A distributed system environment raises problems of security, privacy
and data integrity. For example, a computer virus introduced in one
syslom may very quickly spread to other systems.,

10.7.1 LAN Techmnologies
There are three major aspacts inoa LAN:

1, Medium of transmission

2, Tapology
3. Aciess method,

Three important media of transmission are in wse: Daisted pair wire,
coaxial or CATV cable, and fibre optic cable.

Twisted pairs are used in low speed LANs using baschand transmission,
I this mode of transmission, data i transmitied as simple clectrical levels
often without any moeduolstion. There is oo multiplexing and the cotire
bandwidth of the medivm is vsed for franimitting signals from one station,
Baseband (ransmission Lnks are sometimes termed “wire puly' links as there
are no other equipments used for ransmission,

In contrast, broadband transmission uses modulation techniques and 15
suitable for transmitting high speed and multiplexed data. CATY and coaxial
cabiles are used for Broadband transmiscion at speeds of 10 Mbps or more.
Fibre optic cables carry data at rates up to 100 Mbps, Radio communication
may also be used for iransmitting data in LANs, Although some laboratory
syslems bave been built using radio links, such systems are oot in use.
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Erercises 485

Stallings, W, Local Networks, 3rd ed,, Macmillan, Mew York, 19590,

Tansnbhaum, A. 5., Competer NMetivarks, Ind ed., Prentice-Hall of India,
Wew Dhelhi, 19940,

Tobagi, F.A, Borgonova, F oand Ferna, L., Expressnet: A high
performance integrated services local area network, in Kunmerle, K,
el af, 1987, op, e

EXERCISES

. There is a saying (hat “If Mohammad does nod go to the mountain, the

mountain comes to him",. Discuss the analogy of this statement 1o remote
eompuling.

Depict by means of 4 tree structured diagram (he different classes of
data networks,

A noiseles communication chansel bas a bandwadth of 6 MHz, What 15
the maximum data rate that can be supported in this chanpel i four
levels are used to repeesent digital data?

What 15 the maximum data rate achievable, if a binary signal i4 tent over
o 3=kHz channel whose 5/ ratio 1s $0 dB7

. If the CCITT standard 2048 kbps PCM stream is to be carried on a

S0-kHz channel, what is the mazimum folecable 374 level?

The operating state diagram of 4 modem bas two operating points on the
x-axs What modulation is used by the moden?

. The operating state diagrams of a modem has states al the coordinaies

(1,1}, (1,-1), (—1,-1) and (-1,1}. What is the Jata rate achieved by the
maodem at 1240 baud?

A DCE converts an asynchronous transfer from the computer to
synchronous transmission on the line. Asynchronous transmission uscs
ong stop bil [T 100 characiers are packed into a synchronous block,
determine the transmission efficiency achieved by the DCE. Assume
four bwtes of overkead for every block,

List ai least six dilferences between the postal and (elephone sysiems
and bring out the analegy between S&F and circuit switched
conneetions,

A packel swilching network has & oodes fully connected. What ars the
best, the average and the worst case transmission path lengihs in hops?

A petwork offers both circuit and packet switching facilities. Given that;

T, = circuit set up time per station
T‘I = processing and guewing delay in each node for packeis
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Integrated Services Digital
Network

Integrated Services Digital Network (ISDN) has been perhaps the most
important development o emerge in the feld of Compuater Communications
in Lhe 19805, and it will probably continue to dominate the developments in
the 1993s too. Unlike many other developments, ISDNM s a well conceived
and plarned area of development in the feld of telecommunications. CCITT
bas been pioncering and guiding the efforts towards the development of
ISDM. The process of digitalisation of telecommunication networks started
in early 19605 when PUM was introdoced for digilal transmassion of voice
signals. Arrival of transistorised minicomputers opened up the possibility of
digital switchiog in the late 19603s CCITT was quick fo recognise the
feasibility of digital telecommunication networks and set up a study group
called Special Study Group D in 1968 to look at & variety of issues related Lo
the use of digital technology in telephone networks, This study group is the
forerunner of today's Stady Group XVITT set up in 1976, and has the
responsibility for all ISDN related actovities within the CCITT, The hirst
formal definition of 15D was given by the Study Group I in ils
recommendations, (G.702, issved and adopted by CCITT in 197

lnlcﬁlnh::l Services Digital Network An integrated digital network
in which the same dipital switches and digital paths are used to
establish different services, for examgle, telephoay and data,

It is interesling ko note that a study, which started with the abjective of
exploring the use of digial technology, quickly shifted ity emphasia to an
Integrated Digital Network (IDN) and within a period of four years even
foresaw the emergence of ISDM. From then on, the progress towards 1SN
has been steady and unrelenting, In 1980, the first set of ISDN standards,
(G, 705, emerged, whick laid down six conceplual principles on which ISDM
should be based:

1. ISDHN will be based on and will evelve from the telephony IDN by
progressively incorporating additional functions and network
features including those of any other dedicated networks so as to
provide for existing and new sarvices.

490
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434 Integraled Services Digital Network

ISDN architecture and a plethora of services that can be supported in ISDN.
However, the ISDN techaoloay, design approaches and standards are still
evolving and will remain the focus of development in the 19505,

Thus, we are now at a paint of time when there exists a synergy of sacial
demands, technological feasibility and economic viability with regard 1o
ISDN. Consequently, an era of ISDN will be heralded all over the world
during the next tweniy years of s0. As must be obvious by aow, ISDN is the
apt nomenclature for the telecommunications network of the future in which
all network functions will be bendled in digital domain and 2 single network
will suppost a set of integrated services.

112 New Services

ISDN will support a variety of services including the exdsting voice and data
services and a host of new services. A short list of some of the impoartant new
SETVICES B

. Videotex

Electronic matl

. Digital facsimile

Teletex

. Database access

. Electronic fund transfer

Image and graphics exchange

. Document storage and transfer

Agtomatic alarm services, c.g. smoke, fire, police and medical-

. Audio and video conferencing.

=1 =l - T T

=i

A few of the services are described in the following sections.

11.2.1 Videotex

Videotex i a generic term lor gvstems thar provide easy to use, low cost
computer based services via communication Facilitizs, Three forms of
videotex exist:

1. View data

2, Teletext

3. Open channel teletext,

View data is fully interactive videotex. This means that requests for
information or service from a wser are actually seat to, received by, and acted
oo by a centralised computer.

Teletext is broadeast or pscudo-interactive videotex service. Teletext
users may select the information to be seen, the pace at which the
infprmation is o be displayed and, ofien, the sequence ef display, The
information is cast in the form of frames and a szt of frames which is called a
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Application layer
UA UA e
sublayer entity FnLey
Mamn MTA .| mMTAa | Submission
b entity entity delivery entity
(=DE)
Presentation Presentation Presentation "
layer layer layer

Fig. 1L4 2.4 in the context of 051 model.

plays a role and acts as a relay. Zero or more intermediate systems may be
involved in transferring a message from the source MTAE (o the destination
MTAE, A message may be destined {o one or more UAs and &t 15 the
responsibility of the message transfer sublayer 10 deliver the message to all
the intended recipicnts. The MTAE may be asked o notify the source User
Agent Entity (UAE) about the delivery status. Tt may also be given specific
instructions about delivery time, etc. The services provided by the UAEs are
known as interpersonal messaging services. Twa types of services are
supported:

s Sendireceive wser message
# Sendireccive stalus reposis.

Corresponding Lo the two types of services, two types of protocol data
units [FIOUS) are wsed, The PDU siructure for exchanging uaer messages is
shown in Fig, 11.5. The messoge structure consists of three pans. The body
of the micssage is the actual user information, which may be coosidered as the
user data vnit in the OSI parlance, To this is added the control unit or the

Envelope

Heading

Body

Fig. 115 X400 user message format,
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5 = frame size

I' = information stream rate in bps

R = rate in bps (o which the information stream is being adapted;
8, 16 or 32 kbps

D = number of information bits in cach frame

Rp = frame rate in frames per second

The frame size and the frame rate must be so chosen as to satisfy the
equations

I=RpxD, R=Rpx§

For isformation streams with rates between 32 and 64 kbps, a
single-stage rate adaption 15 used by padding unused bits with binary ones in
& 54 kbps siréam,

B chanpnel may be used efficiently by multiplexing two or more low rate
signals. Multiplexing is limited only to 8, 16 and 32 kbps streams. All ather
data rates must be Brst rate adapted to one of these rates and then
multiplexed. Two schemes of multiplexing are suggestad:

# Fixed format multiplexing
» Flexible format multiplexing.

The former is less complex than the latier and is generally suitable when
the moours of subrate sireams is known in advance, In this scheme, an 8 kbps
siream may wse any of the cight bit positions in & B channel octet as
information bit; a 16 kbps stream may use any of the four twin bits (1,2), (3,4),
(5.6}, or (7.8), and a 32 kbps stream may use one of the two quadruplets
(L,2,3,4)or (5,67, 8).

Fixed-format multiplexing may not lead to efficient B channel utilisation
if the mixture of subrate streams vary dynamically. Consider a situation
where three 16 kbps streams, 1, 2 and 3 are multiplexed in bits (1,2}, {3,4) and
(5,6), reapectively of the octet. Let the data from stream 2 end and & new
32 kbps stream come up, The naw stream cannol be accommodated in the
octet under the fixed-format scheme, even though there are four vacant bit
positions in the octet. Flexible format mueltiplexing schems permits
accommodation of this stream in the octet. In this scheme, a new subrate
sireatm may be added by insarting each successive bit of the new stream in the
garlier available vacant bit positions. It may be noted that under the fexible
format scheme, subrate streams can be-always multiplexed to the maxdmom
limit of 54 kbps. We have 30 far been considering the use of B channel in
circuil switched mode. ISDN permits the use of B channel in packet
switched, semi-permaneat and permaneat modes as well. In packet switched
mode, the data sxchange is done by using X.25 protocol. Semi-psrmanent
and permanent modes correspond (o short-term and long-term connections.,
It must be remembered that when the B channel is used in modes other than
packet switched mode, all multiplexed chasncls muost be to the jame
destination,
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Low layer atiribotes are the same as the attributes for bearer services
and in particular the information transfer and the access attributes. High
layer attributes deal with different communication aspects such as voice,
audio, text, facsimile and picture transmission, They are defined in the form
of protocels conforming (o the O3] model layers 4-7.

11.9 Interworking

ISDN & expected to évolve over a penod of 20 years or so. Durning this
periad, it will have o cocxist with other networks and this is essential for
achicving market penctration and business success. Figure 11.18 depicts the

56 kbps 64 kbps

IWF = Interworking functions
Fig 11.18 Coexistence of ISDN with other networks.

Al least three types of networks are involved: the analog networks, Lhe 56
kbps digital networks for voice or dats, and the ISDN with a 64 kbps clear
channel, Interoperability is achieved through interworking functions (TWF).
Interworking functions are different for different networks and so also the
interface details. Taking this into sccound, separste relerence points have
been identified and their interface details have been defined o enable
interworking with different networks:
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No. 4 ESS, 222225

Electronic telephone, 322
Encoding/Decoding, 424
Encryption, 438, 440-441
End delimiter (ED), 459
End-to-cnd connectivity, 24, 491
End-to-end layer(s), 421, 434
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@ a ﬂl m
Erlang, 14, 222, 276, 389
B formula, 296, 309, 359
C formula, 309
delay formula, 309
Ferst formula, 309
boas Formula, 206
second formula, 309
tralfic, 204, 206, 301
Erlang, A.K., 276,293
Erlang-k distribution, 307
Error(s)
bursty, 425- 426
control, 425
correction, 401, 425- 426
detectin, 401, 425 426, 436
recovery, 424, 435- 436
Etched well, 243
Ethernet, 457
European Academic Research
Network (EARN), 23
Event monitoring, 64— 65, 94, 97
Exchange eode(s), 64, 117, 359-360
Expanding switch, 131, 209, 217,
2-2x2
Expert system(s), 540, 542-544, 546
Exponential distribution, 284, 289,
200,307

Exponential power law, 254
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Hierarchical routing, 434
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High usage routes, 323

Holding circuit, 45

Homenet, 465
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IEEE standards, 430
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Cuecoe parameters, 307
Queued packet and synchronous
exchange switch (QPSX), 478
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d.c. , 370, 377-379
DTMF (see Dual tone
multifrequency signalling)
duration, 69
E & M, 377-378
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is2

Single stage dialling, 534- 535
Skin effect, 165, 229

Skip zone(s), 333

Skywave communication, 332-333
Siidmgwindmk 'ﬂl

Slope

Slnphmﬂtrﬁfn!pmmml

Suﬂ'lnm mp,m 106—107

SONET (see Emﬁmnﬁmﬂ
network)

Source multiplexing, 204

Space array, 206

Space diversily, 344

Space division, 3

networks, 126, 184, 186, 189, 225,

297, M5

Space-time [ST) switchies), 216,
ol 1]
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