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Fig.3: Number of Telephones and National Income
locc to Bornemann, 1963)

¥ logerithmic coordinates are used, o straight line con be drawn
theaugh thiy distribution corresponding to the equation d = C.Ek,
where d n the telephone density. C a constant and £ the per-capita
Income The exponent. k, which is relevant in this connection, is

olven by All & 1.7, while similor calculations in the German



Federal Republic //2// have resulted in a figure of 1.9 to 2.0.
Other graphs have been designed N8/, 7/ in

which a curve is drawn through the values plotted in o system of log-

log coordinates ( Fig.4).
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Fig.4: Number of Telephones and National Income
(acc. to A.Jipp, 1959)

A.Jipp has also studied the changes in the telephone density/ (per capita)
income ratio from 1953 to 1969 (Fig.5); the deviation of the curve

from the straight line is, in fact, easily verified if we estimate, and

odd to one another, the averages of the slope of the individual curves.
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This also seems to explain the different values that have been calcu-
lated for the exponent k, which depends on the points of the curve
for which the tangent slopes have been calculated (certainly lower

for the point representing the USA than for the point of the German
Federal Republic).

The | C.C.LT.T. study /1// in Chapter 1l discusses at great
length the relationship between telephone density and Gross Domestic

Product (G.D.P.) per capita (Fig.6).
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(acc. to CCITT, 1948)

This graph shows the development - and the development trends - of
a few (unfortunately of rather few) countries, and the study proceeds
from there to the possibility of forecasting future telephone densities
on the basis of projected G.D.P. figures, giving, inter alia, an

example of the graphical calculation of future density.

The various findings mentioned above permit a multitude
of useful and practically —applicable speculations as to the probable

development of the telephone density and number of lines to be

expected in a developing country. Since all of these forecasts are,




howsver, bosed on projected o estimeted G. 0.0 figror, e th of
forecasting reliable values for the development of ielephare vt

has simply heen shifted to ancther plone, that i1, the necewit, of Wt ity
the future development of o country’'s G.D.P,

Since economic G.D.P,
trends are generally being studied much more intensively, it wopul¢

nevertheless be advisable not to depend entirely upon this methad o
the only one for estimating future telephone demities.

In 1957, C.Lancoud and M. Ducommun U7 made dwreiled shudlign
on the above-mentioned

"low of development”

of telephone systems olong with the other twe besic foctery

- “population trends *
ond the
" economic situation of @ country*, .
as a basis for determining future development of telephone ensity. The
Poper proved that the "law of development” can be represented by wey

of a logistic growth function, i.e. a suitably tronsformed hyporbol ic
tangent (tgh) function (Fig.?7).

Of course, there are a few limiting conditions and premises thes

have to be borne in mind in describing this natural “law of de velopment*
by means of a hyperbolic tangent curve: The time axis (abscivia ! conmet
realistically be extended from — x, 1o »; and the development of vhe

economy of the country in question must be assumed 1o progress evenly

and without disturbances {although it should be
of the above-

in due course, this

undertood that becaneg

mentioned tendency for irregularities 10 ever themse! ves aut

requirement is of less importantance than vsvelly belioved),
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Be Serome - ‘whephure -2ty will be the vome in all countries.

*e POt Elegrses 'and beiweer the actunl volues reported in the
WlOPR e ot vrise o he ey sl comnts o1 we. however, due to

RN wrnt s ordeabie differences i the state of development

L point of deporture of the statistics.
Bin s W o ifiey by plaw g the relephone demity curves of Sweden
O Yeirin ted w cup of e srother in such o way that Switzerlond
Yoy bohisad lusdmr by ¥ ey it will then be seen that the
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(6} Steaminet lolophere and Telograph Corporation
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Fig.8: Congruence of Telephone Density Curves for
Sweden and Switzerland (acc. to Bogaerts, 1963)

Similar findings have been obtained  for a majority of the

countries studied (Fig.9).
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The third result of studies aimed  at the determination of

future telephone requirements can be summarized as follows :

The general growth functions apply to all countries ;
that is to say, the development of the number of
telephone subscribers and the resultant telephone density
may be expected to be the same for every country ,

although there will be time differences.

In 1964, an attemp! was made to calculate the development of
telephone subscriber figures over the next few years ond decades with
the help of the Lancoud- Trachsel formulas //9// for a number of
European countries with relatively low telephone densities N0 It
was first noticed that the selection of the three required values
from the telephone density statistics is highly critical and may lead
to results that may be considered impossible at first impression.  This
experience was confirmed two years later by E.Bshm, who replaced
the rather cumbersome calculation by o graphic method using a
logistic system of coordinates. This  not only simplified the operation
but also yielded a number of other advantages (e.g., the fact that the
whole of the available density statistics is evaluated, not just the
three values selected) /11//. In order to use Bshm's method, however,
the saturation density has to be estimated, or obtained by means of
other methods, and used as a known quantity in the calculation. This
may be possible with a high degree of probability in countries where
a wealth of comprehensive statistics concerning the most varied economic
and sociologic fields have been prepared for a considerable number of
years; for developing countries, however, it may prove very
difficult to correctly estimate the point of saturation of the telephone
system . It is hoped this publication will assist in determining this

unknown factor.
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Fig.10: Telephone Line  Densities in Bulgaria, Austria
and Switzerland - Probable Development
(acc. to Eberberger, 1964)

As far as known, this is the first instance in which the method developed by
Bogaerts has been used in combination with the calculation method
developed by Lancoud and Trachsel. As a result of combining these
methods that it becomes possible, first of all, to determine the future
development of telephone densities for countries with highly similar

economic and sociologic patterns, and to project suitable telephone
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As to thy question of the future

dovelapment of the telephone services of developing
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but also on gencral economy, with social trends and
potterns

The recurring question of the future development of relephone
communications - which may for convenience’ soke be wbdivi dod 'nte
local, long-distance, ond international as well o intercontinentel
telephone communications - is covered in o wparate chapter
(Chapter IV' of the C.C.I.T.1. study //1//;  further discusslong in

dete
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foday o8 “radar”. In addition, a rather large community of engineers
In most of the countries of the world were familiar with microwaves,
oup ond phase delays, and modulation techniques - to mention just
o few examples - and considered them part of their daily lives,
Various schools and universities deepened and disseminated this
knowledge aond the equisite skills; industries and associations in

oll industrial countries were instrumental in passing this knowledge

on o o most intere:ted and often enthusiastic youth. The "antiquated”
ond unexciting principles of the switchng art, in comparison,

were o whiec! deemed hardl, worthwhile or interesting.

s discrepancy wos the basis for the further development of the switching
&, ond the ~any effarts a d attempts have been expended to
Intraduce electrari s on the baiii of the most moderr scientific
mowisdge ook progress has been mode in the past two decodes

n the technological and wier'itic advarcem - nt of electronic
”W# ivttems A guite coemal reaction - that af resisting chanw
d o ‘he vapeditirer nvoled e adoptiog new conceph - has
W@leyed woiid w.de acceprorce of thewe new dovelopments. Time

h boer tou et Rowswer 1o do away completel, ~ith these

W igting fou b we ok ese to be the key to on unde:itanding of
Be mar, probiom: o face tods, Mowe.o:r the 1rend toward

fﬁf!g slwctian. g i te horg tyateemy gy gdvaﬂtgng.

P ety to note thet even today doacuns ons of the relephone "
Wilhin the wcops of ot . claver n wchoolt we confined o o lor go
MMn? io e tanem e poblem of Tinding witable barducen . @ problem
e e = entn o ulaphame Milip B wived = 1861 and Grohom
Dbt 1) e ive whee he W conded o« parfecting Reivi v nvention,
Mo 100 ow: ovs Rowsver Ao wwer the dovelopment of o wwitching
O A 2 seni.ed wiying snoely diflerent problem namely thot of
Poing suct wa of e et imated # millie telephone sbaiiben all
C0nd e wwid be appovtonit, 1 coll any, one of the other of iy
Bearcsivabl, iwgs mbor of wineribors  Lvan thaugh of preswnt the
fomibitisy, of




- 19 -

direct calls, i.e. of calls dialed directly by the subscriber without the
assistance of a telephone operator, is confined to areas of predominant
demand (for example, the territory of an individual country or a
continent). The ultimate objective of intercontinental direct distance

dialing can no longer be termed unrealistic.

Although the engineering and administrative task to provide 24U million
subscribers with unlimited traffic fncilities, while ensuring acceptable

rate assessment, is gigantic, it is necessary a';o to consider the

economics of the problem: If the investment value of q telephone

line terminal is set at US-$ 1300, - according to V. Aschoff /713//, the
replacemen. value of the switching equipment in the world’s present
telecommunication facilities is approximately US-$ 200 biilion. Even in
terms of the world economy, this amount is q highly significant factor

ond constitutes such an important part of the national wealth of all
civilized nations, it obvious that the greatest possible care and effort

must be exercised in considering and planning all aspects of the future
development of this “global communications machine" lor, to use less
dramatic languoge "world-wide communications machine"). Although only a
@ minute fraction of the capital expenditure required can be isolated

os being reserved for o particular technique within the overall development
scheme, several clear-cut demands may be formulated

Each and every new installation or system must be
conceived in such a way that it may be integrated -
not only as an individual unit but also as a group,
®.9. o gioup of a network, - with the existing telephone
network, and at the same time, satisfy all pre-existing
conditions. No responsible government in the world
today can afford to replace major parts of its telephone
system with new equipment before the old system has
been pioperly depreciated. Additionally, the change-
over must be grodual with interworking of existing cnd
newly-added systems. This cannot miraculously take place

over night,




These facts have been surprisingly rarely mentioned in

the multitude of scientific writings, which is rapidly increasing in
volume, particularly in the field of electronic switching //14//, //15//,
/), //17//. The dependence of the switching art on these

simple facts distinguishes this field from the other
fields of communications engineering, which are charocterized by
virtually unlimited freedom in regard to equipment and installations.

A ship’s

new radar unit may, for instance, contain completely new and different
components, and may even be based on a fundamentally different concept
using new engineering and design features. As long as its performance
and operation satisfy the requirements or improve on the
previous standard, such a new unit s most welcome if it can be
obtained and operated at reasonable cost. A direct interaction of all

existing naval radar stations of the world is usually never required.

This important difference between tne switching art and the
other fields of communications presents another major
problem in deciding the future course of action and should

be accorded much more attention.

The future development of the switching art will
therefore be torn between efforts to eliminate the
scientific and technological differences between
switching and the rest of telecommunications while
overcoming the natural caution and conservatism in
allocating the required huge investments. It seems
more reasonable to expect worldwide communications
systems to continue to move in the direction of

further integration and interdependence.
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While only a few years ago the switching systems of more recent
design were frequently classified as to the degree of their
"electronization", it appears to be necessary today to make yet
another distinction on o higher level: A switching system may be
required to work with

wired program control

or with stored program control.

In the lotter case, all switching operations are controlled by e
stored program; this technique is often referred to as "processer

controlled".

In addition, another distinction is of particulor importance, although

it is sometimes considered from a wrong angle: Sometimes the immediate
object of a development effort, which may aim at an
experimental exchange to obtain experience a to the
behaviour of new components or the reliability ond
maointainability of the system’s concept, or to study ony
operaotion problems arising fiom new concepts. Ultimate gools

for such a proicct are aimed at the feasibility of mass-production
of the system for large-scale use in o country. I iy

obvious that these two steps have to follow each other .

For example, the Stuttgart-Blumenstrasse exchange has been built av en
experimental project on the principles of the system ME-80 | of IT1
8/, //19//,//2C7 . The establishment of a second, similar ¢ imentel
exchange in Vienna //21//,//22// did not change anything in 1.1 respect.
In both cases the tasks of an experimental exchange were fully performed
The Authorities were given on opportunity to operate, and to learn to
operate under practical conditions, a new forward-looking system,

while the monufacturers
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WAs i e 1ol domand in terms of econemic needs for the development
o B plaphure 1yviem with relationship to the most economic return

in e dhewtert ponible time while fultfilling national telephone
girempnt: 7

Mis wary im tod wloction of potlem, out of o long list of environ-
oanteld sendit oy and premises ., oill temdy show that
8% gerern answer con be given to the question whether an
esperimental installation
Iy seonemically juirifiable in o porticular cose. However,
wther apec! wires it one contiders o
demonstration exchange,
ie en imvtallation of a new ond fultly designed system
oot o s cntome: s diponal to demonstrate ts viability

ond po:fo - marce I i obvious that such an installation

will be .i1ed by the cuitomer a3y o study and training

ohjoc

ARer thewe bemic question: nave been onswered, the second
quesrtion . the' of the boaric technical approach -
thovid be ashed

The first two decades of electronic switching
Wolems, (roughly 1945 10 1965) have been
oharacterized by the intoduction of new, "modern" components
whieh have (splaced sleciromechonical parts. Up-to-date electronic
Gomperents endow the iystem wi's additional performance features
which may being the adninistration, or the end user, or both, certain
advenitager Theve components usual', have two things in common : one,
St of theam me more expensive where they replace a simple
oloctramechan ical component with metal contacts needed in
twitching networks . and two, the quantity required for control and other circuits
of on eachange is o greater numbe:.

This has resulted in on intensive search for ways
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ond means to use such parts sparingly, and to design them

to perform multiple tasks. The high
switching speed of these parts - in comparison with the speeds
attainable with electromechanical components -, in tum,permits a

higher degree: of centralization.

This higher degree of centralization results in the need
for a more sophisticated, intensive, and complex organization of the
exchange. In recent years this trend has resulted i1 stored progrom
controlled switching systems to come more and more into consideration,
which is also reflected in the increasing share that such systems have

in the literature N6/, /17//, //23// ... //33//, a list which by no

means claims to be complete.

To go another step further, the concept of an integrated switching ond
transmissior system is encountered, a solution which will certainly have
excellent prospects //34//, //35//. To what ar extent the organization

of a future telephone network may exceed the bounds of a conventional
system may be seen by subdividing the systems into "speech networks'",
"processor networks" and "remote control networks", as relevant

studies and extensive experience with centrally controlled communications

systems have shown //36//.

A great number of conditions and their consequences have to be borne in

mind in answering the question of trained personnel.
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As has already been mentioned, the availability of suitable labor
from domestic sources to fill all positions at the various levels can
have a decisive influence on the selection of a particular switching
system.  Maintainability and reliability are major problems
to be solved, depending on the existing personnel

and training capabilities as well as the general

education possibilities.

Another decisive factor is that of the interface conditions regarding
the existing switching systems. What requirements are imposed on the
system to be selected by the existing national long-distance dialing

network and by connecting international networks ?

Do any special climatic conditions have to be taken into consideration ?

H.Haslinger attempted in 1966 to critically survey, and to present

in an organized form, the present state of development of international
telephone switching engineering //37//. In this study, the author
referred to 596 publications, to which more than 100 new ones

have been added the subject covering the time period since 1966.

This imposes an almost impossible task on any one person to survey

the field, and it is only through the combined efforts of experts

that a technological basis can be obtained which permits an optimum

solution to be found for a new telephone switching system. In the beginning

a developing country may frequently have difficulty recruiting
a sufficient number of experts and specialized professionals. Ideally,
the gradual establishment of o qualified group of specialists in a
developing country should be accomplished by years of intensive
iraining abroad. Foreign specialists, experienced in matters of
creative scientific and technical work and in planning and development

projects, might assist in the developing country’s effort.

i




In summary, the question of what basic technological

approach should be chosen for new telephune switching
systems for developing countries can best be

answered by saying that the requirement of a harmonious
adaption of a new switching system to an existing
technological environment, in particular the switching
system used in that environment, and the necessity

to take into account essential economic factors.

These reasons are not only important during the

initial phase of o study but continue to be in future
considerations. The trend toward fully-electronic
switching raises the question of future use of
stored-program or wired-program controlled systems
with dry reeds or open contacts. The choice a
developing country has to make should be based

also on maintainability, reliability, and experience
from other administrations using modern telephone

switching systems.




Conyuhr Aids to Telecommunications Spm Plorn
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The Scope of the Planning Problem

The definition of o telecommunications planner
refers to the communications engineer responsible for developing o
network design, deciding where, and how many, switching centers
must be included in the network . and finally what type of transmission
facilities must be provided. Obviously, this requires a wide range of
engineering capability, and therefore, in general the term "telecommunications
plonner” covers the responsibilities of on engineering group rather than

a single engineer.

There are many points  which
the planning enginee: must consider.  Of these, the most important
hs the “fundomental plon", which contains the following :

(0) Numbering

() Routing
Rotes

(d) Switching

(@) Tronsmission

@) Signaling




For each item in this plan, the criteria for operation of the tele-
communications network are specified. When these objectives are
not met, the pl .. must indicate the necessary steps to

achieve the specified goals.

This plan is basic to the development of any communications network
whether it is used for voice, data, or both types of service. It is assumed
the plan in this exercise is fully developed, and it should be

understood that without a fully-developed plan, computer assisted engineering

studies have a low probability of being successful.

There is one fundamental reason why these plan details must be well

defined for considering the use of computer assistance in such studies. The outfput of
the computer, even though the computer program contains accurate

processing rules (mathematical formulas, logic, etc.), can only be

as accurate as the input data supplied foi the analysis. Unfortunately,

there is a tendency to estimate facts and over-simplity significant

parameters which may be adequate for manual engineering studies.

But these expedients can only lead to disappointing results when using

a computer.

Other points the plonning engineer must consider are :

(1) Copital - How much money is available ?

(2) Existing Facilities - What is the cordition of the present network ?
Which limitations are imposed on the introduction of
new equipment and services ?

(3) Manpower - Are there adequate and sufficient engineering skills
available to develop both long and short range plans ?

(4) Forecasts - How accurate are the forecasts of growth ?

Here again, it is assuming that a telecommunications network
already exists, and that the planning engineer is required to develop

a scheme which may have to be implemented over several years, since

the availability of construction funds is limited. In addition, he will be




required to integrate the new technology into his existing netwerk
design. Electronic switching will have 10 interwork with other

types of switching systems e.g. crossbar, step-by-step, etc.
With  these major points given, what is the planning task ?

Studies must be undertaken  with subsequent recommendations to
management on “how much", "where", and "when' to spend their capital
The studies in a typical operating telephone company take several
forms, but can be considered in two general types. They are usually
separated into engineering studies which lead

to the formulation of long range plans (5 years, or more), and short range
studies, which obviously deal with decisions which must be made in the
relatively near future. The studies must begin with an evaluation of
existing methods, systems, and equipment. A thorough understanding

must be acquired on what is to be accomplished during the time period

being studied.

As has already been mentioned, the development of communications
engineering continves to make rapid progress, and new approaches

and technologies follow in increasingly rapid succession.

The significance of this trend is twofold. First, it places an increasing
engineering burden on the administrations to produce more and more plans
in less and less time.  With the increasing costs of engineering skills,

ond the increasing shortage of engineering world-wide, the planning and

implementation of these plans is falling behind. For all indications this trend will contin,

Second, because of this explosive growth,tremendous costs are being
incurred. A administration’s ability to g rerate this capital is
dependent, to a large extent,on how welli they are meeting the present

demand for service.

It is increasingly evident in many developing countries, and also in some
of the more sophisticated ores, that telecommunication services are simply

not meeting the public need. Not only are the newer communication
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footwes weh o dute, purh-bution dialing, ebireviated dialing, outometic
ool wumler, comp.on bury, indialing inte PABX's etc. being postponed,
bt even buric telaphone wrvice s difficult 1o provide. Waiting periods
e obtoin telephone: range from o few months to weveral years in many
daveloping areas.

Thus, to the short range problem of providing basic local area

tolaphone service requires o large proportion of the plonning preblem
In many aren of the world todoy.

The Short Ronge Planning Task

Important studi.s which on odministration must conduct in this aree

we primarily ovsocioted with projects which con be completed within

2% 5 years. Typical of such studies are

(1) Plocement of new switching exchanges.

(2) MNetwork rearrangements to accommodate shifts in troffic patterns,
or gow?h in the retwork.

(3) Cable placement to accommodate growth in subscribers, shifts in
exchonge areas, or growth in inter-office trunking.

(4) Troffic studies to determine requitements for additional transmission
facilities, 1runks, or switching equipment.

(5) Extension of subscriber dial service from local areas to adjacent

areas previously handled via manual or operator dial toll service.

To further typi‘y the planning task, the placement of a new exchange must
be considered 39/, //40//.

The lead time for a new exchange is approximately three years. Not only

Is it necessary to consider manufacturing, delivery, and the installation

time of the required switching equipment, but land may have to be purchased,

right-of .way estublished, constructian of a new building may be required,
and exchange cable wil' have to be placed. So it is not

uncommon to have a lead time of even more than three years in certain
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Thus, in order to meet a pre-determined date for cut-over of a new
exchange, the planning work must be conducted in advance of this
leod time. There may be some over-lap permitted during the
monufactuiing interval, but, in general, the planning work should be
completed in order that o clear decision can be made without any
restricting pre-scheduled activities placing pressure on the management

to hasten this decision.

The planning time interval for the introduction of a new exchange is
varigble. It varies as an inverse function of the availability of
fundamental plan, up-to-date commercial forecasts, and adequate

engineering skills necessary to draft the plan.

This interval could be as long as 6 months. Frequently, extraneous
tactors place a constraint on this interval. There may be times when management
may considei the plan inadvisable because of curtailments in budget, or

there may be some technical objections to the initial plan.
In any event, the planning engineer is faced with several alternatives.

First, he can postpone the job while a second plan is prepared. How-

ever, as previously stated, the pressure to provide basic telephone

service, improve the quality of the telecommunications network, and

introduce technical innovations, is becoming greater every day. Furthermore,
the postponement of certain extensions to the network may even

cost money. Mechanizing switch-board traffic is a good example. Costs

of operators, administration, and other items associated with manual

switchboards can be expensive, whereas providing automatic switching

can result in signifant savings in not too many years.

Thus, the postponement of any plan is simply not the answer, if a

telephone administration considers itself modern and is attempting

to meet the present needs for better service.

The planning engineer con attempt to shorten the planning

interval. The answer lies in shortening the time intervai devoted to development
plons.
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In the particular example just illustrated, let us examine the

essentials of planning a new exchange to see what the possibilities

are for improving the situation.

While many technical criteria have to be met, such as transmission,
signaling  routing, etc., the single most important factor in locating
an exchange is cost. The concept of "wire centering", or locating
the exchange nearest the center of subscriber density is the essential

planning factor in order to minimize ¢ erall costs.

Performing an exchange placement study is o long and tedious process.
There are a considerable number of calculations to be made. These are

relatively simple ca'culations, but nevertheless there are many of them.
y simp Y

The costs of outside plant must be calculated, both for subscriber and
inter—office circuits, ond the costs of land, buildings, and switching
equipment must be considered. In addition, two, three, or more
configurations are required since it is not generally apparent where
the optimal locaticns may be for exchanges, or what the network

configuration should look like.

Since these calculations alone can take several months, it is also
possible that the data being used in the studies could become obsolete
before the study is completed, due to new forecasts of growth, either in

subscribers, or in the traffic distribuiion, or both.

This, then, outlines the need for a planning tool which can:

(1) Accomplish a network design in o few hours, or minutes, as opposed
to weeks and months.

(2) Accommodate more than one sef (preferably many) of design criteria,
e.g. transmission, signaling, routing, variable quantities of sub-
scribers, variable traffic quantities, ond distribution, costs, etc.

(3) Increase the accuracy of the results by eliminating many over-

simplifications, and by increasing the efficiency of the calculations.

(4) Distinguish the most cost-sensitive elements of the system design.
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(5) Be utilized by telephone planning engineers without a great

amount of formal indoctiinal training.

These performance objectives can only be reasonably met by mechanizing
the approach to the planning job. And this means only one thing ...

computer aided design.

Computer Aided Designs

The task of planning was illustrated previously by a brief description

of the short range engineering effort required for exchange placement.
No attempt was made to describe the calculations required, the methods
used, or the critical timing factors involved. The description was merely
indicative of the type of task which is fundamental 1o the business of

telecommunications planning administrations throughout the world.

Since the need is so fundamental, it is no wonder that n ¢ tigators
have first applied the development of computer aids to this problem.
Companies where this work is ¢ .rrently being done are raie; one of
them is ITT. The use of computer aid progiams in this field spans all the
way from designing the placement of components on miniaturized circuit
boards to the computation of the quantity of inter-office trunk circuits
in a large multi-exchange telecommunications network, and,to the

simulation of the telephore exchange itself, to derermine its traffic

handling capacity //39//, //40//.

It is impossible to provide a comprehensive description of all these
programs within the scope ot this publication. However, an attempt will

be made to outline a few of the fundamental requirements.

The type of computer program of most use in the planning field, such
as the case of exchange placement, falls in the category of "simulation"
programs. In other words, a model of the network, or exchange area
system (comprising the subscriber cable plant, the exchange, and

inter-exchange cable plant), is constructed, and a computer program
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b witten which con simiiare the sporation of this saten handiing ¢
tavdieted iraftic lowd, o the progum con simply perferm eolevietions
of e corts of the syrrem

Belore duscribing ore weh iimiiation progem which har beon develeped
by 111, it s apprope inte to eveblisn ome fects gbowt COMpter

A simlation study can, of coww, be accomplithed marvelly. In fegt,
n many engineering tashs .thiy is preciwly whet is done. The sudy
bogim with the development of o working - mathematicol o physicel)
moadel which containe propertier and elatanthps vimilar 1o the renl
system being wtergpiotes  Ther  euperiments are performed by operating
the model ir the wme morner n the real ystem would be opercoted
oo Fig 1 There is rwally nothing new in this concep!. What iy
novel, however, it the introduction of high wpeed, large memory
empacity, high level logic, digital computers, to operate such models.

Complex
Real
System

Siowloted Mathematicd Simylgtion
inpute Mode! Resuits

Fig.12: Computer Alded Design, Simulation Exomple

I the type of simulation programs being discussed, the model is
olwuys of the mathematical type. This model must describe both the
stetic ond dynamic relationships between the significant voriables in
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the system being simulated. Here it  is essential to include all
of the varicbles which have a major effect on the performance of the
reol spatem, and, at the same time, eliminate those details which have
no materiol effect on the outcome of operating the model. How close
to reality a model can be, is subject to the designer’s knowledge of

the real system, the time, costs, and method of operating the model,
ond the desired accuracy of the results.

K, for irstance, we are interested in the costs for main and feeder
cobles in an exchange area over a range of lengths, we could employ
@ continuous curve in place of the step function usually associated with
wch curves. An illustration is given in Fig.13.  The actual cost
curve Is discontinuous, but the simplified curve is continuous and much
more easily expressed mathematically. However, its use would introduce
errora in the calculation, especially near the points of discontinuity

on the actual cost curve. Thus, it would be much more accurate to use
@ mathematical expression which describe the actual cost curve.

In actual fact, this kind of accuracy is built into the models of all
ITT’s network planning computer simulation programs when it has a

significant effect on results.

$ per pair
500
400 |
-
300
200 Simplified Cost
s Actual Cost
100 ’,’ ctua os

1 23 4 5 6 7 8 9 10 Lengthinkm

Flg.13: Typical Costs for Main and Feeder
Cables in Subscribers Outside Plant
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Fig.12 illustrates what can be physically accomplished in
"simulation". It also points out one of the principal pitfalls in
simulating. The model should represent, as

accurately as possible, the real system being simulated. However, it
is not sufficient to construct the model and then operate it. Some
correlations arid comparisons must be done between the simulation
results, and the "expected" output of the real system to validate the

accuracy of the model.

This implies, therefore, that some "a priori" knowledge of simulation
results must exist. While this is difficult, and often impossible, in

designing new systems where only o model exists, it presents no

real problem when simulating existing present-day telecomri.nications systems.
However, it does suggest that there must be extremely close

liaison between the computer specialists, and the telecommunications

planning engineers to test the reasonableness of the simulation results.

There is quite an accumulation of knowledge on simulation techniques,

and this review has only high-lighted the barest essentials of the subject.

However, the above brief description will serve to introduce some of

ITT's work in this field of computer applications.

ITT Computer Piograms in Telecommunications Planning
ITT has been active in this area of computer technology for several
years. Starting in several laboratory locations in 1965, a wide range

of programs is now available in several ITT system houses to assist in
preparing tenders, designing circuits, and reducing engineering and
manufacturing costs. Planning programs were initially developed for

assistance in preparing tenders.

Currently
ITT is working directly with several administrations in assisting thelr

planning engineers by operating these planning programs on joint

engineering projects.




Some Idea of the ITT planning prcgrams now availoble or

under development, can be obtained from the following lists

)

2)

3)

4)

Placement of Exchanges in Urban Areas

This computer program will optimize the location of one, or more
terminal exchanges in a local network where min‘mum tatal costs

are the objective. Oniy first, or iritial, costs are
considered //40//, /M //.

Establishment of Exchanges in Urban Areas

This program is under development, and is a modification of the preceding
placement program. It is being designed to establish the best time

to introduce one, or more, terminal exchanges to make optimum

use of o telecommunications network already existing. Thus,

annual charges are considered in this program ir order to optimize
the timing factors.

Computation of Direct and Tandem Trunks in an Alternate Route
Network

This program is used fo perform trunk engineering in a telecommuni-
cations network where the terminal exchanges have a first and
second choice outgoing route. Direct trunk group sizes and tandem
trunk-group sizes are computed to minimize total network costs.
Alternate routing is restricted in this program to one tandem exchange.
Under development at this time, however, is a modification of

this program to include a wider choice of routing procedures such
as the use of two tardems in series //41//.

Equalizer Section Design

This program is of more direct interest to the field engineer respon-
sible for cable design than the planning engineer. However, It Is
included here to indicate the variety of telecommunications problems
being solved by ITT computer specialists. The program utilizes cable

tronsmission- loss characteristics measured by the field engineer, and

then computer equalizers component values and circuit configurations




olmos! immediately. Graphic diwplay terminels ave employed to review
reWpone curves in on on-line mode 427

These programs iexcept 2 have been in uwe for periodh up to two

yoors now, and have been unde continuour refinement ta make certein
the models e o3 realistic os ponible Practical designs have been
occomplished for many 11T houses and many important customer
edministrations have made use of them also. swch o, the British Post Office,
the Sponish Administration (CINEI. Peru Telephone Co., and other
administraticas in Lotin America.

W oddition the Norwegion Administration, the Dutch
Administration, and TELMEX (Mexicon bdminisnration: are currently

shudying the orograms for the powibility of uting them later this year.

I order to prewnt 1 slightly more definitive picture of thesw computer
plonning toolt  the iollowing dercriprion is offered of the Exchange

Mocermer! program

Exchange Placemen: Using the Computer

In the cove of locating o new exchonge, there are no dynamic variables
since only the total cost of the wystem it 10 be colculated. Thus, the
“model’ here 1 only o static madel, ond is simply o statement of the
totel plont costs.

v
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e purith in the simulation business might argue from o generic stond-

point that because there are no dynamic variables, thiv iy not a "true"
slswlotion., And from their view point, it may be o volid position. But

the foct remainy, that any mathematicol statement can be censidered as

@ "model”, since it roprerents o “system” of some kind 'he argumenty

on this wbjec! are beyond the wcope of thiy chapter. However, they are
eovered in detail in Mr.Chorofas’s book “Systems ond Simulation® /434 .



h Fig.14, simple Illustratic: of a typical exchange area i
sthown. The problem that the estimated future growth presants to the
planning engiee: is whether t~ add another exchange in the vicinity
of exchanges A and C, or whether these exchange: con possibly handle
this growth without making any network changes. The planning
engineer must determine the capacity and present loading of all
exchanges si.ce these facts will be employed in the program.
Cable distribution must be determined for each exchange areo including
the determination of the area boundaries.

M) x Existing switching centres
@) ° Existing subscribers

(3) ==  Subsctiber and trunk cable

“) " Estimated future growth

Fig.14: Typical Exchange Area

The planning engineer operating this program first estimates
from his forecast of sbscriber growth whether 1, 2, or more, new
exchonges are  required. The computer program then develops an
optimum configuration based on this input, and the total configuration




costs are used as a reference point. The program is designed to sub-
sequently test alternate configurations by automatically varying the
quantity of new exchanges to see if there is g superior design which

will reduce the overall costs of the reference configuration //44//.

The program is also written to produce the results of all successive
configurations tests. This permits the planning engineer to analyze

all configurations, and possibly select one which is not the economical
optimum, but which, because of some other planning reason, may be
more suitable. (Even though there are penalty constraints placed on
the computer in defining optimum exchange areas, existing exchange
area boundaries may be sufficiently altered so that te-arrargement
costs may offset the gain achieved in obtaining a minimum cost

configuration. '

The types of information the planning engineer needs for operating
this program are not different from those required for a manual
calculation, and are shown below :
(1) Subscriber Matrix
This is the subscriser dersity forecost by geographical orea. The
Program - <es a coordinate <ystem to detine the topography of the

exchange orea. (See Fig.15)

1 2 3 4 5 6 7 8 9 J
e
|
) 100 N 1980 forecast
e SR S S S o d
3 | 400 _ of growth
- . NI S D SR Sp— l, ] { Su bSCfibGn
‘ /g T SR
D R A s s S S S PP 100
5 : 300 3,7 400
SH S S 4 5.6 300
6 | 1200 Lo | 6,2 200
7 N T }

’z Present exchange

Fig.15: Exchange Area Description
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(2) Cost Para: eters
Costs of all significant plant items must be included in tabular
or graphical form if not linear. (See Fig.13) Linear costs can
be simply stated on a per—unit basis. Included should be - subscriber

cable, trunk cable, building, land, switching equipment, and

power equipment.

(3) Traffic Matrix
This is the estimate of traffic volume and distribution for all
future and existing subscribers in the exchange areéa under study.
These parameters are specified in a manner similar to the sub-
scriber information listed in (1).

(4) Grade of Service
The criteria for allowable traffic losses in the network must be
established in order to compute switching equipment and trunks
required. Other service criteria such as technical constraints
imposed by transmission limitations, duct systems, cable sizes,
etc., can also be included.

(5) Exchange Area Specification
As a starting point for the program the quantity of existing and estimated
exchanges must be described, including location. Upper and

lower limits may be set on the size of these exchanges as a constraint .

As mentioned earlier, the program operates on the model by successively
changing configurations, and then computing the overall costs. It is
interesting to note that the method of optimizing takes the form of
moving the exchanges within the initially defined exchange areas. This
has the effect of balancing the lengths of subscriber loops and inter-
office trunk circuits to achieve the economic optimum. A special
computer study was recently concicted at on 'TT Laboratory where

fu «damental facts were uncovered about the sensitivity of these costs

to changes in the basic parameters //45//.
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Included also in the optimization is the calculation of required
switching equipment and inter-office trunk circuits for each configu=
ration in accordance with the grade of service criteria which has

been specified.

Once several iteraticns of this program have been completed, results

for each tested confi- uration are then printed out for analysis. Each

set of output data contain the following:

(1) Location of each exchange.

(2) Quantity of subscribers assigned to each exchange.

(3) Cost of building, land, power equipment and switching equipment per
subscriber.

(4) Cost of inter-office trunk circuits and cable per subscriber.

(5) Quantity of inter-office trunk circuits and terminal locations.

(6) Volume and distribution of traffic.

(7) Boundaries of each exchange area.

(8) Total cost of subscriber cables.

(9) Total cost of inter-office circuits and cable.

(10) Total cost of exchanges.

(11) Total cost of network

Thus, the planning engineer has sufficient information
to select the best amnang several different network
configurations; anc  .e performance objectives, stated
earlier for a more efficient planning tool, have all

been met.

The network design is accomplished in minutes, with
several designs actually being prepared. Changes on
forecosts or other input data can be accommodated
immediately so that additional computer runs can be

made right away.

Accuracy is improved since more precise computations

can be performed.




The programs developed ty ITT are
designed in such o manner that telecommunications
planning engineers require almost no training in utilizing
them, Preparation of input data is exactly
the same as for manual studies with the addition of
Preparing standard punched-card format sheets for

the computer.

In-plant training problems

The subject of training local specialists for planning and management
tasks has already been touched upon; this, however, is only part of
the problem of how to train communications engineers for a multitude
of fields ond tasks. For illustrative purposes, it may be best to examine

some of the training problems confronting a developing country.




The success of any manufacturing enterprise revolves among other things
around its physical plant and facilities, the availability of raw materials,
and the skill of its employees. The relatively high labor content required
for telephone equipment manufacturing makes employee skill a most
critical area toward which management must direct their attention if the
enterprise is to be successful. Employee skill is developed primarily
through training; consequently, the importance of this activity cannot

be overemphasized.

There are many areas of concern for training in telecommunications. Two
of the most important are the training of engineers and the training of
operators in the plant. If strong programs of training are not developed

in these two areas, the probability of success is limited.

Following are some of the etails of
engineering and operating fraining with a view toward providing

information helpful to developing countries interested in this subject.

2.1 Engineering Training

- - - -

Companies engaged in manufacturing of telephone equipment in

developing countries are faced with two major problems with regard

to their engineering talent. First, they must develop a level of competency
sufficient t~ meet the engineering challenges of today. Second, they

must make certain that engineers are constantly gaining the new

knowledge that will be required to achieve engineering excellence

in the future. The engineering force must not only have capability

in design and manufacture of equipment, bi* must also be prepared

to work in the design, installation, operation, and maintenance of the

telephone network.

These problems are particularly difficult to overcome, since no

institution of higher learning provides a curriculum specifically designed
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to meet the needs of the telephone industry.

Manufacturers in countries with highly developed telephone systems
face similar problems as those described cbove, but they also have
the advantage of an in-house experience built up ove- years of meeting
the challenges in their field. These manufacturers can hire young
graduate engineers, assign them to simple projects at first, and let
them develop in competency over a period of time right on the job
under the supervision of the more experienced engineers on the staff.
These manufacturers can alsc make arrangements with local universities
for periodic in-plant or on-campus courses to keep their engineers
abreast of advances in the state of the art in specific areas such as
solid state theory. The larger of these manufacturers can also maintain
their own research laboratories to extend the frontiers of knowledge

in areas related to telephony. The development of the transistor might

serve as one outstanding example of this kind.

Big international companies of the telecommunications industry which
manufacture telephone equipment in a muititude of countries throughout
the world are enabled in developing countries to t-ain their younger
engineers on the job under the guidance of some experienced engineers.
Also, they can take advantage of specialized courses at universities.
On the other hand, such big companies must strive to overcome the
problems faced in developing countries, where highly experienced
engineers do not exist in sufficient numbers to train young engineers
on the job, and where opportunities for advanced university training
to prevent engineering obsolescence are markedly reduced. To discuss
this solution in some detail, it appears appropriate to give a practical

example, that of ITT.

ITT has both major manufacturing facilities and rescarch laboratories.
In one of them it was decided to use the resident technical capability

to offer formal training to engineers from developing countries, so a




treining center was established where engineers could come for periods
Wp to three months.

ITT had two major objuctives for this training center. First, to rapidly
increase the technial competence of engineers from manufacturing
plants. Second, to offer technical training to customers upon request,
The major consideration had to be the establishment of a schedule

to meet these objectives. Broad outlines of u schedule 1o meet the
needs of manufacturers could be established easily based on previous
experience. Courses to meet Customers needs had to remain more
flexible due to the wide variety of customer requests. A summary of
the courses cunrently offered will be found in Exhibjt B. A course

description of one of the courses will be found in Exhibit C.

The next step was to develop detailed lesson plans and lesson outlines
for the individual segments of each course. For this, ITT drew heavily
upon the combined resources of training personnel, manufacturing
engineering people, and -esearch specialists. Lesson outlines were
developed in detail sufficient to guide a technical specialist toward
successful attainment of the course’s teaching objectives. All necessary

handouts were prepared and included with the lesson outlines.

Next, ITT had to assemble g faculty. The approach here was to minimize
the number of permanent staff and to draw heavily upon the close-
at-hard availability of engineering specialists who could be brought

into the training center to teach segments of courses within their

special area of competence. Since the schedule had to be elastic,

we chose to use special talent s needed, rather than strive to mgke

the small permanent staff expert in all areas. These guest instructors
bring with them the special feel for problems and up-to-the-minute
solutions in quite the same way as a top university protessor introduces

the results of his most current reseach into the classroom situation,
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The training facilities themselves have been kept simple, yet flexible and
expandable to cope with the ever changing training demands placed

on the center. Training aids are provided consistent with training

needs. For example, a crossbar switching trainer was designed and

built to simulate the entire spectrum of switching operations ac

method of offering "hands on" training to trainees where necessary.
Naturally, computers are necessary for portions of the training offered,
but it was not necessary to provide computer capability within the
training center itself, since one could make use of the computer

facilities in the laboratories directly adjacent to the center.

Instructor training is also provided at the center for those companies
from developing countries who wish to improve their capability of
doing in-house training. Instructors are trained within ITT and are then
sent back to their companies equipped with the insiructor’s guides

and other training materials necessary for them to train others at home.

This instruction is then offered to those who cannot come to the center.

The training center concept is meeting many of the needs for formal
engineering trainirg, |77 expects even more will be met in the future
as the challenging goal of excellence is pursued. Formal c'assroom
training can never be more than part of the total thrust. Othe means
must be devised to get the required training out to where it is needed.
Correspondence courses are one way to solve this problem. These courses
are prepared under the direction of the tclent available and then offered
to engineers in developing c;ountries according to need. The completed
papers cre then returned to the training cente: for correction and grading

by experts.

Programmed instruction is another technique which has merit in providing
certain types of training. However, the investment in time required to
develope high quality programmed instruction materials dictates that they
be designed for large trainee populations. Thus, they customarily must deal

with subject areas in wide demand, such as Basic Electronic Theory, or




2.2

Basic Transistors. This restricts the ability to tailor programmed materiols

to the specific needs of small populations.

Another technique, still in its infancy, but offering some potential tor
engineering training, is Computer Assisted Instruction. CAl will take

some of the best features of programmed instruction and combine them to
the diagnostic and rapid retrieval ability of a computer. High development
costs, however, will place a restraint on the feasibility of tailoring to

small populations.

One other method, which ITT has used to some degree, is to send out
travelling teams of instructors to meet special needs of both manufacturing
plants and customers. This method has obvious limitations, but it can be

used when no satisfactory alternative is available.

In summary, telephone engineering training in

developing countries can be met by :

(1) Drawing upon the technical skill available in more developed
countries through training centers.

(2) Sending engineers out of the country for training with the objective
of their coming back with the capability to train others.

(3) Using correspondence courses.

(4) Using programmed instruction.

(5) Drawing upon foreign instructors to conduct training in specific areas.

Training for production line operators is a particularly critical problem
in developing couniries, since it is unlikely that the newly-hired labor
force will have had any significant factory experience. This lack of
experience will mean that new employees will lack not only the skills
necessary to do the job, bkut also the confidence and job attitudes
prevalent among an urbanized, factory-conditioned workforce. Thus, the

Training Department must direct itself to two major problems:
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(1) Training as quickly as possible in the skills necessary to produce
o high quality product at the least possible cost ;

(2) Breaking down the skills and sub-skills required for each job, and
present the training so the trainee can quickly gain
the confidence that he can master the job -- even if in the

initial stages it is only one or two of the sub-skills.

Historically, much of the training of production line operators has
been done right on the production line with a lead operator or senior
operator assigned the responsibility of training the new people. While
under some circumstances this method of training is the only feasible
one, it leaves much to be desired in terms of training efficiency.
Under this sysiem, the new operator is usually shown the whole job,
given a demonstration of how to perform the whole job, and then asked
to do the whole job under the general guidance of the lead operator.
The new operator starts slowly and gradually builds up speed as he or
she becomes more familiar with the operation. ITT has developed a
superior method of training called the “ITT Speed Vestibule" system,
This system not only emphasizes speed from the very beginning of the
training process, but it incorporated detailed job analysis and sound
lesson planning into its over-all approach. Details of this comprehensive

training system are discussed below.

The first step is to carefully analyze each job to determine just what
knowledge and skills are necessary to perform the job. Care must be
taken to include all necessary knowledge and skills. Equal care must
be taken not to include any not absolutely required. On occasion,
valuable training time is wasted by imparting knowledge and skills
not required on tie particular job. A partial list of those necessary
for assembly of transmission equipment is as follows:

(1) Filling out time tickets

(2) Wire stripping




(3) Wire tinning
(4) Reading running lists
(5) Soldering

(6) Terminal crimping

The next step is to examine each of the required skills to determine
just what is required for the operator to perform at top efficiency.
For example, if we examine ‘reading running lists" we find that an
operator performing at top efficiency must not only be able to under-
stand and inferpret lists, but must also be able to read ond remember
several of the steps at one time to minimize the time and need for

frequent referral to the lists.

The next step is to determine the best teaching technique for each
skill so that each trainee can be brought up to maximum efficiency
rapidly. Using the previous example, we would want to teach inter-
Pretation of the running lists and then we would want to build up
the ability to read and remember severcl of the connections at one
time. The technique to accomplish this is to use flash cards or g

tachistoscope.

The next step is to develop lesson outlines for each of the skills to
be taught. These outlines should begin within carefully defined
objectives, a list of the materials required to teach, a series of
learning activities, and g method for evaluating the effectiveness of
the instruction (see Exhibit D for an example). The sequence of the
learning activities should be structured to provide learning in small
steps, utilization of the most effective learning techniques, frequent
repetition of the various elements of the skill to build up speed,
ond then integration of the elements and more practice on the total

skill until 100 % efficiency is achieved.

The next step is to determine the number of people required for each

of the jobs to establish the most logical grouping of people in the
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The Quelity Control Department may receive technical assistonce from
private or official laboratories, such as:

- the Electrical-Metrology Lab

~ the Mechanical Metrology and Spectography | abs

- the Climatology Lab

the Technology Lab

the Chemical Lab

In the case of setting-up a local industry, the minimum for q quality
assurance program would consist of providing the local manufacturing
unit with
= 0 quality assurance department of one or more persons who make
sure that the correct and comp-ehensive instructions are available
at the inspector positions, and that inspection reports are being
analyzed. Wien results gre unsatisfactory, the local factory should
have the means to determine the causes. Equipments should provide
for inspection of incoming parts and components from outside suppliers
ond also for in-process and fingl test of the internally-produced items,
i a continuing deviation from the imposed standards is observed,
ond the origin of the fault js determined, samples of the rejected

Parts should be sent for further analysis to laboratories.

When the rejected parts are caused by erroneous information, or when
purchased parts do not conform to the test specification, the supplier

should make the necessary anclysis at his expense .

When a new factory is set up in a country at a considerable

distance from the supplier, and when fast communication means between
the two countries are lacking,
the above procedure will take time and may even lead

to expensive material and time waste .
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This may lead the local company to establish their own quality

control facilities. Other reasons which contribute to this may be:

(1) Challenging and denying of the responsibility for certain
characteristic deviations of the supplied materials.

(2) The desire to replace imported raw materials and components
by locally available sources which necessitates local quality
assurance measuring equipment to control the incoming materials

on a continuing basis.

The establishment of q complete quality control test center utilizing
the most modern and efficiently equipped metrology, climatology
and technology labs will require an investment which surpasses the

budget of q single manufacturing company,

The acquisition of the minimum "go / no go" equipment coes not
represent a major investment and is normally provided as q part of

the proposed plant equipment.

In order to provide the necess ry funds for more elaborate tests, the

following possibilities may be possible :

(1) The establishment of 4 private test center with funds provided
by several directly-interested local industries. The contribution
could be equally divided or in proportion to the technical
assistance supplied by the center.

(2) The establishment of q national test center, subsidized by the

Government, to give assistance to local industries.

Instead of creating an independent test center, the national
center could be installed as an additiongl section of an existing
university. This solution has the additional advantage of
promoting scientific research as well gs the close cooperation

between industry, education and government.




Several countries without sufficient resources to own their own national
test center may combine their efforts to form an organization to raise

the necessary funds for a common test center.

The UNIDO may find a new and grateful task in promoting the

creation of national or supra-national test and research centers. This
will contribute to the progress of local industry, to the greater

development of local resources and to the expansion of the scientific

research in developing countries.

This study would never have been realized without the intensive collabora-
tion and assistance of numerous experts on the staff of Standard Telephon
und Telegraphen AG as well as International Teiephone and Telegraph
Corporation.

Special thanks are due to

Mr. D.J.Marsh, Managing Director, ITT Laboratories of Spain,

for elaborating the chapter on "Computer aids to telecommunications system
planning” as well as to

Mr. B.B.Mason, ITT New York/ World Headquarters,

for his contribution on "In-plant training problems”, and to

Mr. P.F. van Doorn, Assistant Manager Central Planning, Bell Telephone
Manufacturing Co., Antwerp,
for the part on "Manufacturing problems",

all of whom have once again borne witness to the spirit of worldwide

cooperation within ITT,




EXHIBIT A

FORECAST ON TELEPHCNE LINES’ GROWTH IN BULGARIA

Bulgaria may serve as an example for the calculation of the probable
development of the telephone density, Any such study

must be based on detailed statistical data on the growth of population
and telephones during the past. On the basis of the data available //47//
the estimated development of both Bulgaria’s population figure and the number

of telephone lines in that courtry is shown in Fig.16.

Inhabitants x 106
‘ Lines x 103
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Fig.16: Growth of the Number of Telephone
Lines in Bulgaria, 1905 - 1964
(acc. to Ebenberger, 1964)

By applying Bogaerts's theory, o time-lag can be calculated of roughly 22 yoen
in comparison with Austria, as may be seen in Fig.17.
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EXHIBIT 8

RS v i o,

LB8Y OF Counses
ITY Training Conter
COURSE TITLE imsf LENGTH

1. Pentaconta Engineering 12 weeks
2. Maintenance 12 weeks
3. Installation 8 weeks
4. Computer Applications 1 week
3. Telecommunications Planning 4 weeks
6. General Telephony 8 weeks
7. Traffic Engineering 4 weeks
8. Probability, Statistics, 12 weeks

and Traffic Theory

. Engineering Management

1 week
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EXHIBIT D
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7. Explain the difference when the springs have their contact points
facing up or down in stacking, and point out how important it is
to make the right combination.

8. Let the operators take a look and identify the various positions in
occordance with the explanation.

?. Have them explain what o spring is and some of the important parts
of the spring.

10. Explain to the operators how and why there is always an insulator
between each spring.

11. Explain to *hem that the R contacts are composed of two springs.
These 'wo springs will always be L3! except in those cases in which
o T procedes it.

12. Toke the stacking diogram ond explain how it is to be used in piling
Ppringnesty

13. Hove the operator explair what makes up an R contact.

14. Show the operator how to stack up an R contact.

15. Hove the operators stack R contacts using the skills they have
acquired from practice on Location of Bins, Insulators and Work
Meliminary to Stackup After o while, time them.

1. Bwplain 1o the operators what o T contact is composed of mentioning
both combinations | ond J and the stacking diagram.

17. Show them how to stack up a T contact.

18. Hove the operators stack | contacts. After a while, time them.

19. Moke them stack R contacts again and then T contacts the same way.

8. Explain 1o the operators that the RT contacts are composed of three
@rings  Point out that here we stort working with a spring that has
eontac! points on both faces Also, mention the two types of combinations
ond the uw of the stacking diagram.

N, Show them how to stack up just one RT contact ot a time.




Have them stack just one RT contact at a time, and then go back
to stacking R and T contacts and RT contacts.

23. Have the operators stack up two RT contacts in cccordance with
the stacking diagram, then go on to three or more RT contacts.
24, Explain the composition of the TR contact, pointing out the three
different springs to be used now, combinations L and J, and the

stacking diagram.

25. Have the operators stack two TR contacts at the same time using
the stacking diagram, then three and so on. Time them.

26. Explain and show to the operators how tc¢ stack up an X contact.
Point out the unique combination: R32 - T31.

27. Explain to the operators how to mix all «inds of contacts in one
pileup using the stacking diagram for the different combinations.

28. Have them make all kinds of combinations. Continve until 100 %

efficiency is reached.

Evaluation

1. Operators are able to understand how the different combinations

are put together in a pilaup.

2. Operators have developed the ability to stack up any of these

combinations with 100 % efficiency.




od EXHIBIT D

MASTER DIAGRAM FOR PENTACONTA RELAY

STACKING
L 31 J 3
R R
L3l J 3
L 32 J 32
T T
L 32 J 32
L 32 J 32
RT L 30 J30 RT
L 31 J 3
J 16 L16
TR P 3 M3 TR
L 34 J 34
T 31
X X
R 32

1. START STACKING IN LEFT HAND COLUMN

2. WHEN AN "R" FOLLOWS AND "R" OR A "T" FOLLOWS
STAY IN THE SAME COLUMN OTHERWISE CHANGE
COLUMNS
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EXHIBIT G

EXAMPLE OF BASIC INFORMATION REQUIRED FROM THE CUSTOMER

- Type and specification of the equipment to be manufactured
~ Volume and final capacity of the factory
- Start up period in years

- Base of capacity calculations:
- Existing exchange or

- theoretical exchange with traffic and interworking data ond special
facilities required

- Degree of local manufacturing integration

- Working time in hours per year

- Availibility of existing local facilities and services
- Program of change-over to new system

- Auvailibility of local components

- Government factory or supplier participation

- Llong term financing or local financing

- Availibility of local tool manufacture

- Availibility of skilled labor

- Local efficiency and local wages

- Type and schedule of first exchanges to be manufactured
- Services to be provided in factory

- Climatic conditions

- Information on local currency

- Plant location and transport facilities

= Tox holiday ond other concessions granted by the Government
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