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ABSTRACT

Most of the developing countries do not .ossess
a telephone network sufficient to prosmote trade, industry
and education at the level required for their econonic
development. 1In the present worL‘a telephone network
specifically intgnded for such countries has been pro-
posed as the best solution to the problem created by the
existing low traffic and the necessity of economic ex-
pansion,

A description of some existing systems has been
- made in order to point out characteristics relevant to
théir size and application.y None of them, however, were
designed with the needs of the developing countries in
mind, nor do any it those needs and conditious. |

Thé.system proposed here can be built with the
existing tecunology. IMoreover, most of its ~ompenents
are already available in the market. |

The system, including the satellite exchanges,
data link, central processcr and controliing program
have been described. Special attention has been paid %to
the controlling program because it largely determines the
signalling between the sztellites and the central processor.

A simulation 1anguagé has been written to operate

the system under simulation conditions in a large computer.

The simulation program has been described in some detail
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because it is'felt-that it can be used not only to write
and test the controlling program, but to study traffic
related problems, such as tre influence of the type of

of processor, number of digit receivers in the exclanges,
and so on, in function of the traffic,

Besides selecting the type of network and fore-
casting the demand of telephoneé, a crucial point in the
implementation of a network is to find an optimum plan
of investment. A method to find such an optimum plan
was designed. It has the property of optimizing the
invested capital, maintaining the flexibility of admit-
ting modifications when the circumstances so require 1it.

Tor completeness, a model case is described
and an optimum investment plan for the imaginary country
Teleria is found.

The consideration of social weights for thé Sew-
lection of different telephone projects during their
period of commissioning is discussed and a ecatisfactory

social welfare function for this purpose is given.



PREFACH

This study has primarily intended to work out a
telephone network gpecifically for rural, sparsely popu-
lated developing areas. The need for such a telephone
gystem is undeniable if those lagging areas are to develop
an infrastructural base that will thrust them into the
procegs towards progress and modernization. It might be
argued that those sparsely populated areas have little
need for communication links. However, one feels that at
some point the vicious circle of underdevelopment must be
broken. |

A telephone system, in the same way as for instance,
a main highway, cea give a new impetus to a lagging area,
and can be an importaat element that will attract other
types of badly needed projects and services, both in a
‘planned or unplanned economy.

The firsf chapter of this study deals with the
infrastructural aspect of telecommunications in the deve-
‘loping countries considering the peculiarities of the
areas, %he obsolescence of their networks and thé need
versus demand criterias for felephones. In Chapter II the
problems of selthing the type of network and hardware
appropriate for developing countries are considered and a
survey is made of existing systems some of which could be
of immediate application. Also, a type of telephone
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network system is recommended and in Chapter III 2 des-
cription of that system is presented. |

The telephone network described in this work is
electronic and remote controlled, mainly because it is
felt that this is more adequate to meet the needs of the
areas concerned, than manual or electromechanically
controclled systems. A remote controlled system requires
less technically trained personnel and can be easily
expanded in size, security and number of services, as de-~
mand increases. In Chapter IV, the signalling system of
the network and a method for simulatiﬁg the system in
operation are described.

Agairv. with the needs of these lagging areas in
mind, the author has found it essential to dedicate
Chapter V to the development of an optimum investment
plaﬁ. The purpose has been to optimize investments in
terms of economic and social profits. |

Chapter VI considers an imaginary developing
country for which a telephone network has been planned,
and'a plan of investment has to be elaborated. This
chapter presents the computation of a modelAcase, apply-
ing the‘knowledge froa Chaptér V.

When an‘optimum plan of investment for a telecom-
munication network is evaluated, special attention sheould
be paid %o the.social needs since the ultimate goal will
be that of improving the social conditions of life. In

Chapter VII, the social weights for the selection of
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velephone projects are considered and a satisfactory
social welfare function for +this purpose is given.
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INTRODUCT ION

Economic growth generally refers to the raising
of the income level in the rich areas of the world,
whereas, for the poor areas, tne same process is called

t.Jl’Ml One of the wain reasons for this

developmen
differentiation lies in the urgency cf the process. In
the rich areas economic growth is less urgent since the
main concern is usualiy to bring about an improvement

in the quality of life., 1In the poor areas, however, the
urgency ig for breaking with the obstacles hindering the
exploitation of resources for the welfare of the area,

and bringing about a total change in socilety, béth in
quantitative and qualitative terms.

In recen, literature on economic development, one
finds a wide range of opinions on the geographical, socio-
logical and histcrical reasons for the présent state of
underdevelopment of the poor areas* and on how t0 go
, ahead with development. Even though these arguments and
facts are numerous and sometimes differ widely, those
refering to the infrastructural conditions find common
ground in most authors. It is interesting to point out

that at the end of the nineteenth century and the beginning

*The expression underdeveloped or developing
areas is applied in this work to any group of ccuntsries
whose economic and social status is lagging, as would be
the case of East Africa, or a lagging area within a
developed country. '
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of the twentieth, the modern.developmeut experienced by
Great Britain, the United Svatcs and Fraence was not
merely due to the spontaneous desire for a better life.

It was greatly determined by the introduction of new
technoiogy, and as é consequence, by the rapid development
of cheép transportation with facilities. for large cargoes,
steam shinping, transportation for refrigerated foodstuffs,

and the introduction of fast and efficient means of
communication and of industrial machinery. The intro-

. duction of cable communiéations, for instance, was a
necessafy complement to the railways beforz it was
possible to exploit fully the benefits of international
trade. Of course, the development of modern technology
and its effects on economic development is closely
associated to the social organization and patterns of the
area concerned. But the fact remains that infrastructural
elements are essential,

Keeping in mind the urgency of economic develop-
ment in the lagging areas and the need to create infra-
structural conditions for its take-off, the present
work is concerned with developing a type of telephone
network and the optimal investment étrategy, regarding
socio-economic factors, both suitable for application

}in developing areas, The selection of the type of system
‘haé followed the lines expressed by J.H.H. Merriman that:
3"...'3 good system 1is8 one which has versatility and

'openendedness built in to permit it becoming a better



system in future".M2 '

In all problems related to the development of
the infrastructural services such as roads, railways and
communications, one has to face the fundamentai difficul-~
ties of, on the one hand, finding the most adequate
hardwafe for an expanding society, and, on the other
hand, firding the optimum plan for the investment of
scarce resources in order to obtain the maximum social
and economic profit.

A further complication ensues from the terms
social and economic profit. Social scientists have not
found them easy to define. But even if a tight definition
could be worked out, there still remain the problems of
measuring social utilities and developing a methodology
for making social choices, what in socio-economic terms

- is called the social welfare function.

When an administration responsible for telephone
communications is faced with the problem of assigning
priorities for the provision of service, it can either
weigh the recommendations of other agencies of government
according to its own value judgment, or accept an imposed
scale of weights given by the policymékers or a board of
overall planners of the economy.

There is no doubt that the possibility of
’acﬁieving an overall optimum arrangement lies in the
overall rlanning of the economy, where the investment of

scarce resources for every public service and commodity



is considered simultaneousiy and subjected to the environ-
mental constrictions of the particular area. This latter
approach undoubtedly simplifies the problem of finding
the real place of the telephone and in general the teie-
communication network within the social state chosen.

In thic thesis a network is described that meets
the general requirements of most Jjeveloping areas and
en optimum economic plan of investment is fouﬁd, by
making use of the tocls of operations rewearch. The dif-
ferent strategies studied in the social sciences to make
socio-economic decisions will be considered when evalua-

ting the social profit of the network.



CHAPTER I

INFRASTRUCTURAL ASPECTS

I.1 IELECOMIUNICATIONS AS PART OF THE INFRASTRUCTURE IN

DEVELOPING COUNTRIES

An essential element for the economic development
of the lagging areas of the world is a solid infrastruc-
tural base, consisting of power, ports, airports, trans-
portation, c&mmunication networks, and so on. To prévide
for these, substantial investments are needed. In deve-
loping couﬁtries, these investments are not usually very
attraétive to private investors, since there is no pros-
pect for a short—term recovery of the capital and profits.
Hence,;this fype of investment has been usually made by
the governments of the countries concerned, which have,
of course, limited resources available.

Thus, the governments must make decisions on how
“to allocate fhe scarcévresources, and care has to be
taken in assessing the needs of each sector of the infra-
~ structure, especiaily in the case of the telecommunications
network, where the commercial or demand criteria has
normally been used. In the developing countries, where
telecommunications networks are lagging or lacking, the
commercial or demand criteria as a measure of the amount

to be invested should not be used, since other factors

- 5



that are strongly dependeﬁt on telephone services, such
as access to health, security and other government ser-
vices are also backbones of the infrastructure. It is a
Qell known fact that in sll developéd countries the ratio
of resicential telephones to business telephones is larger
in the cities than in the rural areas. In the rural areas
business telephoneé predominate, ineluding those of local
government officials, police, fire.department, post office,
hospitals and many other essential services for rural |
areas like forestry, irrigation, weather, etc.Jl

Even for the efficient use and organization of
other infrastructural elements as for instance the mass
media communication systems, the telephone and the tele-
graph network play a vital role. "Before news can be
received locally, without delay, telephone and telegraph
must be working efficiently...". "One of the gfeat
- handicaps to any developing country's progreﬁs is its
lack of internal communication facilities, in both the
organizational and informational spheres".cz. Certainly,
the provision of a good telecommunication netkork, espe-
cially in the rural areas, where the population is dis-
persed, is well Jjustified.

Table 1 shows the telephone situation in four

developing countries,t T4 P>

Columm A shows the per-.
centage of population witn no access to any kind of tele-
phone, . Columm B shows the percentage of population with

access to only one public telephone (a rural coinbox



telephone). Column C shows the percentage of population
either rural or urban, with access to public and private

telephone, and that do not depend on a single coinboi.

TABLE 1
Country Column A Column B - Column G
E1l Salvador 65 5 30
Peru 20 1 79
Colombia 25 ' 25 50
Ecuador 50 30 20

From this table, it could be said that, in sone
Latin American countries, more than half of the popula-
tion either do not have any access to any xind of tele-
phone communication, or only to 2 public telephone in
the community. This does not necessarily imply that +this
people are completely isolated, since in many cases a
telegraph wire or military outpost with radio communi-
cation keeps therm in contact with the maih urban centers,
But these types of communication links are not sufficient
to encourage the establishment of industries and trade.

It is interesting to note that the communities
without access to any kind of telephone are not necessa-
rily concentrated in a specific area of a developing
country, nor are they only small hamlets of a few hun-
dred inhabitante. To illustrate these pointe Table 2
shows, for Peru, the number of communities of over 1000

and over 5000 inhabitants that have no access to any



kind of telephone communications, and their geographical

distribution.

TABLE 2
DETARTAMENTO Number of communities of more than:
(Province) 1000 inhabitants 5000 inhabitants
Tunmbes 19 1
Piura 44 4
Lanmbayeque 23 : -
La Libertad 33 -
Ancash 29 4
Lima ' 62 10
Ica 29 1
Arequipa 41 3
Mogquegua 1 -
Tacna 3. -
Ca jamarca 63 -
San Martin 19 2
Huanuco 13 , 4
Pasco 19 -
Junin . 56 33
Huancavelica 12 S22
Apurimac 18 : -
Ayacucho ' 31 1
Cuzco 51 4
Puno 21 4
Madre de Dios 1 1
Amazonas 12 -
Loreto g 2
Prov.Constitut.del Callao 10 - -

Pig. 1 in the next page shows a map of Peru with
the geographical location of the areas mentioned in Table

2.
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I.2 ENVIRONMENTAL CONDITIONS

The major constraints in the design of a telecom-
munications network are those imposed by the environment
of the area in which the network is going to be operating.
Here an outline of the general characteristics of such |
an area is presented. However, it is outside the scope
of this ctudy to find & precise model of a developing
area, orne including all the parameters which would be
relevant to the planning of the whole economy. Thus, here,
for the sole purpose of considering the best suited type
of telephone network, some very general characteristics

are outlined.

é— The ma jority of fhe'population in underdeveloped
or developing countries is rural., Most of the rural po-
pulation is geographically distributed in & semi-dispersed
way, that is, in many small communities, more or less
evenly1scattered on the fertile plains or valleys. -

b- There is little or no industry besides that at
the level of artisanry and crafts;

¢- Communication between the individuals for domes-
tic business or official purposes is very limited. " In
developing countries no need is expressed for a telephone
;system y but this does not mean that é rapid means of
_communication is unnecessary."Cl
1 d- In the first stage of development, priority will
‘have to be given to securing the basic needs for the sub-

sistence of the population in the community. This will
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call for vast improvements in the exploitation and dis-
tribution of agricultural products,Bt?B3

e-— As develoﬁment progresses, rural areas may he
transformed into iﬁdustrial, commercial or mining centres,
particﬁlarly when improvement in the agricultural output
is due to increased farming eificiency. Then, some
human resources will be employed in industry,.if the
infrastructural conditicns are appropriate. This will

result in the concentration of population in larger cen-

tres, and the need of expanding the telephone service.

In planning a telephone network for an area with
these characteristics and possibilities of development,
certain features of the network will become mofe impor-
tant, whereas others, such as securit;f,will be less so.

This will be seen in Chapter II.

I.3 NIEED AND DEMAND OF TELEPHONES

The two mezana of telecommunications of most rele-
vance are the tglephone and the telegraph. The telephone
network is the more.important considering its penetration
and accesibiliﬁy, although it is thé'nwre expensive to
install and maintain.

When assessing the needs of telephone service for
underdeveloped areas one must not follow, as a general
rule, the approach appiied to developed countries, nor
that used when thoze countries were in the stage of

development. The differences between today's world and

*i.e, reliablity
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the nineteenth century, when industrialization began in
the developed countries of today, are so significant

that the possibility of drawing any similarity is very
small indeed.s4 On the other hand, data which is usually
very valuable in forecasting future demand, such as past
statistics.and present demand, are often inaccurate or
non-existent in the developing ccuntries.

The standing applications for telephone service
do not always reflect the actual demand uf service, and
much‘less the need of service. B. Wellenius and J.
Potocnjak show +that, in a case study of Chile, there is
more than ore type of deman’d.W2 They were able, for 1967,
to survey and discriminate the following categories of
potential subscrivers:

1- those that had filed an application and were on
a waiting list;

2- those that had not bothered to file an applica-
tion because the Waiting time is too long, and the tele-
phone administration may not transfer the telephone if
the subscriber mo#es to another address (waiting time
had a medianof 3 years, 20% was 5.5 years, and 10% was
7.5 years or more);

35— those who do not know the procedure to apply

for telephone service.

The unexpressed demand originated by the last two
groups (considering only those who can afford to pay for

the service) is four times as large as the expressed
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demand shown by group 1, that is, the waiting applications.
This study vas made for the suburban area of Santiago de
Chiie. For rural areas the numerical results may be
somewhat different. Nevertheless, for the same reasons,

a large unexpressed demand may exist.

Both the expressed and the unexpressed demand can
be called a priori demands, that is, demands that exist
before the service is available. There is still another
type Qf demand, which one could call a postericri demand,
‘that is the one which is created by the existence of the
facility. - This type of demana is very difficult to esti-
mate even in the countries where accurate past statistics
exist and will consequently be more difficult where these
do not exist.

But even if the actual demand were given by the ex-
pressed demand, these statistics would stil; not bve suf-
ficient to forecast “he needs of the developing countries,
since that would imply the assumption of a similar trend
Bf progress, whereas, what the developing country would
be trying to achieve is a fasﬁer rate of economic growth

in order to begin the journey to development.



CHAPTER II

SELECTION OF A NETWORK

II.1 PROBLEMS IN THE SELECTION OF THE TYPE OF NETWORK

As has been mentioned, the economic problem is the
most difficult obstacle to be overcome by the govern-~
ments in order to build the infrastructure. 1Irn the case
of telephone services, the problem is further complicated
by the fazt that there are many different parameters
affecting the selection of any spezific type of network.
Since there is no ideal telephone plant for all conditions,
the administrative body will have to select *he system
best suited to their needs. When doing so, and parti—
cularly when considering the rural areas. the administra-
tions are confronted with the following situations.

1- In the rural areas, there will usually be no
telephone network, and if there is one, it is probably
obsolete and not suitable for the encouragement of eco-
nomic growth., Hence, in these cases it i= not a question
of improving or expanding the exisfing network, but
instead of the necessity of installing a new one.
| 2~ The actual telephone traffic and number of lines,
‘or even the foreseen potential trarfic and numbter of lines,

bay be tco small to justify the installation of automatic

exchanges.

14
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3~ in the early stages of development, even if the
population were relatively dense, the telephones will be
thinly distributed. Hence, the alternatives are either
to install very long lines from subscribers to a central
automatic exchange, or to install many uneconomic self-
controlled exchanges. The possibility of using concentra-
tors as a solution to the problem could be considered,
although these have the disadvantage of creating the less
reliable 'star' itype of network.

4~ Manual exchanges may be out of the question
when it might not be possible to find the personnel to
attendtham particularly if a 24-hour service is desired.

VSn In cases where manual exchanges could be ins-
'talled, it may be unéconomic to do so, if in the near
future, due to a growing demand caused by economic deve-

lopment, an automatic exchange is needed.

Due to these cbnditions, it seems that a possible
solution to the problem of providing an efficient tele-
phone network at low cost and with the capability of
eacily expanding in size and security, is the use of a
dispersed switching network, remotely controlled by a

A2 In this case, the processor is

central processor.
isituated at a processing centre, and exercises control of
both, adjacent and remote switches. In %his way advan-
%tage can be taken of the control capability of the pro-

cessor by controlling a relatively large number of ex-~

change lines.
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In the initial phases of developing the communi-
cation networks of rural areas, no excessive effort (in
terms of cost) should be made to provide a high degree
of security (reliability). Instead, it is a better policy
to provide service to a more extensive area, covering a
1argerAnumber of people and increase the‘security of the
system progressively once the basic needs for communica-
tions are satisfied. This is because: "Reliability be-

- comes inéreasingly important as the message capacity of
systems increases. If a éommunicétion link carries only

5 or 10 messages once, then a breakdown’may not be too se-
rious... But if 10,000 are cafried, then the disruptionm
caused by a breakdown might be.disastrou:-:".C2 Naturally,
the plants and network should be of such rature that impro-
vements in security can be carried out with additional

costs that are somewhat proportional to the improvement.

IT.2 PROPOSITION FOR A DEVEIOPING AREA

Keeping in mind what has been said so far, a ge-
neral recommendation for a type of telephone network

suitable for the developing areas would be a network of

small, but egsy t- expand, automatic exchanges remotely

controlled by central processor(s) with the provision

for subscriber trunk dialling. The system is thus geared

to the largest sector of the population of most deve-
loping areas, . namely the rural sector. The reasons for

the selection of this type of network structure are
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many, and the following can be mentioned:

l1- A dispersed switching network with a central
processor to control a large number of small unattenced
offices, allows the implementation of a simple system .
which will provide the most essential telephone service.

2- A stored-program cortrol system, concentrating
most of the control functions in the main office, in the
form of software, reduces the maintenance regquirements,
both in the central office and in the satellite exchan-
_ges.Az This has shown itself to be an important consi-
deration in allowing an expanding telecommunication
service tc be economically viable.M2

5- The prorosed system can be easily expanded in
size, reliability and the number of services. The expan-
sion in size requires few alterations in the controlling
program, and additional hardware. . The expansion in the
number of services reguires mainly software changes and
little additional equipment.' And  the improvement of
reliability consists mainly in duplicating equipment.

4- It has all the advantages of the automatic sys-
tems, one of which is the 24-hour continuous unattended
service. This could otherwise be difficult to achieve,

- particularly in small villages, for the lack of operators.
5~ Remote controlled satellite excuanges allow in

many cases the use of transverse lines between the satel-

lites, leading to the more secure 'mesh' type of network.

6- The computing facilities offered by the central

processor, in the main office, could be used, at low
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traffic hours, for purposes other than control, such as:
accounting, customers billing, pay-roll computations,
routine faults checking, print—out of faults .on type-
writer terminal, etec.

T- The advantage c¢f having direct.tfunk dialling
is significant to the users ac well as to the administra-
tion. On the one hand this provides the majority of the
subscribers with a most needed service (penetration of
official telephones in rural areas is higher than that of
residential telephones)06. On the other hand, it is of
great economic advantage to the administration since the
income derived from trunk traffic grows much faster than
the number of subscribers when direct trunk dialling is

available.

Fig.2 shows the percentage increase of income
derived from long distance traffic, from 1952 to 1961,
when subscriber trunk dialiing was introduced in West

Germany.H2
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II1.3 THE CONTROL OF SWITCHING NETWORKS

Backeground

Most of the early automatic switching systems used
direct dial control from the subscriber's equipment as a
way to‘interconhect two subscribers, The equipment for
this method of switching control (Strowger ster-by-step)
consists in a set of two-motion rotary switches driven
by electric ﬁulses generated by the subscriber's dialling.
Although this method was adequate for its time, its lack
of flexibility and the multiplicity of equipment required
for expansion, restricted its subsequent use.

' An improvement in the cost of expanding such sys-
tem was achieved by the storage of the dialled digits and
the introduction of common control. The stored informstion
(digits) could then be used‘to drive the switching mecha-
nism directly or indirectly. In the second case, the
electric pulses generated by the switch are compared to
the ones etored to halt the moving mechanism of the rotary
switches. TFurthermore, the stored information (subscri-
ber's number) could be traunslated to another numbering
system (equipment number) allowing a greater flexibility
in the expansion of the network and making the trunk
hunting action independent of the time interval between
the dialled digits. |

Thus, in the new developments the dialled digits
were stored and translated into a code-number. A device

called 'marker' used this code-number to switch (to mark)
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the connecting element, usually by placing a voltage on
the corresponding wires.

The separation of the switching function from its
-control fosteréd the introduction of new technology in
both the common control and the switching mechanism. In
the area of common control a combination of electronic
and electromechanical devices was first introduced and
then a completely electronic system. As a consequence
the transfer of the control from a hardware to a software
mechanism was facilitated.

In the switching mechanisrs, the wiper mqQtion
switches.have limitation in the flexibility ofitheir appli-
cation and speed of connectiqn; Thus, the introduction
of the crosspoint type of switching, first in the form
of a bank of relays and later with the crossbar and reed
relay switches rendered the ideal partnership to the
common control technigue. |

| Fig., 3 shows a schematié form of the crosspoint
type of switching and control. The subscribers (numbered
1 to 5 on the left of the diagram) are interconnected by
méans of two switching matiices, thé input-matrix and
the output-matrix. When a calling‘subscriber (i.e., 3)
picks up his hand set, an off-hook condition is detected
in his line circuit. This information caures the subscri-
ber's line to be‘connected to a bridge in the input-matrix
through which the subscriber obtains dial tone. The briage
then connects through a marker control matrixz to a free

register. The digits dialled by the calling subscriber
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arc then stored in the register. VWhen the dialling is
completed, the connection in the marker control matrix
'isAdropped and the connection of the called 'subscriber
i(i.e., 5) is performed by the marker control acting on
:thé output matrix. Thus, a path from the calling to the
palled subscriber is estabiished through the input matrix,

the bridge, and the output matrix.
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Common Control Principles

6 in modernm

Three control techniques are applied
telephone eXchanges with common control: wired logic
control, programmaﬁle control, and stored-program control.

Wired logic is the most widely used. The control
acticns are determined by the interconnection between
the different control devices. Thus, the sequence of
actions for every call follows a pattern rigidly esta-
blished by the structure of the system. Changes in the
systen genérally involve the changing of equipment and a
considerable amount of rewiring.

In a programmable system the control actions can
be altered within certain limits since its logic sequence
is stored in some form of wired memory. Thus, many
changes can be performed by just rewiring a frame with
ferrite-cores or modifying a translation device. Several
systems with programmable control are in use in the UK
and the USA.

The highest degree of flexibility can be obtained
with a stored-program control where the logic of control
is almost entirely determined by a computer-like program

permanently stored in a processor.

Stored-Program Coutrol
Figure 4 shows a block diagram of a stored-program
control system. The line circuiis, switching network and

trunk Jjunctions arc sometimes grouped together under the
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name of telephony unit. The block labelled 'switching
network' includes the input and the oufput matrices as
well as any intermediate switching stage necessary to
interconnect two subscribers of the same exchange or a
local subscriber with a trunk circuit. The line testing
units and the switching and relay operating units

together with the data buffering elemenis are sometimes
grouped together under the name of interface or transfer
unit. The processing uanit consists of the central pro~
ceséor(s) and the data and program store(s). The operation

of the line circuits, scanner and the switching network
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is inAprinciple the same as the one explained previousiy
for a common control system. The basic differences here
are that: 1- the logic sequence as well as information
about the state of the different narts of the exchange
and the dialled digits are kept in the central processor's
store; and that, 2- the state changes of the lines,
switches, etc. are converted at the interface in binary
digital messages. These messages are transferred to the
central processor through & data link., In the data link,
messages flow in two directions. IMessages are received
by the central processor informing events in the network,
and messages are seunt by the central processor to the
network to producebnew events, like the connection or
disconnection of lines or devices.

The interfacing of a central processor with the
contfolled exchange can be done in several ways ranging
from'the provision of separate interfaces for each épe-
cific task to a single multifunction interface, as in the
case of remote controlled exchanges. |

Markers and registers as those used in non-stored-
program control systems are no longer required since their
operations have been taken over by the processing unit.

One main concern of the designers of stored—prdgram
control systems has been security. The term security is
used in the field of telephone engineering to mean safety

from a total breakdown. The reason for this concern is
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implicit_in the use given to the system. A highly in-
dustrialized and complex social group is extremely de-
pendent on its communicatioa links. Therefore, security
is of prime consideration. Iven in the rural areas of
the most developed countries, wnere telephone traffic is
low, a-high degree of security is usually maintained as
a matter of étandards.

Several techniques have been adopted to overcome
this problem of security. One is the so-.called synchronous
duplicated processor, where two equal processors and
input-output interfaces are working simultaneously and
in parallel,; while only one of them is performing the
control Opération, and the other taking over the control
only in case the first fails. To expand this systeﬁ eve-
rything has"$0 be expanded in pairs. This type of
systém,has already been working satisfactorily for several
years (ESS1, ESS2, AKE 120).F°

Another approach to the problem has been the share-
load technique, where two processors, each capable of
handling all operations, work simultaneously sharing the
message traffic. ZExamples bf such systems are the
ITT-10C (Metaconta)'system and the TXE4 exchanges., This
type of system requires an interprocessor communication
link between the processors which allows them to coordinate
their share of the traffic.

Yet another technique has been suggested to solve

the same problem, It is called multiprocessor control,
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where a set of central processor units have access to

several stores as shown in Fig.5.
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As in the previbus ones, this arrangement presents
some advantages in reliability but also some disadvantages,
‘pariicularly in the synchronization of the central pro-
cessors and in the complexity of the interfaces.

In general, it can be said that stored-program
?coﬁtrol allows a much more diversified operation of the
exchanges than any previous type c¢f control, since the
1numbef ctf services and the number of alternatives to deal
ﬁith the calls are only limited by the size of the pro-

cessor's storage and the designer's imagination.
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II.4 BSOME EXISTING SYSTIIS

In the last 15 years a number of telephone swit-
ching systems with electroniz conirol and with stored-
program control have been constructed and some hasve bzen
commercially manufactured. Due to the rapid expansion
imposed upon the telephone companies of the large urban
communities, the aims in the design of these s&stems
have been:

1- to be able to control a verj iurge number of
switches;

2- to be able to perform the controls in a much
shorter time than is possible with the eleétromechanical
devices;

3~ to reduce space and power cohsumption with
respect to the classical electromechanical systems;

~ 4- to be able to perform more types of services
due to the increasing demand for these by businesses
and industries, and the sophistication of modern society;

5- to make use of new types of hardware and tech-

nigues that will enable the administration to provide

less expensive and more reliable service.

These five aims and the concern for security have
guided the most modern designs of telephone systems.
reared thus to the needs of devéloped areas, they are
often not suitable to the conditions and needs of under-
W3

developed or developing areas. Nevertheless, there is

nothing intrinsic in s2lectronic controls or in stored-
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program control techniques that makes them unsuitable for

rural areas of developing ccuntries. On the contrary, it

can be pointed out that thec: techniques have some advan-
tages that make them particularly suitable, especially
in economic terms, for application in thosevareas.

The number of stored-program control telephone
exchanges actually in operation and production is not
very large, but the number of.systems proposed and in the
stage of experimentation or trial is considerable.

In this section a review of only some of these
systems is considered, specifically of those that have
some relevance or application to the type of system pro-

posed in the present work,

The SP-1 Switching System v

. The SP-1 switching system is a stored-program con-
trol exchange with a capacity that ranges frcm 2,000 to
10,000 lines. "2+ Il mpe central processors (2) and software
are organized in the form of time-sharing multiprogrammed
machines, Figure 6 shows a simplified block diagram of
the system.

The telephony unit, the interface and the central
processor functions ére similar to the ones described pre-
viously in Secticn II.3. The Program Stores contain the
operating prograﬁs and data about the lines and trunks

used by the CPU. The store cousists of 4 modules of

4096 words each. The word's leungth is 51 bits. The Call

* Northen Electric Lab.
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. Store contains the temporary information about the state
of the switéhes, lines and other devices required for the
calls being processed. The Match Circuit (MC) is used to
detect mismatchirg in the information processed by the
CPU's.

When mismatching occurs the MC produces an interrupt
and providés the control program with the store address of
the information producing the mismatching.

This system provides a variety of services like

automatic transfer of incoming calls to another number
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(céll forwarding), abbreviated dialling for frequently
called numbers (speed ¢alling), indication of another
call waiting while a conversation is in progress (call
waitiag), transfer to the waiting call and back to the
previous call again several times. It also allows a-
third ﬁarty to be dialled and included in a conversation
(three-way calling) and several other services. The fa-
cility of offering =0 many services and the possibility
of adding many more without incurring in extra heavy
expenses lies mainly in the fact that the control is in

the form of a stored-program.

The N°2 Electronic Switching Systemnm

This system‘was designed to operate networks that
range between 1000 and 10,000 lines in a nonmetropolitan
exchange office.s‘?’v3 The service features offered to
the subscribers are the same as those offered_with the
earlier and much larger system, the n°1 ESS.K4

Figure 7 shows a block diagram of the 2ESS. 1Its
principle of operation is similar to the systems described
previously. The controls are duplicated, but workirg with
a common maintenauce center. One distinguishable feature
is a semi—autonomous input-output section for each pfocessor.
This I/0 section works in conjunction with the program to
1) scan the lines, and 2) collect dialled digits, tone

signals &nd transmit data. The basic program size for a

small exchange is of 75,000 words of 22 bits each.D”

*Bell Telephone
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The. 10 C Switching System

x

The 10 C switching system is a stored-program

controlled system with a reed relay switchiﬁg network.

*Bell Telephone
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The design objectives were based on the use of mi-
niature dry-reed sealed contacts, a stored-program control
to increase’ the flexibility of the system, computer-aided
maintenance, and a modular structure. Fig.8 shows a block
diagram of the system.

The control is exercised by two procéssors and
duplicated peripheral equipment (I/0), operating on a
load-share basis. A 1000 lines system was installed in
Antwerp, Belgium in 1967. Its call-processing program
'contaiﬁs 13,200 instructioné. The on-line test programs
and man-machine communication program have 2100 and 3900
instructions respectively. Another 1100 and 750 instruc-
: tions were needed for start—up.and recovery, and routine

test programs.

A Satellite Electronic Exchange with Programmed Common

Control
This satellite exchange designed jointly by two

L
01,02 contains all electronic pro-

Danish organizations
grammable countrols. It is built up in groups of 500 lines
each, and uses crossbar switches for the voice paths.
The design objectives have been to simplify maintenance
by concentrating as much as possible the registering and
controlling functions at the main exchange.

The exchange has no registers and the switching

is controlled by an electronic marker which is connected

tc the main exchange by a data link. The subscriber cir-

*Jutland Telephone Company
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cuits have only a small number of registersrand a small
capacitor per subscriber. The exchange is entirely con-
trolled from the main exchange through the data link.
The connection of two satellites with the main exchange

is shown in Fig.9.

ST, S.E.

—— T.Ve — —
S'L. X L] .
HoI. .1,

~\ ,
ToLe
/ edde
M.E. ——— S.J.L.
Fig. 9.

The meaning of the symbols used is:

M.I. - marker and interface D.L. - data link
M.E. - main exchange T.L. - trunk line
S.E., - satellite exchange T.V. - transverse line

S.L. -= subscriber's lines

Some of the attractive features of this system

are: l- the possibility of vsing the first switching
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stage separately as a line connector for up to 200 subs-
cribers, 2- the use of the common control line data link
for several rural exchanges, anéd 3- the possibility of
~using transverse lines as shown in Fig.9. The transverse
line feature applies also when the calling and the called
subscribers belong to satellites that do not have a

common main exchange. Howevef, in each satellite exchange
there still exist a number of control devices and memo-
ries, a calling subscriber number-memory and & signal
memory, which could be removed from them if the main ex-
change were stored-program controlled. The CGS number-
memory is used in the case a call is‘initia%ed when another
one is being established at the exchange. Similarly, the
signal memory is used to receive a call‘when the marker

is engaged.

Nevertheless, by placing most of fhe control in

the main exchange and by using an electronic subscriber
circuit, it was possible to develop a rural exchange of

simple design.

A 20 Line Semi-Electronic Exchange

Many remote areas of Scotland, especially some of
the small islands, share the same problem of the developing
icountries in the field of telecommunications. Small com-
nunities far from each other, witk a low capacity for
lgenefating telephone traffic create the problem of whether

to provide the area with some scrt of switchboard or a
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public telephone. When public telephones are installed,
potential users are often hindered to reach the telephone
box because they have to travel a considerable distance,
and only in extreme cases do they make use cof telephone
communication. To solve this nroblem in the Scotland

K1 a 10 line semi-electronic

Telecommunications Headquarters
exchange for remote areas was decigned.

This unit permits the establishment of local and
long distance calls. The long distance connection with
the main exchange consists of a single channel v.h.f. radio
link. The maximum capacity of ten lines is due to the
single digit numbering scheme necessary to maintain sim-
plicity in the equipment.

When this system was initially designed (1962), a
semi-electronic device wés considered as the best arrange-
meﬁt, where electromechanical relays perform switching
and control functions. Solid state elements are used
only for tue tone generators and the line fiuder unit.

A new design of this equipment with a minicrossbar
switeh and an all-electronic contrbl should reduce the
power counsumption and allowvw simultaneous calls. As if is now,
in the system, a trunk call to the main exchange cannot
be established if a local call is in progress. This limita-
tion‘was imposed to reduce the power consumption of the
bafteries.

This type of exchange does not require any special
housing and can be replaced by a larger one without real ca-

pital loss because it can be easily installed in another

place when needed.



CHAPTER III

A NETWORK WITH STORED-PROGRAM CONTROL EXCHANGES

III.1 SYSTEM DESCRIPTION

 The system proposed here provides for automatic
switching of voice paths conneciing subscriberé located
in small communities scattered over a wide area and a
larger group of Subscribers located in a more densely
populates area. The switching network for the voice
paths is a dispersed dne, as showu with solid lines in
‘Fig.lo; where every remote exchange (satellite) has its
own switching system for local calls. The main switching
centre, located in the larger town, provides switching
of the local subscribers for local calle and for long
distance calls to the remote exchanges or %o other
switching centres.

The block diagram of the signalling system is
shown with dotted lines in Fig.1l0. As can be seen, the
signalling network is a centralized one. Every remote
exchange is connected to a centralized control by means
;6f a two-way data link (including the main switching
lcentre). ~The centralized control consists of a central
‘processor and an interface between the data liuks and
ithe processor. The data that is transferred in the two-

way data link, between the exchanges and the interface,

37
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is in the form of serial binary digits. If the centfal
processor 18 chosen to be a parallel machine, the inter-
face will also act as a serial-parallel converter and
viceversa,

The main exchange will be that of the more densely
populated town or city within the regiom. In most cases
it will be the provincial capital., It will most probably
be housed in the same building as the central processor.
All thosé exchanges within the controlled zone other
than the main exchange, will be known as satellite ex-
changes. Both the main exchange and the satellite ex-
changes within a controlled zone will be regarded as re-
mote exchanges. ‘The word ‘'remote' refers here to the way
the control is exercised by the central processor, and
not to the physical distance from it.

The aim of this system is to keep the equipment
necessary to provide telephone connection for decentra-
lized groups of subscribers (rural areas) at a minimum.
Only one central processor and only one link between each
satellite exchange and the main éxchange is used. But
when the economic situation of the particular administra-
tion allows it, the system can be expanded either in size
or in security, by duplicating the processor and the links
with the satellite exchanges. Security cen also be impro-
ved by providing a link between the satellite exchanges, as
shown in ®ig.10 with dotted lines. 1In this way, if the

link between the central office and a satellite exchange
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is accidentally interrupted, the exchange control is
exercised through the data link of a neighbour satellite
exchange. The voice path is also provided through the
neighbour satellite exchange, »ut all the traffic of the
firgt is handled as if it were a single subscriber of the
latter. In such a case the grade of service of the
-satellite exchange with disrupted link will be reduced
but the exchange does not remain isolated.

The links interconnecting the satellites have the
double purpose of being auxiliary routes during a tempo-~
rary disruption of the main links and lateral paths for
oélls between satellite exchanges. In this way a 'mesh!
type of network is obtained, in contrast to the ‘'star!
type of structure. Advantage is thus taken of the secu-
rity and reduced junction costs characteristic ¢f the
first type, when large areas have to be covered., To
illustrate this point next page shows a diagram of the
trunking network of the Gezira and Managil areas in Sudan
where the network is arfanged in this form;P7

The switching control and signalling of the ex-
changes is exercised by a processor with a stored-program.
The program is permanently present in the main core memory
of the processor and can be easily altered by changing
instructions or 2toring new ones. This is one of the
most attractive features of the system, which allows the
changing of priorities according to the needs, the expan-

sion of the system, the addition of new subscribers and



41

Kab el Gidad
: Vad et Turabi

Tabat

El Huda (3

Managil Area

Wad el
Mansi

Medani

Fak (2)
Hakhir € k) ~terrican
1%&3%kat
Wad .
el GRREIE)
Ghor#shi
Hafayer Hosh
T,mu i
. Wad/ el
Monkatia l Na 2y (1)
| (1 .
ﬂHag
Vad el Abdullah
Haddad )
(3) 7

sennar

© Terminal Exchanges

Trunk and Junction
Network of the Gezira
and Managil Areas

fanual Exchanges

[:::] Aute Manual Exchanges

(3) Humber of trunis or junctions

Goneid



42

testing procedures, by making changes only in the soft-
ware of the system.wé

The program can be written either in assembly
language or in a higher level language. HMost of the sto-
red-program controlled systems, either installed or being
developed, are programmed with assembly languages or
some sort of a 1ow71evel language. The use of high level
language has been investigatedc4’K3, buf up to the present
moment, the main difficulty lies in the requirement of
excessively large memory capacities.

In Section IIX.2 the strat=gy of operation of a
controlling program is shown. Statements and instruc-
tions were writien in the standard form of FORTRAN IV to
allow its simulation in the University of London com-

puters.

The Central Processor

This is basically a digital computer of types
normally available in the market for general purposes,
A simple input/output device to store and modify the pro-
gram in the memory is necessary. The least expensive
device is a typewriter terminal with a paper tape puncher
and reader. The central processor unit (CPU) organization
is that of a general purpose computer and variation between
one manufacture aﬁd.another will not affect the struc-
ture of the whole system, since the controlrstrategy of

the exchanges is concentrated in the stored program.
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The memory capacity necessary will depend mainly
on three factors: thke number of subscribers and of satel-
lite exchanges contrclled by the processor, the traffic_
handled and the number of services provided. It is very
difficult to draw a function of the memory size in funec--
tion of the above mentioned variables. Hevertheless,
an idea of the memory capacity can be obtained from some
existing system. Pig.ll shows the approximate number of
memory words used ih 5ix known systems, It is important
to point out that these systems are designed to operate
with sophisticated networks and therefore require a

memory size much above a minimum requirement.

The Data Link

The transfer of controlling data between the remote
‘exchanges and the interface of the central processor is
carried out by a datia link in the form of serial binary
information. Data incoming to the central processor carry
information about off-hook conditions, trunk calls, dialled
digifs, etc. Outgoing data carry information interrogating
the state of the various devices, or instructions to
cornect or disconnect them.

‘In a simple network the voice path and the signal-
lling can be carried out on the same pair of wires. The
1control gignal can bhe sent on multi-frequency carriers.
1This mode of operation permits the use of data link for

control purposes and for supervision while the voice channel
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is being used.

In relation to the speed of signalling, no real
prObleﬁ_shOuld be encountered since the signalling traffic
is expected to be low. The signalling speed on the data
link is mainly determined by the following factors:

1- the uumber of subscribers on the exchange;

2-‘the average calling rave per subscriler;

3~ the number of messages per call;

4~ the number of bits per message;

_5— the time constraints imposed;
6- the prépagation time through the link; and

T- the average processing time of the messages.

The following figure (Fig.1l2) is a representation
>of the message handling during the set-up of a call. On
the left is the satellite exchange and on the right the

central processor., The vertical axis represeunts time,

off-hook
message is sent
message is received

message is sent

message is received

H H O a W o

dlgl tone is connected: Pig. 12

At time A a subscriber off-hocks his telephone;
at time B an off-hook message is sent to the central pro-

cessor. D-A is the scanning time of the line units. At
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.time C the message is received at the central processor.
The time B-C is the propagation time through the data
linl. -The time D-C is the processing time of the message
and the generation of a message to instruct the satellite
to connect dial tone to the calling subscriver. At time
D the instruction is sent; at time F the dial tone gene-
rator is connected. The time F-A is the time necessary
for.the subscriber to obtain dizl tonme. This is usually
a constraint set by the design objectives.

- The number of subscribers (1) and the average
calling rate (2) will determine the total calling rate.
To the designer the total calling rate is a giveﬁ para-
meter., The propagation time (6) is also a parameter
which depends on the distance between the main processor
and the satellite exchange, and usually negligible. Thus,
only the number of messages per call (35_and the number
of bits per message (4) are left to the designer to op-
timize the signalling system. Let us consider the
following example:

the average calling rate per

gubscriber is 0= 3 calls/B.H.x subs.
the propagation time is tg= 0.5 ms
the average processing time is tpé 1.0 ms
tfhe times (B-A) and (¥-E) are t=t,= 2.0 ms
the number of subscribers is n = %00 sﬁbscribers

;the number of messages in each
‘direction per call is MC= 10 messages/call

the number of bits per message
is b = 32 bits/message
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the number of messages per set-up v
in each direction is MU = 1 mess/call

The average rate of information R(bits/sec)

tfansmitted on the data link in one direction is:

MC

R = . b.n.C

5600

bits/second

The number of biis per call required to set-up a

call is:
S=M .0 bits/set-up

If the rate of transmission adopted for the data
link is R, then the time to send the messages serially

in one direction is:

.MU . b . 3600 _ MU , 3600

T:§-...
R ®MC.Db.n.C NC n .G

t

In this example Tt = 0.24 sec., and,
T, = 2tg+t1+t2+tp+2Tt = 0.6 + 4,0 + 1.0 + 480 = 485.5 ms
that is, in less than half a second the calling subscri-
ber will receive dial tone., PFor larger traffic, a2 higher
rate of transmission through the data link would be
necessary. But, a rate of transmission of 500 bits/sec.

will be sufficient for the type of network and traffic

considered in this work.



The Satellite Exchange

48

Pig. 15 shows a diagram of a satellite exchange

to be remotely controlled by a central processor.

Pig. 13.
ONH
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‘l
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Shift-Reg. ~ end
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The switching unit, preferabtly of the reed-relay‘
or mini-crossbar type, contains one or two switching
stages according to the number of lines in operation.El
The on-~-hook detectors can either be attached to the brid-
ges or to the line gates (uﬁits). In the first case only
one detector per bridge is necessary; in the latter case,
one per line., The line unit operates in the following
way. The counter, triggered by the clock, produces a
binary number of M digits, With M bits, it is possible
to scan up to N=2M subscribers! lines. The counter cycles
from: 000...0 to 111...1 and back to 000...0 . This
binary numrber M is decoded and a 1 out of N outputs is
obtained to gate an AND-circuit. In this way when the
line X produces an off-hook condition, this information
is gated together with the decoder output and an off-hook
signal is generated. This signal gates into a shift re-
gister the value of the counter at that instant (X), that
is, the subscribers' number. An off-hook message sent to
the central processor will generate there an instruction
to the satellite to connect the subscribef to the dial tone
generator and to a single digit buffer-register, cailed
Dialled Digit Receiver (DDR). Dialled digits will be sent
to the DDR and from there to the central processor through
the data unit. Every dialleé digit will release from the
data unit a message to the cenfral proceséor. When the
dialling is completed an instruction to operate the marker

will be sent by the processor to connect the calling subs-

criber to the called subscriber.
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The scanning Jevice of the line unit can be used
to detect whether a called subscriber is free or engaged.
that is, whether the subscriber's equipment is on-hook or
off-hook. When fhis facility is incorporated in the
satéllite, prior to the connection of the ringing current,
an interrogation is made (a message 1s sent by the cen-
tral ﬁrocessor) on whether the called subscriber is en-
gaged or free. TUpon receiving a reply message at the cen-
tral‘processor, instructions (messages) are sent to the
satellite - +to connect ringing current to.the called
subscriber and riﬁging tone to the calling subscriber,
or otherwise, busy tone to the calling sﬁbscriber.

When an on~-hook signal is detected at the bridge,

a message 1s sent to the central processor with this in-
formation to clear the call,

The satellite exchanges considered here are of a
capacity ranging from 50 up to 500 subscribers' lines.
For smaller units, automatic service can be provided with
an extension of the first switching stage used as a line

01,02

connector. In case a small group of subscribers is

very far from the nearest catellite exchange, a 10-line

K1

type automatic exchange ~could be used.

III1.2 THE STOREDN PROGRAM

Fig. 14 shows a simplified flow chart of the sto-
red progran, The computer, controlled by this program,

will be idling if no call is in process. Only when an
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interrupt is originated by an incoming message, the machine
starts to-0perate. Messages arriving from the exchanges
are handled one at a time. A priority scheme in the inter-
face pfevents conflicts when two or more exchanges signal
at the same time (try to produce an interrupt). This
priority scheme is a standard feature of most I/0 inter-
faces for teletype connections.

The stored program is organized in the form of
blocks that perform separate tasks. Tacn of these blocks
may comprise one or more subroutines.

A message (calling signal) arriving from one of
the controlied exchanges into the interface, will originate
an interrupt at whe central processor. This message
carries with it the address of origin and information
about the type of call that has been sent. If the inter-
rupt is accepted, the information of the message is ana-
lysed to determine the block to be called in order %o pro-
cess the message.

At this point, it is convenient to define the
terms message, signal and call, since they are the main
subjects of this section. The terms signal and message
are used interchangeably here, since signal is the electrical
change in the wires, and message, the information carried
'hy the signals.

From the ﬁrocessing point of view, a call can be
defined as the handling, by the central processor, of a

set of messages, svme of which arrive to it from the
’
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remote exchanges, and others are generated and sent by
the central processor to the remete exchanges.

Calils also fall in two categories: local and long
distance, or trunk calls, For the purpose of this work,
local calls are all those within a zone cohtrolled by a
central processor, and leng distance calls are those
between cubscribers that do not belong to the same zone.
The consideration of traffic between the satellite exchan-
ges of the same controlled zone as local, is due to the
nature of the areas considered here. Typically, they
would be agricultural areas where the subscribers, private
or official, are scattered and not concentrated in densely
populated urban areas. If the geographical distance were
the criteria to deterhine whether a call is local or long
distance, one would find in a Sparsély'populated area
that the calls are all long distance, meking the tariff
structure more ccmplicated and defeafing the purpose of
promoting the service.

Long distance calls originating at'aﬁy of the sétei—
lite exchanges or at the main switching centre of a con-
trelled zone are called outgoing calls or outgoing trunk
calls. Calls originating outside a controlled zone are
calléd incoming calls, or incoming trunk calls,

. A message consists of three fields. The first
.field is a code number indicating the origin of the mes-
‘sage; The meaning of the informetion of the other two

fields depends on the nature of the message.
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The messages arriving to and being sent from the

central processor have in general the following format:

CODE ADDRESS INSTRUCTION

Table 3 shows the meanings of the code numbers
and orf the address field., The code structure shown
here serves only the purpose of Gemonstrating the mecha-
nism of the stored-program and nay not be the most ade-
quate. The size and format of the messages willi largely
depend on the ftype of central processor adopted and on
the network structure.

The third field can bé considered as the actual
message. Table 4 shows the use c¢f this field. The

symbols used in that table are:

C = connected

NC= not connected
DT= dial tone

DD= dialled digit
R = ringing

B = busy

U = unobtainable

G = granted

EN= exchange number

Ri= buffer~register number

TN= tag number

DC= disconnected from subscriber
IC= ringing current

RT= ringing tone

BT= busy tone

UT= unobtainable tone
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COoDE Meaning ADDRESS Heaning
This message comes from:
1 ~an OFH condition CGS a calling
- subscriber's
nuber
2 a remote exchange in-
forming the status of TAG an identifi-~
a subscriber's equip- cation number
ment
3 a dialled digit DDR a dialled
digit recei-
ver number
4 an ONH condition CGS .a calling
"subscriber's
nunber
5 an incoming call re- FILE ‘a file number
questing store space
6 a pfoéessing centre FILE a file number
answering a trunk
call
7 an incoming call PILE ‘s file number
dialled digit
8 a processing centre an identifi-
instructing the con- TAG cation number
nection or discon- _
nection of a device
9 a processing centre a called
requesting ringing CDS subscriber's
current for a CDS number
10 a processing centre a calling
requesting that a subscribert's
dialled digit CGS number ‘

receiver and {4ial
tone
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TABLE 4

When Then, the meaning of Instruction field is:
CODE 0 1 2 3 4 5 6 T 8 9
1 - - - - - - - - - -

2 - OPH C+#D? NC RT B UT R B U

3 DD oD DD DD DD wd DD DD DD DD

4 - - - - - - - - - -

5 EN - EN EHN EN EN EN EN EN EN EN

6 - R B U G not G - - - -

7 DD DD DD .DD DD DD DD DD DD DD

8 - RC RT BT UT DC - - - -

9 - TN TN TN T TN TH N TN ™
10 _ RY RN RN RN RN RN RN RN RN

- To illustrate the application of the different

codes, the example in the next page shows a simplified

case of the handling of messages in the processing of a

call.

change and arriving at the central processor.
right are the messages sent by the central processor to

the remote exchange.

On the

The call commences with an off-

hook condition's message sent by the subscriber 5421.

The sequence of messages is self explanatory from the

chart.

On the left are the messages sentAby a remote ex-




5421 is OFH

CGS connected to
DDR 25 and to
dial tone

First dialled
éigit from DDR 25

2nd.dialled digit
3rd.dialled digit

hth.dialled digit

CDS is busy

Busy tone connected
to CGS

CGS 5421 is ONE

1 sh2]
2 25 2
3 25" 5
25 Vi
3 25 1
3 25 6
2 27 8
> 25 5
b sh21

CENTRAL

_ | PROCESSOR

10 Sh2l

9 5716 27
3 25 3
8 27 5
8 25 5

Connect CGS 5421 to -
DDR 25

Connect ringing current
to CDS 5716. Tag 27

Connect busy tone to CGS

Disconnect Tag 27 fron
CDS

Discunnect DOR 25 from
subscriber's line

LS
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ITI.> THE PROGRAM'S BLOCKS

Thé processing of a message is performed by first
decoding the message and then referring it to the proper
block. These blocks are in essence subroutines and the
number of them will depend largely on the number cf ser-
vices évailable to the subscribers. However, a minimun
nunber of them is necessary to htudle the basie services.
In the subsequeﬁt séctions seven of such blocks are brief-
ly explained. A flow éhart of those blezks and a basic

FORTRAN IV listing of them is shown in Appendix V.

The off-hook block (OFH)

When an ‘off-hook' condition is detected by a scan-
ning device, at a renmote exohénge, a message is sent to
the central processor. It is decoded by the stored progran
and referred to the OFF-HOOK block. In this block, an
enqﬁiry is made, on whether or not the service is to be
granted to the calling subscriber (CGS), i.e., normal
- subscriber (NS) versus temporarily out of service (T0S).

In a very simple system, the subsoriber}s number
(sN) is at the same time the equipment number (EN). In
such cases; in order to have a line temporarily out of
service, it would be neoesséry to disconnect the line
physioaliy. Otherwise, a record should be kept in the
memory of those subscriber's numbers not allowed to have
servicé.
| This would increase the size of the memory and

the processing time of & call, and hence the cost of the
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exchange. For a more elaborate system, a translation of
the subscriber's number to the equipment number is neces-
sary. Then the information of a buscriber TOS may be
obfained from the translator.

- If the service is to be granted, the number of
the calling subscriber is stored in one of the memory
allocativns intended for it.

In the satellite exchanges there are dialled
digit receivers vo store temporarily the dialled digits.
The number of these receivers at every satellite will de-
pend on the magnitude of the traffic handled by the
exchange.

In the main storage, an area is reserved to store
the current calls, The following Table 5 shows the
arrays kept in that area, which are necessary to process
a call. »

As'an exampl=e, let us assume that a calling subs-
criber with the number 5421 corresponds to an exchange
that has two DD receivers, and let these receivers be
identified With the numbers RN = 24 and RN = 25 .

Upca receiving the off-hook message:

1 5421

‘and having confirmed that 5421 is a valid and normal
'subscriber, a place in the storage is allocated for the
call and a DDR in the remote exchange is connected to

‘the subscriber's line.
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o allocate a storage and a DDR to the call, the
subroutine ALLOC is used.

for the 'next' available space in the list of calls.

I RH IRN,
1 0 0
2 0 0]
3 0 0
25 1 1

TABLE 5
i |
I |LINK DDR TAG FILE CGS EXNU .DD ND BUSY RING
1 ‘ 1 25 0 0 5421 00 0000 0 0 0
2 % 0 0 0 000C 00 0000 0 0 0
3 4 0 0 0 0000 00 0000 0 0 0
4 5 0 0 0 0000 00 . 0000 0 0 0

This subroutine searches

I Y IPH
1 0 0
2 0 0
3 0 0

/ T~
The

next available space is not necessarily the one after the

last in the list, since, after a call has terminated, the
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information stored for that call is deleted and the space
becomes available for a future call, Therefore, the next
available space may be a space in the middle of the list.
An array called LINK keeps the addresses of the calls in
process in such a way that in any given moment all addres-
seg are 'linked' together. This allows the program to
know at any given moment which is the mext available space.

Table 6 shows an exampls of the use of this arrey.
‘The array and a variable called PROX, containing'the ad-
dress of the next available storage space, allow the sub-~
routine ALLOC to allocate a call in the menmory without
deiay. An alternative method would be to have an array
with a 'flag bit" to indicate if cither the space is
occupled by a call in process or if it is free. Then, to
allocate a call, the program has to scan the list of 'flag
bits' to find a free space, causing every time a éorres—
ponding delay., This waliting time can be avoided by using
the LINK mechanism. Every time a call is deleted the num-
bers in the LINK array are reordered and PROX is set to é
new value.

After having allocated a space for the call, the
subroutine RENU is used to find a free DD receiver in the
remote exchange for the'calling subscriber's line. This
subroutine: searches a list of receivers' numbers to find
which one is free and assigns it to the CGS. TFor this
purpose, three arrays called IRN, RN, and DDR are used.

Let for instance the receiver 25 be free and be
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TABLE 6
I LINK
1 - 2 call in process
2 d— 3 call in process
-t :
5 T T— call in process
L 4 T 1l call in process
5 —— 6 free space
"
6 < 10 free space
>~ 7 T 8 call in process
‘//
8 9 call in process
9 = 4~ call in process
10 —— 11 free space
"
11 —— 12 free space .
ot
12 —“H— 13 free space
J’/
13 —4— 14 free space
/-\_/

PROX

i

5

assigned to a CGS allocated in tue address I. Then,
RN(25) = I , IRN(25) =1 and DDR(I) =25 . See
example on Table 5, where I =1 .,

If no receiver is free the call is considered a
lost call. The information about the off-hook condition
kept in the memory, is deleted by means oi a subroutine
called DELETE and the subscriber's line receives no dial
tone. A new off-hook message has to be received by the
ceﬁtral processor in order to initiate the call again.

Phe dialled digits block (DD)

This block handled the messages carrying dialled
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digits from calling subscribers., When such a message is
received, the calling subscriber's memory allocation is
fournd through the second field of the messége which is a
receiver number. Let that receiver number be 25 . Then,

RN(25) contvains the address of the calling subscriber'é
allocation in the main storage. DNext, the crdinal of the
just received digit is determined, i.e., the first digit,

- the second digit, and so on, and stored in the proper=
place. After receiviﬁg the last digit, and when the
subscriber number (SN) is different from the eQuipment
number (EN), the called SN is translated to the correspon-
ding EN. If the call is an outgoing iong distance call a
filé number is assigned to the call and a message is sent
to the processing centre of the CD3. The FILE and the FN
arrays, kept in the main storage, are similar in nature
to the DDR and the RN arrays and are used as a reference
number between cenircl processors to handle trunk calls.
If it is not an outgoing trunk call, but a call to a
normal subscriber within the same control zone, then a tag
number is assigned to the called subscriber's line and

couunected to the ringing current generator.

The Data Unit block (DAUNIT)

| Message$i§nt by and to the data units in the re-

‘mote exchanges concerning the connection of DD receivers,
?ringing current or tone generators and markers, are handled

by the block called DAUNIT. This block decodes the



arriving messages and proceeds according to the corres-
ponding iustruction. One type of instruction (2 and 3)
is to inform the central processor whether a DD receiver
has been connected or not to a calling subscribert's line
to receive dialled digits, and élso whether the subscri-
ber has obtained the dialled tone or not. The OFH
instruction (1) is to inform the central processor that
a CDS is OFH and the information kept in the main store
about the call can be deleted.

Other instructions refer to the connection of
ringing, busy or unobtainable tone (4, 5 and 6) to a
calling subscriber. And finally there are three other
instructions (7, 8 and 9) from a called subscriber indi-
cating the status of his equipment, either ringing, busy
or unobtainable. 'Upon processing the last type of mes-
sages the central processor proceeds to instruct the re-
mote exchaﬁges to connect the cofreSponding tone to the

calling subscriber.

The Trunk Calls'! Blocks

Three blorks called TRUNKCD, INCOM and INCOMDD
blocks are used to handle the incoming and oufgoing loﬁg
distance calls. The operations performed by these
blocks will be described using the example shown in the
diagram on the following page: |

1- Similarly to the example of Section III.2, the

subscriber 5421 is connected to the DD receiver 25 and had



1) CGS 5421 of zone Ol is
connected to DDR 25 and has
dialled 6 digits

2) The information of this call
vhen stored in the memory looks

as Tollews:

I FILE CGS EXNU DD
b 3 5h21 07 3311
I TN I¥N
3 1

3) A mecsage is sent

5) Under the control of the
TRUNKCD-block four messages are
sent with the dialled digits

8) Under control of the -
TRUNKCD-block messages are sent
to the CGS to iuform the status
of the CDS and to disconnect the
DDR 25

T 5 3
2 25 5]
o 25 5

(& 523

[oamse

on —(C >

S5hel

07

3311

5 01 ?

> ng’“‘—
7 3 3|~
73 3

5 1 —

3 1t

/
3 2 |—

15 3 01

L) The message is stored in CP 07 as
follows:

I FILE CGS EXNU DD under the
2511
INCOM~block

Then,a message is sent.

6) The INCOMDD-block stores the dialled

digits,then assigns the Tag number 27 to
the CDS and instruct to connect the
ringing current.
A message is sent to the CDS L9
A message is received from
the CDS informing that it
is busy

3311 27 |

lz___27 8]

7) A nessage is sent with the information
that the CDS is busy.
A message 1s sent

te disconnect the B 27 5|

Tag 27
The call is deleted.

control of the
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dialled six digits corresponding to the subscriber 3311
in the zone 07.

2- Under the control of the DD block a store space
with address 9 has been alloczated to this call. It has
also alilocated the file number 3 by making use of the sub-
‘routine FPILENU, which operates in thé same way as the sub-

routine PTNU.

35— A message 11 3 Ccl is sent to the

central processor CP 07 requesting store space for this
call.

4— In the CP 07 under the control of the INCOM
block, a spaCé is allocated in the main memory for the call

and a message is sent to the CP Ol with the reply that a

space has been granted 6 3 4

5~ In the CP Ol after receiving the last meésage,
four oonéecutive messages are sent to the CP 07 with the
CDS number.

' 6- In the CP 07 the INCOMDD block handles the mes-—
sages of the trunk dialled digits, find out whether the
CDS number is normal, assigns a tag number to it and
instrubts to connect ringing current to the ¢DS. If the
connection is unsuccesfvl as in the case of this example,
the CP 07 receives a message indicating that the CDS
.number is busy.

| 7- The CP 07 sends a message to the CP 01 infor-
ming of the status of the CDS.

8- The GP C1 uhder control of the TRUNKCD block



67

proceeds to inform the GGS about the status of the CDS

and to c¢lear the call.

The On-Hook Block (ONH)

- The on-hook message indicates the termination of
a call and this may happen at any moment after a éall
has been initiated by an off-hook condition. When an on-
hook message arrives at a central processor, the ONH-
block takes care of the message. After it has been found
whether the subscriber's number that caused the on-hook
was a valid number, the arrays keceping the CGS' numbers
are scanned to find the locationm where the call is stored.
Once the location is found thé call is deleted and the

space made available to another call.



CHAPTER IV

COMPUTER SIGNALLING SIMULATION

Iv.1l SIGIALLING SYSTEM

The large number of combinations of messages flo-
wing through the network and their complexity make it con-
venient to have a tool to study the interplay of signals
between the central proéessor and any of the remote ex-
changes, or other central processors. For the present
work the tocl has been & computing machine programmed to

simulate the signalling éystem.
| This way of analyzing the signalling system allows
one to obtain, if desired, values for the traffic handled
and the grade of service, as a function of different para-
mevers such as: ﬁumber of DD receivers, size of the me-
mory to store the call in progress, delar of the different
parts of the System, etc. Another use of the simulation
’system is for the elaboration and test of the controlling
‘program, That is, given the network as a parameter, with
the number of subscribers, size and capacity of the pro-
cessing equipment and numbering scheme, one can write a
program to control the network, modify end teet it with
%the help of the simulation system. |
This type of simulation can havé extensive ﬁse

considering the advent of the more complex electronic

68
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exchanges and computer controlled networks and traffic.
It is commonly believed that the future exéhanges_will
become more communication exchanges than just telephcae
exchauges. This is due to the increasing amount of data
being transmitted today throvgh the telephone wires, i.e.,
ideo~phone, facsimile, computer data, and so on.w4

Thus, the study of message handling between sen-.

ders, receivers and control centres is relevant not only

for the purpose of developing the system considered in

this work.

IV.2 A LANGUAGE FOR SIGNALLING SYSTENS SIMUOLATION (SS8S)

In order to tvest the controlling program of the
exchanges énd their handling of messages, the dynamic
behaViour of the sYstem was simulated with a computing
machine.

In the course of the present study, no simulation
language has been found, in the available program li-
braries, suitable to simulate the type of system being
coﬁsidered here. So, a language was developed to simu-~
late the signalling traffic of the telephone network
interplaying ﬁith the controlling program. The basic
mechanism of the S5,.,5.5. is shown in Fig.l» on the next
page.

For every message coming into the processing

centre a three stage‘éyclé takes place. The first stage
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is the simulation of the arrival of the message to the
processing centre. A table, containing the next event
of all calls being processed, is searched in order to
find which one will occur first. This table is updated
every cycle at this stage.

The second svage is the processing of the mes-
sage jusi arrivéd. This stage is carried out under the
control of the program being tested.

The thiru stage consists in the generatiion of the
arrival of the next message concgrning the present call,
and of a subseguent message if necessary. That is, if
the present message is the first dialled digit sent by
a calling subsériber, the next message, concerning the
present evént, will be either a second dialled digit or
an on-hook condition. After the arrival of each off-
hook message, a time value is generated for the next
6ff-hook.; After comrletion of the three stages, the
' system is recycled and the program returns to the first

stage.

The Subroutines

The S.S5.S5. consists of a main program and five
subroutines. It is set by defining several arrays or
‘tables and by the initialization of the variables. The
arrays and most of the variables are common to all the

subroutines in the system. The five subroutines of the

S.5.5. are called:
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XCHANGE
FIRST
SCAN
ERROR
CHART

To start the S.S.é. the following subroutines are
used sequentially:

1- XCHANGE: The system is initialized by using
this subroutine. All arrays are set to zero except the
array called LINK, which is set to LINK(J) = J+1 .

Next table shows all the arrays including the
ones described in Section III.4. The values of the
first two columns ere part of an exzmple and are used to

explain the mechanisu of the S.8.S.

PABLE 7
s |NEx? | I |TINK DDR TAG PILE CGS EXNU DD ND BUSY RING
2 15 {1 1 25 00 00 5421 000000 O ©O O
1| 6 (2] 3 0 00 00 0000 00 OQ0O0 O O O
0] 10°[3] 4 0 00 00 0000 000000 O G O
ol 1024 s O 00 00 0000 00 0000 O O O
'_,_'-——-"_'—\1
’-—h-\
\ ’/ - \\v”’/
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2- PIRST: This éubroutine initiates the S.S.S.
cycle by setting up in the table an arbitrary complete
first cycle. A calling subszriber (5421) has produced
an OFH condition and an OFH message was sent to the pro-
cesging centre. The DD receiver (DDR(1l) = 25) has been
assigaed to it. Thus, RN(25) =1 and IRN(25) =1 .

The automatic assignment of a DD receiver ( if
available) to an off-hooked subscriber has been descri-
bed in Section III.4 and is part of the uperation of the
controlling program (Step 2).

To complete the cycle the next event of the pre-
sent message is determined by setting S(1) =2 , and
its arrival time is obtained from a random ﬁumher gene-
rator (Step 3). ‘“this value of the S-code means that the -
next event is a reply indicating whether the DD receiver
has been connected and that the CGS has dial tone. Si-
 mu1taneously,‘the times in which this and the next OFH
will occuf are also generated.

The following list shows the meaning of the code

numbers §.

Meaning~ the next event of the present call will be:

8

1 an off-hcok message;

2 a message informing whether a DD receiver has been
conneétéd and the CGS has dial tone;

3 a message with a dialled digit;

4 a message informing that a CDS is either ringing

or busy;
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S Meaning
5 a message informing that a CDS is OFH;
6 a wmessage informing that a long distance CDS is
either ringing or busy;
-7 a message from a long distance processing centre
'informing whether a space has been allocated fcr
a trunk call;
8 2 message informing fhat a CGS has ringing tone;
9 a message informing that a CGS has busy tone;
10 a message informing that a CGS has unobtainable
tone;
11 an incoming trunk call message requesting a space
for a call; .
12 a message with an incoming trunk call dialled digit;
13 an on-hook message.

3- SCAN: This subroutine is oberated in the first
stage of every cycle and its objec%ive is to scan the NEXT-
array and update it. The NEXT-array contains the time-
value assigned 1o the next event of every call, that is,
to the next message associated with each call being pro-
cessed .or to be processed. Thus, with the SCAN subroutine,
the NEXT-array isﬁ?anned and the message with the smallest
“time-value is selected for the present cycle. Once the
next meésage haslbeen found, the FNEXT-array is updated,
3that'is, the time-values of all “~he next events are re-
’duced by the amount of the time-value Jjust selected

during the scanning.
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4— CHART: Thie subroutine, when used, produces a
print-out of all the arrays in the main storage of the
program under test and those of the simuiation systez.
Thus, at any given iunstant a state of all calls being

processed can be obtained.

The generation of random arrival time

The arrival time of the next event of each call
being processed is kept in the array called NEXT. This
~ time is generated in.the third stage of the $.8.S. cycle,
in some cages with a random number'génerator, in others,
by assigning a fixed time value.

-Under certain assumptions,* the initiation of
calls arrive to.an exchange in accordance with a Poisson
probability law at a rate of X initiated calls per unit

b. call, after

time., Thus, the waiting time for the kt
the last call has been initiated, obeys a gamma probability

law with ﬁarameters k¥ and A . Thus, the probability den-

8ity function isng;FB
p(t) = —A— At)EL A por 4 z O
(k-1)!
=0 ' for t < 0O

* The assumptions are that the number of subscri-
bers is infinite, and that there is independence bvetween
the calls. The first zssumption is valid in the sense that
the number of subscribers, and thus the poteatial number of
calls at any given instance, is many times larger than the
traffic, that is, fthe number of calls in progress. The se-
cond assumpiion is valid in any particular instance of time,
but not when a period of several rinutes is considered, since
the ocrurence of a second call way be affected by a first one.
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Here, the interarrival time of such events is of

particular interest, that is, the case when k =1 . Then,

p(t) =R e ~AF for t z

v
o

=0 fOft-(O

which is usually called the negative exponential density
" function.

Most computing machine libraries (subroutine li-
braries) contain random number generators with uniform
distribution. To obtain a Sequence of random digits
with a negative exponential distribution one can use rén-
dom digits %(Q and i), with a vniform distribu-
tion and a transformation function.’

Let the transformation function be:

t = g(I) = log, (1-1)

N

where T is a random variable with a uniform density func-

tion and values between 0 and 1 . That is:

p(T) = 1. for 0z T =1
Then, the probability density function of t isstt
p(t) = REL - 3
| g ()] 1
| Py e=m
p(t) = A (1-1) = A eF

Thus, using the sequence of random numbers T and
the transformation function t == g{(T) , one can odbtain a

stream of random nunmbers with negative exponential



17

distribution.

-The Time Structure in S.S.S.

Wheﬁ the simulation is started the array HEXT
contains a stream of random bumbers with negative exponen-
tial distribution and A =1 , that is, at the éverage '
arrival rate of one initiated call per second. In the
simulation program one second is represented by 100 units
of time, that is, every unit of simulatéd time is 10

~milliseconds. At the same time, the value of §5 is made
.eequal to one in all locations. This means that a stock
of 100 potential calls is kept in the storage and will
be handled by the program under test in accordance with
the time value stored in NEXT.

| Every time a call is terminated and a space is
vacant in the main storage a new OFH or incoming trunk
call is generated. In this way a constant stream of

calls is maintained and the stored-program can be tested.



CHAPTER V

OPTIMUM INVESTMENT STRATEGY

V.1 PLAN OF INVESTMENT

A telephone network, as most infrastructural ele-
ments, can be planned and designed in a relatively short
period of time, but its implemcntation will undoubtedly
demand seviral years. Therefore, decigions have to be
made as to which parts of the network will be built (i.e.,
invested in) in the first, second and subsequent stages
of construction. Such a set of decisions is called a
plan of invesiment. | |

‘A given plan of investment that produces é paxi-.
mization bf profits, as regards those factors concerned,
will be regarded heve as an optimum »lan of investment.
However, this does not necesaérily imply +that economic
profite have to be made., Particularly during the periods
: of'buildingiup the infrasiructure, the telephone network

Lmay‘have'only-economié losses, In times of no economic
profit, similarly, the,criteria will be that of ainimi-
zing losces,

Needless to say, in asgsigning priorities to the
consfructioa of the different paris of the neitwork, thé
number of alternatives will be very large énd the selec-

tion of them can be affected by many factors of sccial,
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political, military or economic character. In general,
the main interest of the administrative body is to
maximize the rate of return on investzsd capital.

Nevertheless, the adminiétration may include in
the optimization procedure the non-economic factors,
(that is, the social profit) since the ultimate goal of
the network is & socio-economic one,

_ When evaluating the optimum program, a certain
profit or pay-off is assigned %o each investment. In
this way Bocial, military, political or other types of
profit can be conveniently scaled in monetary units and
added as if they were part of the economic profit of
that particular investment. Or, alternatively, & weight
~can be assigned to the projects if they are ranked in

order of importance.

V.2 STAGES OF OPTIMIZATION

The problem of optimizing investments in telephdne
networks can be approached in two different ways. The
first one is the detqrminatibn of the optimum investment
plan for a given telephohe network, when the final form
of the network is known and fixed, that is, when the
fiﬁal-system structure 18 a parameter.: The second one is
the determinution of the optimum investment plzn to be-
fOllowed whén, due to unexpected demand or to unexpected
ecoﬁomic or social develbpménts, the network structure
hes to be changed in one or more of the periods of

investment.
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For obvious reasons the second approaéh wiil seemn
to be more appropriate for a developing society than the
first one. This will require that in every investment
period a revision of the state of the network be made
considering the new circumstances,

It may seem inconsistent te design, let us say,

a ten-year plan, and then, after one or two years, to
modify the plan. Nevertheless, this is precisely what is
needed when no accurate forecast can be made of the socio-
economic Ptohaviour of the country or society in conside-

Il

ration. Therefore, a flexible way of optimization is

more adequate than a rigid one, and that policy is the
one follswed in the present study.

Moreover; 0ptimizafion can be carried out either
in one single stage, in which the whole system is.consi~
~dered in detail, or invseveral stages. In deciding the
stages to be adopted a value judgment is introduced which
may alter the results, and this value judgment will af-
fect the results more critically, according to the com-
plexity of the problem. On this subject Duncan Luce's
comments are particularly relévant:L3

To deal with complicated decisions it is usual

to subdivide them irto two or more stages: +the al-
ternatives are grossly categerized in some fashion

- and a first decision is made among these categories;
the one chosen is further categorized and a second
division is made, etc, It is commonly accepted, and
is probably true, that when such a multistage process
is necded the overall result depends significantly on
which partitionings are employed. One senses, however,
that if the decision situation is quite simple-- s0O
that a two stage process is not really needed-- then
the intermesdiate categorization, if used, will not
matter,
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In this thesis both ways, the stagewise optimi-
zation and a single stage optimization are shown. For
the first case the solution will be subdivided into two
stages. In the first stage, (Section V.6), which can be
called the macro-program, the best set of projects for
the coming period of investment, will be‘selected. This
first stage takes into consideration all environmental
constraints, among them the final structure of the net-

‘work, but does not consider the budget as a constraint.Ill
In the sécond stage, or subprogram, (Section V.8), the
selected projects for one period will be optimigzed, since
the budget'alloted for investment might be less than
thet required to implement the selected set of projects,
.Ih other words, with the subprogram one can find how
‘much of'each'of the gelected projects can be built in the
period being considerad.

The two stages of onimization are carried out by

.'using.in each case a different algorithm, This general

51 in a

~approach has also been followed by M, Soewarso
cage gtudy of Indonesia. The main problem in that siudy
lies in the fact that the algorithm used in ths first
stage cannotvguaraniee‘an optinmum and the procedure
' followed in the second stage may lead to a very compli-
}cated situation.where it may become necessary to appro-
zimate the results.

In Sections V.6 and V.8 this type of optimizaticn
is used but important modifications are introduced in

each Btage. The first stage 1s carried out with a
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modified version of Reiter's algorit‘nmR3 for the selec~
tion of independent projects where, even though the
absolute optimum cannot be guaranteed, the probability
of reaching it is considerably increased. The second
stage is carried out by considering the problem as a
knapsack problem and is solved with a dynamic progran,
thus avoiding the problem encountered in the work of
Soewarso,

In Section V.9, instead of considering the problenm
in two stages, the problem has been sclved in a single
stage. The algorithm used in this case guarantees the
optimum selutibn, reduceg the over-all computing time and
allows the observation of a wide range of solutions
simultaneously for different budgets.

| During the present work this approasch has been
found more satisfactory in many ways than the multi-stage
apbroach. But the latter should nevertheless be consi-
deéed as a useful method, for even if an absolute maxi-
mum cannot be guaranteed, the partition of the solution
in several stages alldwé the problém to be solved with a
small sigze computer, whereas the one-stage optimization
| requires in some cases a considerably larger memory.
At the end of Section V.9 the results obtained

with both methods are discussed,

V.3 THE IKVESTMENT MODEL

Following the technigues used in operations re-

search, the solution to the problem cf optimizing an
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investnent plan requires a model., This model is a
matnematical description of the investments, incomes and
running costz of the different parfs of the network’under
study. The model and the algorithm used here are very
general iu structure and could be used for other types

of network, although it was specially intended for tele-
phone communication networks. To solve a particular
problem using this model, the number and value of the
different parameters, as well ~s the number of variabdbles

have to be fitted to the particular case.

" Planning time

Tne total cost of equipment and installation of
the telephone network will amount to.C monetary units,
But funds for only:an amount of’ft units are available
from the budget in a given period. Thie amount could be
thé same or different from period to period. If the
total number of periods is T, the total cost of the
network is: |

.
¢= 5 »ft

Then, assuming tbat in every period the same
anount P is available, the construction time will be ex~-
tended over at leuzeth:

7 E% periods.



Here, since government budgets are usually doue
on a yearly basis, and also for the sake of simplieitby,

the period of planning is assumed to be of one year.
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But it could, of course, be of any appropriate length of

time,

The number of periods T is not cnly limited in
the lower bound by the availability of funds to pay for
equipment and installation, but also by the capacity of
the administration to install the equipment and train
the service personnel, and also by the capacity of the
supplier to deliver the equipment. Consequently, the
administration should notvtry to invest, within a given

period, in more equipment than it can install.

V.4 SUBDIVISION OF THE NETWORK '

For the purpose of this model the network siruc-

- ture is-subdividedras follows:

».

Graphic :
Symbol Size given by:

-amount of traffic

1- processor system
_ to be handled

2~ satellite exchan- . . N number of (100)
ges {locel wiring, = \/ lines
switching 2quip- '
ment, interfacing)

>

3=~ trunk circuits

" number of channels
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The following diagram sliows an example of the

type of network considered here.

\,<]5

N /A

: [>__-‘ ' <Ju5

Figo 16.
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The whole network is subdivided in zZones, each
one consisting of a main processiﬁg centre and a number
of satellite exchanges attached to it. The long distance
connections are asymbolized by the links\(trunk circuits)
between these zones, each containing & certain number of
channels.

This representation of the network serves only the
purpoge of the present study. Physically the different
parts of the network may not be grouped as they are
sbown in the diagram. Por instance, the processing cen-
tres are physically located near of or within the same
building of the largest switching centre (main exchange)
of the zZone. But from the point of view of the proces-
8ing centre, the main exchange is attached to it as any
other satellite exchange, since all switches are 1emotely-
~controlled by the central processor. In the above dia-
grém‘the'main exchanges can be distinguished from the

other satellites merely by the number cf lines.

V.5 VARIABLES OF THE MODEL

This section describes most of the varisbles used
in the model for the economic planning of the network,
and, when necessary, an explanation df their use 1s also
.given. These varisbles and parameters will be used in

Séctions V.6, V.8 and V.9 for the optimization procedufes.



87

Commissioning costs

Processing Centres.~ The cost of the processing

centres is subdivided in the cost of the processing ma-
chines, building sites, étc., and that of the additional
facilities necessary to enlarge jhe centre.

The cost of the processing machines and their
software's I/0 devices is not dependent, from period to
period, on the number of lines in operation, because the
processors' capacity is inteﬁded for the handling of
future demands. Howéver, the cost of the interface equip-
ments and the additional core memories are proportional to
the number of lines controlled by the processing centres.
Therefore, additional cost per line will not be consi-
déred as pért of thue prOCessing centre;‘ costs but as
part of those of the satellite exchanrges.

Then, we define: g, = fixed cost of processing

. io
~centre i (g8)*

Satellité Exchanges.~ The pace of wiring the local

-

'network is in general different from that of the construc-
tion or expansion of the satellite exchanges' equipment,.
The'cost of the wiriag of the local network is minimized
if it is done all at once in each local areé. (See Appeundix
iv.) On the other.hand, the exchange equipment can be ex-
paﬁded many times without incurring extra heavy expeunses.
Thus, fhe cost of the wiring of the local network will be

considered as a fixed cost and the expansion costs of the

* The symbol B is used to indicate an arbitrary
monetary unit. '



satellite equipment will be considered as proportional to
the number of (100) lines. The cost, per 100 lines, of
the satellite equipment includes the cost of the necessary
interface in the processing centre and the additional core
memory facility (if necessary).

The following variables express the costs to com-
mission the satellite exchanges:

Q. = fixed cost of the wiring of the local
10 jetwork i () ,

Q; = cost of exchange equipmenti per 100 lines
for the satellite i (/100 lines) .

Trunk Circuits.- For the ftrunk circuits a diffe-

rence has to be made befween the cost of the station equip-
ment (i.e., multiélex equipment, etc.) and the transmis-
sion equipmént;Fz In general it can be stated that the
cost of transmission equipment is more or less proportional
to the length of the 1link and independent of the number of
ohannéls, since the installation is made fof a future de-
mand. However, the cost of the station equipment is in a
way proportional %o the number of channels. The following

variables define the commissioning costs of the trunk circuits.

s, cogt of transmission equipment for the
. trunk i (8) , .

q; = coet of station equipment for the trunk
i,per channel (%/channel).

Thus, the cost variables for any project i can be
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generalized as follows:

q;, = fixed cost of project i (8)

a4

cost of project i per item (g/item) ,

where the items are either 100 lines in the case of the
setellite exchanges, or channels in the case of trunk

circuits.

Running cosis

| The definitions of the following variables are
made under the'assumption that the running cosis of the
different parts of the network start immediately after

their installation.

Processing Centres.- The running costs of the
processing centres are relativeiy independent of the num-
ber of satellites connected to them or to the traffic
handled; so that a fixed running cost for each processing

centre per year is assumed. -

P;, = running cost of processing cenire i (8/year) .

Satellite Exchanges.- The satellite exchanges are

subject to a fixed ennual running cost for the main
equipment, building site, link with the processing centre,
interfﬁce equipment, ete., and a running cost that depends.
on the sigze of the exchange, which is mainly for the main-
tenancé of the local network and subscriber's equipments.

Thus, the running costs for the ﬂatéllites are:
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Pi = running cost of the local network of the
satellite i, per 100 lines, per year
(3/100 1lines . year) ,

Pio = fixed running cost of satellite exchange
i, per year %S/Year) .

Trunk Circuits.~ In the case of the trunk circuits,

the fixed running costs are much more important than
those given by the number of channels., Therefore only
& fixed yearly running cost per trunk circuit will be

- assumed,

Pio = fixed annual running cost of the trunk

circuit i (8/year) .

The running cost variables for any project i can

be generaligzed as follows:}

i

P, = fixed running cost of project i (8/year) ,
Pi = running cost of project 1 per item
- (B/item . year) .
Incomes
The following variables define the income obtained
froﬁ operating the telephone network. |

Satellite Exchanges.- The yearly income derived

from the local calls and from the monthly basic rate paid

by the subscriber is:

Ii = income from satellite i, per 100 lines,
per year (§/100 lines . year) .

Trunk Circuitg.~ The yearly income obtained from
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operating the long distance network can either be given
per channel, that is, between two zdjacent zones, or for
each route, that is, between any two satellite exchanges,
Both are possible, esPecially during the time of commis-
sioning the network, since the number of channels in
operation will barely ccver the traffic demand.

In the case of dealing with single trunk circuits
the yearly income is:

I, = income from the trumk circuit i, per

channel, per year (£/channel ., year) .

In the case of deal;ng with the traffic from routes
between any two satellite exchanges, the incomes are given
in the |A|-matriz., The element Aij is the income obtained
from the traffic between the satellitec 1 and j. These
 incomes can only be considered when & route between the
satellites is comﬁleted, To satisfy this constraint the

Al -matrir is used,

Route Income Matrix:

1’ .

2 .
lAI = i . » s ° AlJ

e 0

}1
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Aij is the income per year obtained from the traffic
of route i-j. '

Route Constriction Matrix:

1" .
2 ~N
[>\I - i . . . ~ o\ Aij
. 0 <
~
* N
M N
where: A 1 1if a route between i and j is completed,
13 o otkerwise,

The entries of this matrix insure that no income
Aij enters the caiculation of the economic profit, if the
~route is not completed.

Constriction on the Number of Items.~ Each project

consists of a number of items; i.e., the satellite exchange
i planned for a {total of 760 lines, will consist of 7 items.
The numbér of items ofvproject iat fhe complation of the
.network is bi . The number of items to be commissioned
in a given period is b? .

Thus, in a givewu period, the cost ofAcommissioning
the project i is: |

Q4 = Q30 + bf - 93

the running cost of project i is:
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and the net income from project i is (excluding that
from long distance calls) :

= Db -1
Ni bi . Ii Pi .

V.6 MACRO-PROGRAIL: AIl ALGORITHIM FOR THE SELECTION OF
THE BEST SET OF PROJECTS

This section deals with the first of the two siages
of optimization of an investment plan for a telephone |
network, as indicated in Section V.2. The idea behind
the macro-program is to select those parts of the net-
work which are of more profit or importance for the
whole area,.

To optimize, in the senss of seérching for the
best inyestment, one has to fragment the network in
smaller parts. In this case, the different pieces of
‘hardware for the processing centres and satellite ex-
changes as well as the installation of the local networks
and the trunk circuits are broken into a number of dis-
cretve parts whick cannot be arbitrarily small. For
example, a central processor or the building site of a
satellite exchange are discrete elements which must be
considered as indivisible parts. Thus, the network and
its installation is sulLdivided into many projects, each of
which can be independently built or installed.

The projects are independent of each other in the
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sense that any one can Be selected tvogether with aﬁy
other one, and the profits from two or more prbjeets
taken tdgether may be less, equal or larger than any of
the two profits taken separately or the sum of the indi-
vidual profits. The projects are numbered 1, 2, ..,p
and for each project i a profit can be calculated, |

A selection of projects can then be represented by

‘a vector
{Vk(vl? Vos eess V)| Hl]

where the elements vy form an ordered set with the

following values:
1 if the project i is selected

v, =
1 0 1if the project i is mnot selected

for 1 = 1, ... M

and H, is the sei of constraints impoéed to Vi . These
constraints determine when a project is ‘acceptable’ and
can be commissioned, since it can be put‘in operation
only if some other projects are, or have been, already
commissioned. ’ |

Every vector {Vk(vi)! Hi} will have a ranking
. R(kaHl) given partially by the individual profits of the
projects in the vector and partially by other factors.
Now the optimization consists in finding the,vectorl
{Vko(vklﬂl)} that has the maximum ranking R(Vko) . In
order to do this several algorithme have been studied
and compared, and these results are shoén in Appendix i;

Algorithm C has been worked out to improve Reiter's algo-

rithms (A and B in Appendix I) in increasing the proba-
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“ bilivy of reaching the ahsolute maximum.

It is perhaps impcrtant to remember that the conu-
traints H1 do not include the budget constraint, since
the first stage of the optimization consists in finding
fhe best selection of projects without regard to whether
they can be financed. In many cases the best selection
of projects may involve an investment larger than ft ’ |
‘the available share of the budget for that period. It
will then be necessary to find how many of the projecis
can be commissioned, 'This‘is done with the subprogranm
in Section V.8.

The Algorithm C

A Shorough discussion of this algorithm can be
found in Appendix I. The following eteps describe the
algorithm.

I~ A random vector {Vk Hl}is selected and its

ranking R(Vlel) is calculated. |
| II- All possible vectors {Vk'Hi}', resulting from
deleting or adding one project at a time are searched
and their respective rankings R{Vk|ﬁl) are calculated.
The Search stoped when the first positive gradient is
found by:
6k, x+) = R(V|H) - R(Vy,| Hy)> 0

III- The vector V., thus obtained is teken as the
new starting combination and the procedure is répeated-
again as from (I), until d-vector Vo 38 found, such

that: _
G(ko, x)= 0 , for 81l x
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IV~ Next, the algorithm is reinitiated, from (I),
but instead of & random vector, the veetor {VkslHl} is
taken as the starting vector. Here Vks is as Vko but
with two projects changed (deletcd or added).

V- This procedure 1is continued several times,
finding eachu time a vector V1o that satisfies the inequality
of Step IIT, ‘The vectors Vko.may all be different, re-
presenting each of them a local maximum. The probability
of reaching the absolute maximum, in a given number of
iterations, is proportional to the number of local maxima
and to the distribution of the starting points with
respect to the local maxima, -

_ VI~ Finally, the ordered set Vi s corresponding to
~ the vectof {vkolHi} with the highest rank, is taken as

the best selection of projects.

The Ranking of V,:

In what follows, and for the sake of simplicity,
a vector {Vlel} will simply be referred as V, . The

overall ranking of a vector Vk;is:

R(Vy) = R (V! « Re(Vy)

vhere: Re(Vk)‘is the economic ranking of V. ,

andv : Rf(vk) is the *'functional! ranking assigned to Vk'
By functional ranking we understand a weight-vaiue
which is a function of the criterion not included
in the economic rankingo This functional ranking,

as will be seen in Chapter VII,follows from the
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gocial welfare functiom.

In every period the ranking of the projects has to
be done again. This is so because alterations and un-
foreseen developments may affect *he economic profit of
the projects as well as the social profits, as was pre-

viously indicated in Section V.2.

V.7 ECONOMIC PROFIT

| In national plannihg, complications arise when/inz
the optimization process, multiple objectives are present
ané some of them are conflicting, that is, when the atiain-
ment of cne objective precludes or impairs that of the
others. %o this situation two approaches have been taken
by operation researchers. The first is the method of
pre-assigned weights, where relatiive numerical weights are
assigned to the projects in order to scale the various
objectives. Thus, the value judgments are introduced at
the beginning of the optimiza%ion. The second approadh
is the efficient surféoe method, where the value juégments
are introduced at the end of the optimization process.*

Hl suggests the efficient surfece me-

F. Hanssman
‘ thod as more suitable for the national planniug of the

economy of underdeveloped countries, when all commodities

* The introduction of value judgments can be simply
done, either in the form of weights or by using the tech-
nique called Goal Programming, where instead of weights,
ninimum requirements are imposed in the programming
procedure. ’
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and services are simultaneously taken into account; as
hc argues that the pre-assigned weights may loose their
meaning through the elaborated processes of optimization.
Clearly in the case Hanssmaun describes, there is
a large number of conflicting objectives. But the pro-
blem treated here is different in that the optiwization
is for only one element of the infrastructure. 1In this
case the iinal objective of the administration is the
completion of the network. The different projects iﬁ
which the network is subdivided do not have conflicting
objectives in the sense that the commissioning of one
projects does not preclude or impair the coméissioning of
another; it may only postpone 1t to the next period.
Here, a modified version of the method of pre-
assigned weights will be applied to give to the economic
ranking of each project the possibility of being weighted

acdording to other factors, i.e., social profit.

The economic profit

In general, Re(Vk) will be defineu as the felation
between the contribution of Vk to the desired objective
and the amount of scarce fesources necessary to commission
‘ Vk ; This ratio is calied the 'rank' of Vi - That is:

contribution of Vi to objective

Re(vk) = .
scarce resources to commission Vk

In addition to the variables defined in Section
V.5 the following matrix will be used to insure that the

constrictions Hl are met,
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System Conatriction Matrix (Acceptance Matrix)

This matrix contains the information required to
decide if vector Ve is acceptable, that is, if Vy meets

the constrictions Hl ,

1 2 . . J . « M
1 .
2 .
IX! = ; x.
* [ . ” ij
p
where:
1 if nroject j is required to commission
Xij = ( project 1 -
O otuerwise
fOl“ : ‘i, j = 1’ ¢« °* e ,/“ '
- A vector V, belongs tovthe_set of vector {Vk 1H1}
if and only if H
B gV B

for gll i such thaﬁ vy = l , where i =21, . . . y M

In other worda,'g gelected project Vi is acceptable
if kij;'vj for all j, and a vector vk is acceptable if all
selected projects (vi = ) are accepitable,

The meanihg of the entries of this matrix is the
following: if a selected project i1 corresponds to a satel-
lite exchange, it is necessary to find if the corresponding
processing ceatre J has also been seleéﬁed. If a Selected>

project i corresponds to a processing centre, it is necessary
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to find if at least one of the connected satellites j
has also beenrselected. if a selected project i corres-
ponds to a trunk comnecting the processing centres j and
k, it is necessary to find if both processing centres
J and k have been selected. In order to ensure this
.condition in the system consiriction matrix, the entries
xij and Xik are not set equal to one, but equal to Vi
and V:j respectively. The exawmple in tue next page will
illustrate this point.

With the variables defined in Sections V.5, V.6,

and in this one, it is posaible to write an expression

for the

]

contribution of Vk}

P M
N' .V' + A '.A’ ’.v
to the objective :;; i Z; 137713773

i, =1
and the
scarce resources E .
.tO’éommisBion \ .1 ) Ez R
'S i=1

Then, the ecouomic raunking of the vector Vk is:

r 4
R 2{: Niev, + z; Ay WALy v
R(v) =izt T T agm 171049
e V'k! T ¥
;;% Qjevy
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P s
E;’bi.li —(pio + bi’pi)'vi + 23 Aij'vi‘vj'kﬁ
R(V )=l’-'-' : i,,']:l

e‘' k ‘t (

qio

Py + bi.qi).vi
Examples

The next figure shows & very simple network with
five satellite exchanges, three processing centres and
two trunk circuits. In this over-simplified case, there
are 210= 1024 possible vectors Vk , but not all of them
are acceptable. The numbers inside the blocks in the
figure Indicate the project number and the numbers en-
circled indicate the number of items for each project.
Thus, project 1, for instance, ccnsists of a satellite

exchangekwith 30 times 100 lines, ¢nat is, 3000 lines.

G ©) | Pig. 17.

1

.

©

Op— s —<q®

From the network structure and‘the'previous de-
finitions, the following three macrices can be written.

All the costs and incomes in. this example are completely
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arbiirary and have the scle purpose of demonstrating the

application of the algorithm.

The System Constriction Matrix:

1 1

2 1

3 1 1 '

4 v5 v3

Xl = 5 1

6 1

7 Vg Vg

8 1 1
9 1
10 1

The ehtries,of the matrix, in the case of a sat-
tellite exchange or a central processor, are 'l' . The
meaning'of this is as follows, When the algorithm has
to determine whether project.B is acceptable or not, the
condition Xyq.Vq + x32.v2§;1 has to be met. Since
Xgq = x32 = 1 then, either vy or v, has to be equal. to
one, In the case of a trunk circuit, (number 4, for
instance), instead of 1 in x,5 and X,5 , the values of
Vg and.v3 are inserted. Thus, if in a given setAof pro- .
jects, projects 4.and 5 or 4 and 3 are included ﬁutAnot
all three of them, the condition :
x43.v3 + XygeVg = v5;v3 +}v3.v5 >1 will not be net.

- In the matrices, for simplicity, only the values
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that may be different from zero have been entered.

The Route. Income Matrix:

1 3.0 1.8 1.25 1.0
2 1.45 1.37 0.3
3
4

o]l = 5
6 2.5 0.6
7
8
9 3.0
10

The Route Constriction Matrii:

; Ao Mo N9 N 10|
3 A6 Mg M 10
4

A= 5
6 Mg M6 10
7
8 -
9 A9 10
10




where:

A
12

A
16

A
19

A
110

A
26

costs and installation costs or every project.

A
6 10

A
9 10
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V3oV e Vg eVoaaVg
v3.v4.?5.v7.v8
VgeVaeVg
VgeVogeVg

V8

The following table shows the incomes, running

values shown in the table are x 10° g .

R - N LR S R

]
o

Iy Py,
4.0 4.0
4.0 4.0
0.0 10.0
2.0 3.0
0.0 6.0
4.0 1.0
1.0 1.0
0.0 6.0
4.0 2.0
4.0 2.0

Py
1.0
1.0
0.0
0.0

0.0

1.5
0.0
0.0
1.0
1.0

io
40.0
36.0
60.0
16.0
21.0
.14.0
8.0
21.0
20.0
14.0

The
93 bi
16.0 30
14.0 5
0.0 1
1.0 4
0.0 1
10,0 20
1.0 2
0.0 1
12.0 . 20
7.0 2

In the following page a 1list of all acceptable

projects and their ranking is shown. In this example i%

is posgsible to carry out the total enumeration of the

accepvable set of projects due to the limited number of
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them and the structure of the network.

Project Combination Ranking Total Cost
13 0.1310 580
23 0.0060 166
123 0.1312 686
56 0.1830 235 .
1356 0.1460 815
2356 0.1097 401
12356 0.1444 921
13456 0.31507 835
23456 ' 0.1198 ‘ 421
123456 0.1501 941
89 0.1851 281
1389 : 0.1487 861
2389 0.1.186 447
12389 0.1468 967
5689 0.1841 516
135689 0.1560 1096
235689 0.14G8 682
1235689 0.1539 1202
1345689 : 0.1593 1116
2545689 0.1459 702
12345689 0.1581 1222
56789 : 0.1873 526
1356789 0.1578 1106
- 2356789 : 0.1438 692
12356789 0.1555 . 1212
13456789 0.1621 . 1126
23456789 0.1507 712
123456789 0.1618 1232
810 -C.0408 49
13810 , 0.1176. v 626
- 23810 ~0.0047 215
123810 0,1197 735
56810 0.1444 284
1356810 0.1354 864
2356810 0,0933 450
12356810 0.1351 970
13456810 : , .- 0.1400 - 884
23456810 0.1031 470
123456810 0.1407 990
567810 0.1449 294
13567810 0.1357 874
23567810 0.0948 460
123567810 0.1353 980
134567810 0.1414 894
234567810 0.1049 480
1234567819 0.1421 1000
8910 0.1909 309

138910 - 0.1519 889
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Project Combination Ranking Total Cost
258910 0.1263 475
1238910 0,1497 995
568910 0.1875 544
13568910 0.1584 1124
23568910 0.1451 710
1235638910 0.1561 1230
13456891C 0.1615 1144
234568910 0.1499 130
1234568910 0.1602 ' 1250
5678910 0.1915 554 #%
135678S10 0.1606 1134 .
235678910 0.1487 720
123567891y 0.1581 1240
1345678910 0.1656 1154
2345678910 0.1557 740
112345678910 - 0.1653 1260

The maximum ranking is obtained with the vector
Vk(OOOOllllll), that is, with the combination of projects
5, 6, 7, 8, 9, 10. This combination requires an invest-

ment of:
%(qio + bi.qi)fvi = % 554,000.-

- The net cost of the network (disregarding inte~
rests) is:

C= ) a, + by.q; =& 1,260,000.-
1 N

If the network is to be compleﬁed in 4 periods,
with an equal investment in each of them, tEen in each
period there will only e $ 315,000.- available. This
implies'that only part of these grojecis can be construd-
ted in the first period. In Section V.8 the seéond stage,
of optimi?atioﬁ is carried out, where it will be déter—
mined hoﬁ much of each project can be commissioned in

the first period. That part that cannot be commissloned
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in the first period plus the rest of the projecté, are
again subdivided in projects in the same manner as has
been done with the whole network. Thus, the algorithm
can be applied again to find the bhest set of projects
~for the second period, and then the third. In the fourth
period no optimization is required since the yearly
budget will be the cost of the completion of the net-

vork.

V.8 PROGRAM WITHIN ONE PERIOD

Once the best selection of projects, regardless
of the budget constriction, has been obtained by means
of mecro-optimizaiion, it is then necessary to optimize
within the ﬂeiected projects the best iﬁvestment consi-
dering.thé budget constraint. In other words, it is now
necessary to find, with the available resources, how
many lines or channels it is possible to commission
‘during the first period and in which satellites and
trunk circuits from the selected ones.

YWhat follows is the description of a dyﬁamio
Drogram to solve the type of problems which in the field
~of operations research is called 'the knapsack problem'
or 'the cutting stock nroblem’.G1

The optimization consists in finding the maxi-

mum value of the following expression:
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n
Pltg) = max{ g iy |

subject to: ’ .
2 L) st

=1 b

and:
*
biébi

where: bi is the number of items that project i will
include to achieve optimum;
bi is the maximum number of items that project
i can include;
ﬂi(n) = [n.Ii—pio+n.pi] - Ry , iz the contribu-
tion of the project i, with n items, to the

intended objective;

1.(n) is the cost'of project i with n items;

i
ft is the budget constriction or the amount of

funds available in period t;
and: Ri ig the normalized value of social ordering

(see Section VII.Z2).

The solution to this problem is sought by an

algorithm based on the following function (see Appendix II):
(¥} = e :
Gi+1\5) max { Gy [X 1i+l(a)] +‘Hi+1(n)}

’ where:'Giéx)fis the cptimum value obtained when inclu-
ding projects 1, 2, ..., 1 with funds
available up to the amount of x, and sub-

ject to:



109

x z1;,1(n)

and:

b nx=0 .

141

This function is modified to suit the mechanism
of the algorithm by changing the varisble x to
x+li+1(n) , resulting in:

G q {2+, 1(0)) = max {Gi(x) +'ﬂi+1(n)} .

n :

A dewailed explanation of thé algorithm in its
general form can be found in Appendix II. Here the
application of the algorithm to solve the second stage
of optimization is shown. A general outline of the
feétures of the algorithm is first given, and then it is
foliowed by its formal description.

1- The projects are numbered, their profits end
costs tabulated as in the exémplevin Section V.7, assig-
ning.project zero 0 an imaginary project with zero profit
" and unity installation cost. After each step of optimi-
zation some funds may remain unused»and should be 'inves-
ted! in this project.

» 2- Then, onc project after the other is allocated
without exceeding the available budget x. But first it
is necessary to find whether the project under conside-
ration is acceptable for investment at this stage. That
is, for instance, if the project is a trunk circuit one,
it must be ascertained that}inVGStments in the correspon-

ding terminating exchanges have already been made.
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Otherwise the project is not acceptable and its consi-
deration has to be postponed until later on. For this
purpose the X-matrix (see Section V.7) and a table des-
cribed below (E-Table) furnish the relevant information.

3~ Thus, starting with project zero (i=0), x=0
and n=1 , the vaiues of Gi+1(x+li+1(n)) are compared
with Gi(x) +1Ti+1(n) and replaced by it if the latter
ig larger than or equal to the former. Moreover, ecach
time & project i is added to the process of optimization,
a set of values: bg(i,x), bf(i,x), ceey bi(i,x) is
obtained.

4~ The final result is a table of the values of
%‘(x), that is, of the optimum values that can be obtained
with projects 1, 2, ...,/ and an amournt of x monetary
units, and a table of the number of items in each case:
bg(ﬂ,x), bﬁ(p,x), vesy bp(p,x) .

5=~ In order to‘reduce'the size of the memory
needed when a computing machine is programmed with this |
algorithm, the valugs of Gj(x) and those of bi(j,x) are
kept in two tables, one called the 'zero-tablo', con-
taiﬁing the values of: Go(x), bg(o,x),vﬁf(o,x), . ey b?(o,x)
and the other calleda the 'one-table', containing the
values of: Gl(x), bg(l,x), bﬁ(l,x), soey b?(l,x). The
'zero~table' represents, at any given instant of the
optimization, the table for the i-th. project; and the
'one—tablef, the table for the i+l-th, project.
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The Algorithm

I.1

II.1
II.2
I1I1.3
- II.4

III.1

III.2
III.3

III.4

Initialize:

Gi(x) = 0
* X=0, 1, o.-,I-l
b%(i,x) = 0
J sfor: 4 i =0, 1
b%(0,x) = x 1
J=0,1, ooy
b%(l,x) = x ]

let: 1 = 0, k = 0, and go %o II.1 .

Let x = 0and go to II.z .

If b, Z1 go to I1.3. Otherwise, go to IV.L.
et n=1 and go to IL.4,

If x+#l; 4(0)=T , then let V = G (x) + T, 4(n)

and go to II.5. Otherwise, go to ITI.2.

If V;;Gl(x+li+i(n)) , let Gl(x+li+1(n)) =V ,U
b§+1(1,x+1i+1(n)) =n , and:

b§(1,2+11+1(n)) = bg(o,x) , for 3=0, 1, ..., 1 .
Let X = 1 and go to III.1. ONtherwise go to III.1 .
If nzb, 4 g0 to III.2. Otherwise let n = n+l

and go to II.4,. |
If k = 1 go to IIT.3. Otherwise go to IV.1.

{Do III.3 for all © from 1 to L) '

If Gl(t)<:G1(t—1) let: Gi(t) = Gl(t-i) 5

bE(1,t) = bA(L,6-1) for J =1, 2, ..., el

bg(l,t) = bg(l,t~1)+1 ~and go to III.4. Otherwise,

go to IIL.4.

If t< L go to III.3. Otherwise let k = 0 and go

to IV.1.
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.1l Iet x = x+1 and go to IV.2.

Iv.2 1If x+1i+1(1):>L go to IV.3. Otherwise go to II.2.

v.3 If bi—{—l;l go to V.1, Otherwise go to IV.4

IV.4 TReorder projects: advance the projects by one in
the 1list of projects, from i+2 topt . Put project
i+l at the end of the list and go to V.3.

il

V.l TLet i = i+l and go to V.2.

V.2 If i= M stop. Otherwise go to V.3.

Ve3 Let s =1 énd go to V.4,

V.4 Let ¢ (8) = G4(s) , bg(o,s) = bg(l,s) for j =1, ..., i
and go to V.5.

V.5 If 8<L , let 8 = s+l and go to V.4. Otherwise go

to ¥I.1,

The E-~Table

The E«Table which was mentioned in the outline of

the algorithm is as follows:

1 .

2 .

L] [ ]

r L - L] 0' L] er'i.
>

g
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where:

er 3. ig the number of chonnels that can he
b

commissioned in the trunk circuit i, when
r is known.,

To obtain r one proceeds as follows. Let i be a
trunk circuit between the centres j and k, The total
number of subscribers in j and k, when the network is
eomplefed, will be bj and bk respectively, and the humber

of channels will be b Therefore at any given period

i
of construction to avoid a larger invesiment than necessary,
-one would like %o impose a bound on bi which should be a
function of the product (bg.bﬁ) ,that is, of the number

of lines already sommissioned br to be commissioned in

the present’period., Thus, for instance if bi =4 ,

b, = 2 and b, = 4 , the products r are:

-
bg bﬁ r er,i
2 4 8 4
2 3 6 3
2 2 4 2
1 4 4 2
1 3 3 2
1 2 2 1
2 1 2 1
1 1 1 1

‘ 0 0

If it be further assuumsd thet one desires to have
a number of channels somehow proportional to the product
of the number of lines already commissioned, then the

values of e, should be like the ones shown in the

i



114

tablie above.

Example:
The following diagram shows the project combina-
tion tha< bhas been selected during the first stage of

optimization in the example of the previous section.

Fig. 18.

—d®
j©
Opb— @

The table below shows the incomes, running costs
and installation costs of the)ﬁrojects. Note that the
pfojects\have been renamed, that is, the project numbers
do not correspond to thé prcject numbers in the previous
seéfion. The central processors have been amalgamated
with the *largest satellites', which are no other than
the main exchanges. dSinne thé'commissioning of a main
exchange centre is associated with the ceatral processor
and viceversa, their incomes and costs have been .added.

together and considéred ag a gingle projectQ
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0.0
4.0
1.0
4.0

4..0

0.0

7.0
1.0

8.0
2.0

TABLE 9
Py
0.0
1.5
0.0
1.0
1.0

%0
0.0
35.0
8.0
41.0
14.0

0.0

10.0

l.o

12.0

7.0

315
20

20
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A computing machine has been programmed with the

above described algorithm and data.

shows the results obtained.

»

N O

105
115
125
135

145
155
165

175

185

G(x)

0.0
OQO
0.0

.

b#(x)

()

(SIS

O O O OO OO0 OO O O O

TABLE 10
b3 (x)

0
0 .
0

W O g3 o

10
11
12
13
14
15

b

5(

o

O 0O 0O 0O O0OO0CO0OO0 O OO o

The following table

LY

A

)

©C OO0 000 OO0 OO0 O O

O O O O 00O C O O O oo o
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o TABLE 10 (Cont.) |
s G(x) v (x) bi(x) bﬁ(x) b%(x) bg(x)

*
o
195 3%2.0 0 16 0 0 0
205  35.5 0 17 0 0 0
215  38.0 0 18 0 0 0
225  40.5 0 19 0 0 0
235 43.0 0 20 0 ¢ 0
245  43.0 0 0 0 17 0
257  46.0 0 0 0 1e 0
269  49.0 0 0 0 19 0
281 52.0 0 0 0 20 0
297  53.0 0 0 0 19 2
302 53.0 0 0 0 20 1
309 56.0 0 0 0 20 2
310 56.0 1 0 0 20 2
311 56.0 2 0 0 20 2
312 56.0 3 . 0 0 20 2
313 55.0 4 0 0 20 2
314 56.0 5 0 0 20 2
315  56.0 6 0 0 20 2

The above table gives the number of items bg(x)
as a fuhction of the budget constraint x;and thé largest
possible value G(x) obtained with them. | |

As can be seen, for x = g 315,000.- the obtimum
combination is: b#(315) = 6 , b¥(315) = 0 , b5(315) =0,
b§(315) = 20 and b2(315) =2 . That is, the optimum
is obtained when the main exchange (3) and the satellite
exchange (4) are selected. The maximum net income profit
that can be obtained per year is G(315) = 8 56,000.- aﬁd“

the commissioning cost is:

2. ay, + b¥(315).q; = § 309,000,-
i=3,4
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There is a remaining amount of 8 6,000.- from
project zero that will be added to the tudget of the

next period.

V.9 ONE STAGE OPTIMIZATION

The one stage optimization is carried out with
the algorithm described in Section V.8, but considering
the whole network at once. The example of Section V.7
and Section V.8 wilil be used here and the results com-
pared.

The network is to be commissioned in four periods.
For each period there will be funds available of |
fy = # 315,600.- . The following diagram shows the net—
work where the projects have been renamed for the same

reason as8 in Section V.8.

ig. 19.

O,

o 1 <ie

The following table shows the incomes and costs

to calculate the optimum investments for the first period.
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TABLE 11
i I Py, Py 94y 9y Py
o 0 0 0 0 1 315
1 4 14 1 100 16 30
2 4 4 1 36 14 5
5 2 3 0 16 1 4
4 4 7 1.5 35 10 20
5 1 1 0 8 1 2
6 4 8 1 41 12 20
7 4 2 1 14 .7 2

A computer has been programmed with the algorithm
of Section V.8 to solve this problem and the results are

in the following table.

TABLE 12 '
t 6(x) x bF(x) by(x) DpI(x) bz(x) vE(x)  bE(x) b3{x)
1 56.0 309 O - 0 0 0 0 20 2
2 44.0 245 O 0 0 20 2 - -
3 40.0 7388 18 0 0 - - - -
4 52.0 318 12 5 4 - - - -
Totals 1260 30 5 4 20 2 20 2

The result for the first period is the same as
the one obtained with the two-stage optimization of
Sections V.7 and V.8, This is not surprising because in
the first stage of optimization the optimum was taken
from total enumeration and the algorithm of the second
stage (the same as the one used in this Section) guaraﬁtees
the optimum. If the optimization of the first stage had
been done by the slgorithm deacribed in Section V.6, in

this particular case the result would have been exactly
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the same as the one obfainéd with total enumeration, bdbut
in a more complex case the result could have been quite
different and not the absdlute maximum,

_ The projects left for the second period'are the
(1), (2), (3), (4) and (5) with a budget of § 315,000.-
plus the g 6,000.- remaining from the first period, that
is, a total of § 321,000.- . The optimum result, as can
be seen from the table above, is the commissioning of
projects (4) and (5), leaving 8 76,000.- unused.

The projects left for the third period are the
(1), (2), and (3) with a budget of & 391,000.-
(315,000.~ + 76,000,-). The optimum is achieved by
commissioning 18 items of project (1) at a cost of
8 388,000,~ , remaining £ 3,000.- .

The projects left for the fourth period are: 12
items of project (1), and projects (2) and (3). The to-
tai budget for the commissioning of these projects is
# 318,000.- and this is the last period. Therefore, no
optimization is needed.

The memory capacity of the computing machine to
run the program when the optimization is carried out in
two stages is ohe half of that necessary to process the
one stage optimization with the knapsack type of solution.

The main advantage of solving the problem as a
knapsack problem is that the optimunm is guaranteed.
Another advantage is that the solution is obtained in the

form of a table where the maximum value of G(x) and the
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number of items for each project is giveu. This may be
‘ugeful if one wants to 'adjust! the budget constriction

according to the results.



CHAPTER VI

A MODEL CASE PLARNING

In Chapter V two methods have been shown to op-
timize investments in a telephone network when the net-
-work structure and the budget counstrictions are known.
The problems of weighing the social preferences of the
projects, according to the desires of different agencies,
and a method %o accomplish this is suggested in the next
chapter.

In this chapter a model case will be studied.

The model is an imaginary country called Teleria.* It
has all the main features of a developing nation. 1In

- the following section a brief description of the country

¥ In 1964, the United Nations organized, through
its Training Programme in Development Financing, a series
of seminars on the technical and financial aspects of tele-
phone projects. Those seminars were held in Geneva in
the summer of 1964, and attended by senior officials from
economic and planning organigzations of twenty countries in
Africa and the Middle East. At that occasion lectures
were given by Mr. Sven Lonnstrom and Mr. Ingemar Moo
dealing broadly with the problems of planning telephone
projects. Based on tnose lectures and with the contribu-
tion of Mr. Polke Marklund they published in 1965 a book
entitled A Telephone Development Project, wherc they con-
sider a hypothetical couniry called Teleria. In this
study, and with permission from the authors, the findings
of the present work will be applied to the network planned
for Teleria. The attractiveness of Teleria for this
purpose is that its description has heen carefully made to
suit many of the important characteristics of the deve-
loping countries.

121
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is given to illustrate the case. Part of the informa-

tion on Teleria has been obtained from the 1iterature,L2’*

but it has been here expanded to complete the model,

VI.1l THE COUNTRY -

Figure 20 shows a general m#p of Teleria. The
country is situated within the tropical zone. ILowlaunds
are to be found along the coast and in the northern part
of the country. The eastern and southern parts are
mountainou:g

Teleria has a Capital with 400,000 inhabitants,
and it is fhe.main administrative centre and a natural
centre of an agricultural area,

The other major cities are:

Northtown: an old commercial centre in the coffee area
with 85,000 inhabhitants,

Port

largest harbour of the country, with 200,000
inhabitants, and the most important commercial
centre since all imports and exporis are

| traded here,

Rivertown: situated in the 16w1aﬁds on a tributary of

| the Grand River. I% has 250,00C inhabitants
and is the commercial and manufacturing centre
-of the cotton-growing area. It is also the

most industrialized city. Cotton is. the main

* The author wishes to make full acknowledgment
to L. M. Ericsson, and to Messrs. Lonnstrom, Marklund,
and Moo for granting permission to reproduce here the
map of Teleria and Tables 13 and 14.
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export of Teleria.

Minetown ¢ 1s in the mountain area. It has YO,COO:inha-
bitants, and its main resources come from the
iron ore mines nearby.

Seatown : has 60,000 inhabitants. It is the main centre

of an area partially isolated from the rest

of the country by marshlands and mountains.

Teleria has a total population of 7.2 millious,
of whom 1.% millions are urban or suburban. The rest,
over T70% are mainly peasants. There has been a population
increase of approximately 1.5% per year, and it is thus
agsumed that in the next decade (planning'horizon for the
telecommunications network) the population will grow by
16% . Therefore, in ten years time the total population :

of Teleria will be approximately 8.3 millions.

VI.2 THE TELEPHONE NETWORK AND THE FORECASTED NEEDS

The present telephone network is unsatisfactory
fcr‘the deveIOpmeht of Teleria. The mwain ne=ds in comnmu-
nications are from the interior to the coast of the coun-
try. Only in the Capital and Port is there automatic
telephone service,

The long diétancé network consists of the follo-

wing trunk circuits:
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Cap:rtal -~ Port
Coapital --~ HMinetown

Capital -~ Northtown

W W W W

Port ~= Rivertown

and is entirely manual, causing waiting time of several
hours for a call,

Since here we are noi concerned with the study of
the methods of forecasting needs, we assuwe that such a
study has been made. The desired number of lines for each
exchange and the desired number of channels for each route,
is known. Furthérmore, we assume that although the pre-
carious existing network will still be operating during
the.next few years, it will be graaually replaced. Hence,
it will have very little iunfluence in the technical and
~economic planning of the new network.

Table 15, in the next page, shows, for every city
and town, the present and future population, the estimated
telephone density.and the planned number of subscribers!
o lines., | |

| The long distance network has also been planned
to 59 completed in ten years time. Table 14 shows the
ﬁumber of channels for each route. Heré, only the main

long distance routes are considered.



TABLE 13

Town Present Expected Population Estimated Number of
population increase 10 years telephone subscriber
over next ahead density lines
decade % (approx.) %
Capital 400,000 60 650,000 6 39,000
“CA 50,000 40 70,000 2 1,400
CAA 30,000 20 - 35,000 1 350
CAB 20,000 25 25,000 1 250
CB 40,000 40 55,000 2 1,100
ccC 20,000 50 30,000 1 300
Minetown 70,000 60 110,000 4 4,400
MA 10,000 100 20,000 1 200
Seatown 60,000 65 100,000 4 4,000
SA 15,000 30 20,000 ] 200
SB 20,000 25 25,000 1 250
Newtown 5,000 400 25,000 1 50
Northtown 85,000 40 120,000 4 4,800
NA 20,000 30 25,000 1 250
NB 15,000 3C 20,000 1 200
NC 10,000 50 15,000 1 120
Port 200,000 60 320,000 6 19,200
! PA 40,000 30 50,000 2 1,000
PB 30,000 30 40,000 1 400
PC 10,000 30 13,000 1 130
Rivertown 250,000 60 400,000 4 16,000
RA 60,000 50 80,C00 2 1,600
" RB 10,000 20 12,000 1 120
RC 50,000 30 40,0060 1 400
Others 5,700,000 5.6 6,019,000 —— -
Total 7,200,000 8,325,000 95,950

9¢t



TABLE 14

A B
13.8 1
8.3 1
10.2 1
24.0 1
12.7 10

5.6 1

Traffic flow in Erlangs

Grade of JService in percentage
Traffic rejected from direct route (alternative

‘Route
C-M
C-S
C-N
Cc-P
. C-R
P-R
where:
A=
E =
AE=
routing)
n =
C = Capital
M = Minetown
S = Seatown
N = Northtown"
P = Port
R = Rivertown

- Fig.21 shows a map of Teleria with the planned

= Reuuired number of channels

».

[=

103

N

16
18
35
15
12
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network. Fig.22 shows a diagram of the nétwork with the

numbered projects and the number of items in each case;

and Table 15 shows the incomes, running cosis and com-

missioning costs of the projects.
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TABLE 15
" Total
i I Pio Py 450 a; bl Name Cost
1 1.0 2.4 0.3 35.0 2.5 40 Seatown 1350
2 1.0 0.1 0.3 5.4 2.6 2 SA 106
3 1.0 0.1 0.3 5.4 2.5 %2 8B 129
4 1.0 0.1 0.4 5.9 2.8 3 SC(Newtown) 143
5 1.0 0.5 0.0 30.0 2.0 16 Trunk C-S 620
6 1.0 20.0 0.3 180.0 2.3 390 (Capital 10,770
7 1.0 1.2 0.4 25.0 2.8 14 cCA 642
8 1.0 0.1 0.4 5.2 2.9 4 CAA 168
9 1.0 0.1 0.4 5.0 2.9 3 CAB 137
10 1.0 1.2 0.4 18.0 2.8 11 CB 488
11 1.0 0.2 0.3 5.0 2.7 3  GC 131
12 1.0 2.4 0.3 35.0 3.0 44 HMinetown 1670
13 1.0 0.1 0.5 5.2 3.0 2 MA 112
14 1.0 0.5 0.0  30.0 2.3 23 fTrunk C-M 829
15 1.0 8.5 0.3 140.0 2.3 192 Por% 5816
16 1.0 2.0 0.4 25.0 3.2 10 PA 570
17 1.0 0.2 0.4 5.2 3.0 4 PB 172
18 1.0 0.1 0.4 5.2 3.0 2 PC 112
19 1.0 0.5 0.0 32.0 2.2 35 Trunk C-P 1090
20 1.0 8.0 0.3 120.0 2.5 160 Rivertown 5200
21 1.0 0.8 0.4 32.0 2.5 16 RA 720
22 1.0 0.1 0.3 5.0 2.6 1 RB 76
23 1.0. 0,1 0.3 5.2 2.5 4 RC 152
24 1.0 0.5 0.0 32,0 2.0 15 Trunk C-R 620
25 1.0 0.5 0.0 26,0 2.2 12 Trunk P-R 524
26 1.0 2.4 0.3 45.0 2.4 48 Northtoun 1602
27 1.0 0.5 0.2 5.0 2.4 3 NA 122
28 1.0 0.4 0.3 5.4 2.4 2 NB 102
29 1.0 0.5 0.2 5.4 2.4 2 NC 102
30 1.0 0.5 0.0 31.1 2.3 18 Trunk C-N 725

- . 4
The values of I.,p; ,P;,%;, 2nd q; are in 8 x 107 .
The total costs are in § x 10 '
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V.5 THE PLAN OF INVESTMENT _
- A computing machine has been programmed with the

algorithm of Section V.8 in order to find the optimum
investment strategy'for Teleria. Table 16 shows the re-
sults obtained from such optimization when neither the
budget available nor any environmental condition has
changed during the whole ten periods, and assuming a
functional rank equal to 1 for each project.

Prom Table 16 one can observe that in the first
period investments are.made in Seatown, Northtown and
their satellite exchanges. In the second and third pe-
riods investments are made in Rivertown, and so on.

The main concern of this and the previous chapter
has beenito formulate a methcd of optimization of invest-
ments. The numerical values assumed in the case of Tele-
ria were arbitrary and the normalized valuss of social
ordering (or social ranking) were also arbitrarily set
equal to 1 .. The results are thus optimum with respect
to those values,

The optimization procedure has been performed by
running ten times (ten periods) the saﬁe computer program,
'changing only a few data values every time to eliminate
~from the optimization the projects already selected in
previous periods. In a real case, a revision of the
costs and/or socio-economic weights may ve made every
period in order to adjust to unforeseen events or deve-
Jlopmeunts.

As a concluding remark on Chapters V and VI, it



ABLE 16

Projects
Number of items commissioned during <he period t

t x 1 2 3 .4 5 6 7 8 9 10 11 ‘12 13 14 15
1 345.2 40 2 3 3 0 0.0 0O O O O O O O O

2 352.5 - - - - 6 0 0 0 0 0 0 0 0 0 0

3 349.7 - - -~ - 0 0 O O O O O 4 0 0 0

4 3516 - - - - 0 0 0O 0O O O O - 0 0 92

5 349.4 - - - - 0 0 O O 0O O O - 0 0100

6 350,2 - - - - 0 T4 0 0 0 0 0 - 0 0 -

7 349.6 - - - - 0152 0 0 0 O 0 - 0 O -

8 349.6 - - - -~ 015 0 0 0 0 0 - 0 o0 -

9 3504 -~ - - - 0 0 0 0 0 0 0 - 0 20 -

10 351.8 © - - - - 16 12 14 4 3 11 3 - 2 3 -
TOTALS 3500.0 40 2 3 3 16390 14 4 3 11 3 44 2 23 192

2eT



TABLE 16 --Continued.

% 16 17 18 19 20 21 22 23 24 25 26 27

1 ©O 0 0 0 0O 0 0 0 0 O 48 3

2 ©o 0 0 09 0 0 0 0 0 - -

3 O 0 O 067 O O 4 0 0 - =

4 6 0 0 0 - 0 0 - 0 0 - -

5 ©c 0 0 0 - 14 0 - 0 12 - -
6 ©o 0 0 0 - 0 0 - 0 - - -
7 © 0 0 0 - 0 0 - o - - -
8 © 0 0 0 - 0 0 =~ 0 = - =
9 0 4 0 3 - 2 1 - 15 - - -
10 10 = 2 1 = - - = = - - -
TOPALS 10 4 2 35160 16 1 4 15 12 48 3

N
@
n
O
W
O

N o O o o o O O O
O O O O O o o o©
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can be said that the algorithm of Sectioun V.8 could be
easily applied to solve similar problems involving other
types of networks and not only of telecommunications,

as long as the data and constrictions of the model can

be presented inatable such as Table 15.



CHAPTER VII

SOCIAL PROFIT AND OTHER PRIORITIES

As IMerriman has stated, "the task of the engineer
in telecommunications is not only to éreate the facility,
but also to concern himself with the possible impact of
that facilit& upon social structure and individual
reactions".mz It is within this context that the present
study has concerned itself also with the formulation of
a method for ranking various alternative projects
~according to their social profit and their incorporation

to the overall ranking.

VII.1 THE RANKING OF PROJECTS

In Chapter V the economic profit was expressed
as an absolute and as a relaéive value. T=ze absolute
economic profit was given bty the differerce between the
~income or revenues derived from operating the project
concerned, and the running costs. This value gives the
net monetary income. Another expression used was the
relative economic profit, or ranking, of the yroject,
where the net income ias related to the cost to commission
the project. _

One could immediately attempt to do the same

type of ranking when counsidering profits other than the

135
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pursly economic ones, For instancé, one may rank a
certain project considering the health care of the po-
pulation of a particular area. It is a well known'faqt
that medical doctors are a scarce resource in the deve-
loping areas, In rural areas one could measure how many
people or how many hamlets éould be assisted with one
doctor if there was an efficient means of communication.
Thus, the Ministry of Health of the country concerned

could rank the projects as follows:

possible number of
net profit (i) _ people assisted (i)
scarce resourceg (i) number of doctors(i)

Rank for project i=

This way of ranking rrojects on a non-monetary
basis can be used in some cases; in others, it may seem
gquite difficult to find a numerical exprexsion that
reflects the net profit and/or the scarce resourcesvto
be invested.

An attempt was made by Welleniusw3 to develop a
criteria to assign ﬁriorities to telephone projects for:-
developing countries. He does this by using & 'synthetic
indicator of gocio-economic situation' of the tans con-
cerned. The indicators are obtained from the degree of
institutionalization achieved by those towns. That is to
say, the more established institutions thuey have (police
stations, airports, hospitals, ports, banks, etc.), the
nigher will the indicator be, and hence the higher will

be the priority gi?en it to obtain attention to its tele~
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phoue needs, This criterion introduces a value judgment
prior to any decision making prucéss and will most pro-
bahly lead to further the development of the most deve-
loped areas of the country. Furthermore, in case a
national plan for development exists, the method does
not give room to weigh the objectives. of such a plan.

_ Other methods of assigning ranks to independent
projects are the two described by W. Churchman, R. Ackoff
and E. Arnoff,03 and more particularly the one by P.
Stillson.s3 All three methods are very similar in nature.
Here one example of the basic steps used in all of them
will be'presented.

A government agency (not the one responsible for
- the telephone neilwork) is asked to rank three different
telephone projects according to the benefit each project
‘would bring te the objectives of that agency if it were
commissioned., One of these projects might be the exten-
sion of one automatic exchangé in a guburban area; another
might be the installation of a new‘long distance trunk
between two towns; and another one might be an increment‘
in the number of channels of an existing long distance
trunk, and so on., The government agency is represented
by a board of planners that makes decisions on a democratic
basis, that is, averaging votes. The steps of the pro-
cedure to be followed by the board of planners wOuldpbe
as follows: |

1~ Mzke a tentative listing of all objectives of
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the agency in the order of importance, giving to the ob-
jective at the top of the list the value of 100 and aésig-
ning to the others arbitrary values that indicate appro-
ximately the relevant importance of the objectives. If
the agency concerned were the Department of Agriculture,

the objectives might bve:

01 .Increment of agricultural output hy 10%

0, Optimization of the use of existing agricultural
machinery

03 Improvement in the use of the existing irrigation
system |

‘04 Provision of technical assistance where and when

needed

05 Raising the education and social level of farmers

~and the tentative assignment of values might be:

to bbjective Ol : vy, = 100

1
tq objective 0, : v, = 77
to objective O3 PVg = 70
to objective 04 PV, = 43
to objective O5 2 Vg = 25

2- Each member of the board of plannefs, separa-
tely, proceeds to re-adjust the assigned values as follows,
Olvis compared to O2 plus O3 and‘if the importance of
the objective Ol is greater than that of the objectives

O2 and O3 combined, then the sum of Vo plus Vs should be
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less than v,. Otherwise, the values of ¥, and/or Vs
should be re;adjusted conveniently., Conversely, if the
importance of O1 is less than that of O2 and O3 combined,
thenv1~eh6uld be less than v2‘plus Ve

3- Next, a comparison is wade between Ol and the
combination of O2 and 04. The following list indicates
the set of comparisons to be made, The symbol (:) will
be used to mean ‘'compared with' and the symbol (&) to

mean 'combiﬁed with'.
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After each comparison is made, the corresponding
decision is noted and, if necessary, a correction made
'such that the values are consistent with the present
and previous decisions. If during the comparisons a
large discrepancy exists among most of the new values
and the initial tentative ranking, then it is advisable
to repeat the procedﬁre starting with the ranking juét
obtained as if it were the initial tentative ranking.

4~ The last step of the iterative procedure is to
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normalize the result by dividing each value by the sum
of all the resulting values.

5- Once each member of the hoard has arrived at
a final normalized ranking, it is possible to obtain a
common ranking by averaging the results. For instance,
let the final rankings be:
0.45
the value, v, = 0.20

for the objective 0l the value, v,
for the objective 02
for the objective O3 the value, vy = 0.25
for the objective-o4 the value, V4 = 0.05
for the objectivé 05 the value, Vg = 0.05

6—- Now, a table can be formed having on top of
each column one of the objectives ond letting the rows
indicate the telephone projects to be ranked, as shown
below, The table should be filled, if possible, by a
committee of technical advisors. The committee's task
is to evalvate the utility that each project is going to
give to each objective. The committee’s judgmenf in
each case should be represented by a number between zero
and one, being the meaning of '1l' that the project guaran-
tees the objective {or that the utility of fhe project
to the'objective is 100%), '0*' that the project is totally
disadvantageous vo the objective and '0.5' that the pro-
ject is indifferent to the objective. Whenever possible
the members of the board should not be members of the

dommittee. The menbers of the ccmnmittee and the board

should not know the numerical results arrived at by the
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other group. Let us assume that the committee's judgments

- are;

0

1 2 3 4 5
Project I 0.4 0.2 0.8 0.8 0.3
Project 1II 0.9 0.9 0.2 0.3 0.8
Project III 0.7 0.7 0.4 0.3 0.7

Then, the expected relative utility or ranking

of the projects is obtained as follows:
,Ri =_uil . v1v+ Ujp « Vo + Uyz « V3 t Uz ¢ Yyt U5 0 Ty
for i = I, II, III,

and where uij is the relative utiiity of project i to the

objective Jj. In the present example the rankings are:

Ry = 0.475
Rz = 0.690
Rrpp = 0.605

VII.2 THE SOCIAL WELFARE FUNCT ION

With one of the above mentioned methods the dif-
ferent government® agencies may be able to express nume-
rically the relative advantage of each project to their
objectives. Here the problem is only halfway =olved
since we still have to 'combine' the results given by
the various agencies, in order to obtain a single list
of rankings.

This is a problem which has been theoretically
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studied mainly by social scientists and more recently by
political theorists. The most thorough analytical studies

Al and Duncan Black.B4

have been made by Kenneth J. Arrow
The simplest form of the problem is the so~-called 'paradox
of voting'. This happens when turee voters have to
compare three social alternatives in pairs and the resul-
ting social preferences}of the three voters cannot be
combined in a transitive set of svcial preferences, even
if the individual preferencés are transitively ordered.
The paradox is best illustrated by the following classical
exanple.

Let us say that there are threé alternatives to
choose from: a, b, and c. The expression 'aPb' is read
as: a is preferred to b, The &oters are (1), (2),’and
(3). Assume that the outcome is as follows:

for voter (1) aPb , bPc and aPc
for voter (2) ©bPc , cPa and bPa
for voter (3) cPa , aPb and cPb

This is a circular reéult without any majority
selection since:

two voters ( 1 and 3) prefer a to b;

two voters ( 1 and 2) prefer b to c;°
two voters ( 2 and 3) prefer ¢ to a.

This paradox is sometimes called l'effet Condorcet
-after the Marquis de Condorcet, who was the first to

recognize the problem in his Esgal sur l'Application de

1'Analyse & la Probabilite des Decisions Rendues a la
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Pluralite des Voix in 1785. The problem has aroused much

juterest because, so far, in the fields of sociology,
politics and economics, the problem'of combining indivi-
dual choices has been solved by.using either the criteria
of equality or fairness, or that of compromise, and by
always introducing some kind of constraints in the choices
to avoid paradoxical (conflicting) results.

In the language of sociology the alternatives %o
choose from are usually callea 'social states', the in-
dividual rankings are 'individual orderings', the resulting
combined ranking is 'social ordering' and the method or
function to combine the individual orderings is 'social
welfare function',.

In Appendix III the most relevant part of the
axiomatic analysis introduced by Arrow is summarized.

The essencebof‘Arrow's theorem is that if certain reaso-
- nable conditions are placed on the function, then no
function exists that can prodﬁce a unique, ordered set

of social preferences. Thic conclusion moy seem to have .
a negative character, but it really implies that somehow
the set of 'reasonable conditions' has to be violated or
regstricted in order to avoid the paradox.

The importance of this result becomes .uore appa-
rent when a social welfare function is adopted, because:=
then, although not all reasonable conditions can be met,
it is possible to know in a formal way the type of res-—

trictions imposed on the decision mechanism.
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Recent discussions have led some authors to con-
sider dropping the third condition of Arrow's thecrenm
(independence from irrelevant alternatives, see Appendix
III), which avoids interpersonal comparison of utility
in the ordering process., If this is done many satisfac-
tory eocial welfare funcitions are possible,

On this basis Goodman and Markowitsz introduced
the concept of irrelevant alternatives given by the
interpersonal comparison of tastes.

‘This argument can be presented by & simple example.
Let there be only two altérnatives: a and b, to choose
from in & gociety of two persons, and the outcome of the

orderings be:
Rankings for

Person a b
1 1 2
2 2 1
Sum of Ranks 3 3

By simply adding the rankings one can find that
the best ranked alternative is the one whose sum is less
than any other. In the example just mentioned there is
no majority decision. But if the preferences of the
individuals were of 4ifferent intensity, and this were
taken into account, the outcome would be:

Person 1 prefers strongly a to b

Person 2 prefers slightly b %o a

Then, in this case it is argued that it would be
reasonable that the sociéty would choose alternative a.

This is done in Goodman and Markowitz'!' work by introducing



'irrelevant'! alternatives ¢, d, e, etec,

145

If this is done,

adding ore irrelevaut alternative, the outcome could

have been:

Rankings for

Persons a. b c
1 r 3 2
2 2 1 3
Sum of Ranks 3 4 5

In this case 1t 1is clear that the alternative a

obtained the majority. The weakness of this method may

lie in that the irrelevant alternacives may‘become at

once relevant.

Ia the course of the present work it has been

found that in the studies mentioned above there are two

underlying assumptions, whose primary importance is unot

sufficiently taken into account.

One of these is the

assumption that the orderings made by the members cf the

society or committee concerned are transitive, This has

to be assumed in order to obtain a transitive social

ordering, but in many real life cases, it may not be true.

The other assumption, and perhaps this is the

most ignored in the literature, is that ianforma*tion about

the alternatives is presented to the individuals in a

“suitable way, which in many instances is hardly true.

One may think that good decisions can only be made if

information about the alternatives is presented in a

suitable way.
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One way of solving this problem is to present
the inforration, whenever possible, in different forms
‘and in this way let the individuals order the alternatives
based solely on the information presented in one form,
Then, do the same again with infermation presented in
another form, and so on. In this way one could see that
if there are wide discrepancies among the decisions, one
or more forms of presenting the iwformation are not
suitable,

Some authors, mainly in the field of economics,
are questioning the relevance of Arrow's theorem on

B2 while others recognize its

social choices as a whole,
relevancé, but remark, as W. Vickery does, that "problems
of social choice wili'not vanish merely because the tools
available to hendle them are declared to be imperfec‘o".v1
On this subject there is an excellent exposition and

sunmary by W. H. Riker.R4 |

Having pointed out most of the difficulties in
arriving at 2 social welfare function and paying attention
to the remarks of Vickery, one should attempt to use the
solution that best fity the problem concerned,

The work of Goodman and Markowitz could offer a
satisfactory compromise if the idea of introduciag irrele-
vant alternatives 1s disregarded. Instead, another concept,
the concept of intensity of preference could be introduced;-

One way to do this would be to give to the individual

voters the task of ordering alternatives, assigning
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simultaneously a degree (or intensity) of preference,
This can be easily done if, when ranking the projects
(individual ordering), the agencies obtain orderings

like the one shown in the example.in Section VII.1. In
that example it is clear that the Department of Agricul-
ture prefers RII to RIII y RIII to RI , and RII to RI .
The following example will illustrate the proposed
method.

_ Three government agencies (e.g., Department bf
Agriculture, Department of Health, Department of Defense)
~are participating in the social ordering of three tele-
phone projects called I, II, and III, as in the example
of the previous section., Let us assume that the ordering

of the Depariments is as follows:

‘ Ry Rit Rrrr
Agriculture : 0.475 0.690 . 0.605
Heslth : 0.801 0.511 0.202
Defense : 0.423% 0.218 0.541
Suma : 1.699 1.419 1.348
Normalized
‘Sums Ri : 0.38 . 0.319 0.301

Thus, the socirl ordering is: RI P RII R

R+ PR and R, PR

11 © 111 R o
(agency) orderings had been presented without indicating -

But, if the individual

- the intensity of preference, the result would have been

the classical paradox.
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Therefore, a satisfaciory social ordering of
projects can be obtained by usingvthe method outlined
for the last example. The next step consists in incor-
porating these social orderings or rankings to the opti-
mization procedures shown in previous sections.,

The method by which a committee or group of
people have to evaluate projects has to be of such a
nature that the evaluation is done for each individual
projecv and not for every combination of them, since,
although‘it would be ideal to have such an evaluation, it
vould imply the total enumeration of combinations of pro-
Jjects, ‘

In Section V.6, the bverall ranking of a vector

Vk was defined as:
R(Vk) = Re(Vk) . Rf(Vk)

wheres Re(vk) is the economic ranking of V,
and: Rf(Vk) is the functional ranking of V

which is a weight-value of the projects included in Vk .

Thus, we define:

where: vy =0 or 1, as defined in Segtion V.6,

and: R, are the normalized values of social ordering.

i



CONCLUDING REMARKS

The present work has been primarily concerned
with some of the problems encountered by the developing
countries when, as part of a development program, have
to build a telephone network.. The problems regarding
the use of technology are different from those faced by
the developed countries, presenting a new historic si-
tuation, Modern teChnologicél knowledge is already avai-
lable to the developing nationé, creating the conflics
of selecting, among a wide variety, the most adequate
bardware, |

Many of today's technblogical designs are geared
towards the richer and more developed countries. This
fact leaves the}developing'ones with the unfavourable
alternatives of either choosing a modern devige that is
not designed for their needs; or a device that may suit
their needs more closely, but is considered obsolete else-
where and will prchably become obsolete for them in the
foreseeable future. |

In this work, a solution to such a problem has
been atfempted, by praposing a telephone network specifi-
. cally deéigned for the developing countries. It can bve
built entirely with existing technological knowledge, and
most of its coumponents are available in the market.

The system description includes the satellite
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exchanges and the controlling mechanism which is in the
form of a stored-prdgram. A simuilation language has
been written to operate the system under simulation con-
ditions in a large computer. The network hés a centra-
lized control in contrast with earlier systems with de-
centralized control, giving a different pattern to ifs
implementation.

Then, the problem encountered is that of deciding
where and when the investments have to be made in order:
to optimize the socio~economic effect of the network.

A method to find such an optimum plan was designed. It
optimizes the invested capital, maintaining flexibility
and admitting modifications when the circumstances so
reguire it.

The problem of assigning social weights to the
different telephone projects in order to take into account
their social iuwpact, have been discussed. A satisfactory
social welfare funotion for this purpose is given.

| The fields of study covered in this work could
each constitute &1 area of ooncéntration worth pursuing
further. Tue author has chosen to interrelate these
fields because he feels that the type of problem considered

here cannot be loocked at from a single discipline.



APPENDIX I

AN ALGORITHM FOR THE SELELCTION
OF INVESTMENT PROJECTS

The problem of selecting the best set of indepen-
dent projects out of a large number of them has been '
treated previously by S.Reiter.Rl’R3 The problem can be
formulated as follows: a decision making body has to se-
lect, among many, a set of independent projects each of
which will return to the investor a certain profit,
generally called pay off, and measured in any appropriate
unit. The brojects are independent of each other in the
sense that each one can be selected_together with any
other one, and the pay off of two projects taken together
may be léss, equal or larger than any of the two pay offs
taken separately, or the sunm 6f the individual pay offs.

The projects are numbered 1,2,...,n and for each
pair of projects, the pay offs aii"ajj and *the enhan-
cement aij are determined for i,j=1,2,...,n . A rec-
tangular matrix |A] , for the pay offs, can be written,
where thé elements aij are the pay offs obtained when
projects i and j are selected simultaneously.

Tnen, the pay off matrix can be written as

shown in the next page.
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A selection of investment projects, or program,

is represented by a vector Vk(vl,vz,....,vn) where:

-
Ky —

{l if the project i is selected
i

0 if the project i is not selected
for i=l,....,n .

Vk is then a vector representing a combination
of projects out of a large number of them. The set of
all allowed vectors will depend on the constriciions Z
imposed by the specific problem. TFor an unconstricted
case: k=1,2,...,2". But in most problems there will be
only a set éf véctors Vk which will satisfy the constric-
tions Z. The set of these vectors is rcpresented by
(e | 2} -

Every vector Vi will produce a total pay off
P(Vk) . The problem of optimization consists in finding
a vector Vkoe{vki z) ‘such that maximigzes the profit
P(Vko) ‘ .

The pay off of vector is a function of the pro-

jects included in it. Tuis function may be, as in the
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R3 .

problem solved by Reiter,R” the sum of the individual pay
n_ .

offs: P(vko) = ; ;él 3;4:Vyqs OT @ weighted pay off, or
=

H1 or a more complex function.

a raunking of them,
The possibility of compleve enumeration, to find

can only be considered when n is small. TFor large
R?

Vio
values of n a systematic method should be applied.

Here several algorithms are shown and numerical
g

~results are compared,

The Algorithms

A- Maximum G—radientI}3 This algorithm consists

first in selecting a random vector {Vkl Z}and calculating
its pay orf P{Vk] Z] . Then, all possible vectors are
formed, by either deleting or adding one project, and
their respective pay offs P {th Z} ere calculated.

The gradient function defined by:

G(k,t) =P {vkl;z} -~ P {vt] z}

is applied to each vector in order to find the vector
{vtol z} that gives the largest gradient. |

The vector Vto thus obtained is taken as a new
starting combinatidn and the procedure repeated again.

The algorithm stops when a Vectoerko ig found such that:
¢(ko,t)=0 , for all t.
Thus, the:set of all pay-offé formva 'surféce',
where seferal local marima and miniwa may be found. Tue

probability of reaching tne absolute maximum, when
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starting with a random selection of projects, will depend
on the fraction of starting combinations that lead to i+,

With this algorithm, once a2 maximum has been
reached, the whole procedure is repeated by starting again
with a new randomly selected combination of projects and
the whole procedure has to be repeated several times,
Therefore it is convénient to find a way of inérementing
the probability of reaching the absolute maximum, The
next algorithm is a modified version of the first, whic
has been shown to reduce the computation time and incre-
ésex the chances of reaching the absolute maximum in the
same number of trials, .

The last two algorithms {C and D) differ from
the first two in that once a local maximum has been
reached the next starting combinatioﬁ is not selected at
random but in a more convenient way, showing a reduction

in the number of random starts.

B- Positive Gradientil'B®? This algorithm is simi-

lar to the previous une, but instead of finding the pay
offs P {vtw z} and the gradient G(k,t) for all t, the
‘computation is carried out until a vector {Vt&l Z} is

- found that produces a positive gradient:
G(k,t) =P {vk] z} - P {vt+| 2} > 0
The vector Vt+ thus obtained is taken as a new

starting combination, The procedure 1s repeated again

as in the previous algoritnm.



155

By stopping the searcn with the first positive

gradiens found, the algorithm doec not follow the

'steepest slope' but any positive one., The way of rea-

ching the local maximum may seem longer, but a large

amount of calculation is saved by avoiding the 'complete

enumeration' of all combinations resulting from adding

or deleting one project to every starting combination.

C- One at a Time, Plus Two at a Time. This algo-

rithm starts in the same way as the previous one but differs

in the last step. The steps are as follows:

I

Select a random starting vector {Vk( Z} and

calculate its pay off T {Vkl Z} .

. II- All possible vectors {th 2} are tried by de~

III-~

IV

leting or adding one project at a time and

their respective pay offs P {Vt, Z}are calcula~
ted. The procedure is stopped when the first
positive gradient '

G(k,t+) = P {Vk] 2} - P {Vt+l z}>0 , is found.
The vector V., thus obtained is taken as a new
starting combination and the procedure is rebeaw
ted again as from (I), until a vector Vi is
found, suchn that:

G(ko,t) =< 0 , for all t.

Select: {vksl z} , where V, . is as V. but with
two projects chenged (added or deleted), and go

tc I.
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Thus the main feature here is that onég a iocal
maximum has been reached (by changing one project a% a
time), the algorithm ' jumps out' of the 'surrounding
vectors!' by changing two projects at a time. This, as
we shall see, will most probably lead to a different
local maximum,

A gimple problem will be used to illustrate
graphically step IV. The pay off matrix as well‘as the
pay off function is similar to the cne used by Reiter,R3

but it has been reduced to four projects, to simplify

the illustration.

o O O O
()
O
)
n

The resulting *'trees' of vectors leading to the
maxima are shown in PFig.30. Iig.31 shows a map, where
it is possible to-répresent each vector by a cell, The
colums of the map represenf two érojects, for example
the 1 aﬁd 2, and the rows another two projects, 3 and 4,
The four columns and the four rows intersect in 16 cells
that represént each of all possible combinations of
prbjects.‘ For example, cglumn 01 and row 11 intersect
in the cell 0111, which represents the vector'V(2,3,4)u

An important property of thié map is that any
move either vertical or horizontal of one cell involves

the change of only one project. Thﬁs, the step II
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consists of moving from one cell to one of the n adjacent
ones., .This property is not limited by the edges of the
map since the top cell is adjacent to the bottom cell of
the same column, Also the leftmost cell is adjacent to
the rightmost of the same row. Fror example, the four
adjacent cells to the 1010 are:

1011
1110 1010 0070
1000

The numbers in the center of each cell are the
corresponding combination of projects and the arrows show
how the algori%hm "moves! from one vector to the adjacent
one for this specific problem,

From the map and the algorithm it can be seen
that: two maxima cannot occupy adjacent cells, the ma-
xima are at least at a 'distance! of two cells and there

n--1 local maxima, These facts have

can be a maximum of 2
suggested the present algoritpm. In the example shown
here as well as in the one used by ReiterR3 the present
algorithm represents an improvement in the probability

of reaching another 1ocal maximum once the first one has
_ been obbained.

For a problem of 5 or even 6 projects a similar
map'can be drawn to observe the pattern of the arrows and
the location of the maxima, but over 6 projects the map
loses its simplicity. PFig.32 shows the map correspon&ing
to the problem given by Reiter.R3

The pay off matrix is:



-2 -3 5 -1
0o 6 -3 &
o 0 -2 -5
0 0 0 0

a =

© O O ©

The encircled dots represent arrows arriving to
the cell, while the encircled crosses are arrows depar-

ting from the cell, (see Fig. 32).

D- One at &2 Time, Plus N at a Time. This algorithm

follows the same steps I, II and III of the previous one
but in step IV instead of starting with Vks Z , the

new starting vector is %2 4 where VkN is as vko

View
but with N projects changed. Thus, algorithm C is egqui-

valent to algoritim D for N=2 |,

Results of Calculated Problems

Many problems with different pay off matrices and
different number of projects, were tried. Here, the
~result of ten of those probleﬁs is shown. The result is
typical of all the prqblems tried.

A1l ten probléms have a 10x10 pay off matrix and
. the entries were numbers heitween -9 and +9, obtained
from a random number generator with a uniform distri-
bution. A 10x10 matria. contains a maximum of 1024
. vectors Vk. Thus, complete enumeration and the a priofi
knowledge of the absolute maximom was possible,

The algorithms Wefe applisd until the absolute

maximum was reached., This was dene 100 times for each
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problem and the execution time, the number of pay off
calculations and the number of random starts were recor-
ded, Table 17 shows, for the algorithms A, B and C, the
avefage execution time (ET) in seconds,* the average
number of pay off calculations (r0) and the average
number of times (ST) the algorithms had to be restarted -
with a random vector,

Table 18 shows the percenvage of 'improvement!®
of ET, PO and ST obtained with the algorithm C in compa=-
rison with B. As can be seen, in average, there is a
47.48% reduction in the number of random starts (ST).
~This is due to the fact that after reaching one maximum
the next start is not selected at random., The improve-
ments in PO and Ef are in average 10.2% and 11.5% res-
pectively.

The execution time ET of the different algorithms
should be compared considering that the computer programs
differ in complexity from algorithm to algorithm. The
number of bagic instructions of the different computer
programs used are:

A B C D
55 37 51 51

The improvement of only 11.5% in the avsrage
execution time is mainly because the program for the algo-
rithm C is more complex than the one used for B, having a
largef number of basic instructions. The improvement in

the number of random starts with algorithm C compared

#Phe .CDC 6600 computer of the University of London
vas used.
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to B is very significant when it is related to the pro-
bability of reaching the z2bsolute maximum with one
random start.

Fig.33 is a plot of the improvement in percentage
in the numbér of random starts as a function of the pro-
bability of reaching the absolute maximum p(Vk) with one’
random selected vector Vk' As can be seen, algorithm C
ié better than B when the probability of finding the
absolute maximum in one trial is small.

A éOmparison has been made between the results
obtained with algorithm ¢ and D, for N=3, 4 and 5.
Algorithm D has shown no significant improvement in
comparison. to C. The comparisons with algorithm A are
not shown because the differences in ET, PO and ST are
so large that it was not considered worthwhile.

In thellight of the above results it can be said
that algorithms_B, C.and D are many times more efficient
than algorithm A and also that algorithm ¢ is an improve-
ment over B. It is significant to note the large improve-
ﬁent obtained when thé probabliity of reaching the

absolute maxinmum with one random sgtart is small.
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TABLE 17
Pro- A B C
blem ET PO ST ET PO ST ET PO ST
1  0.51% 859 86 0.451 749 16.56 0.065 105 1.13
2 0.606 1080 98 0,029 57 1.73 0.034 71 1.00
3 0.506 879 88 0.287 516 11.62 0.043 75 1.00
4 0.485 846 85 0.054 99 3.02 0.075 134 1.36
5 0.491 880 88 0.090 145 3.73 0.055 87 1.00
6 0.627 106G 106 0.024 41 1.04 0.023 40 1,00
7 0.276 482 48 0.056 106 3.06 0,093 181 2.12
8 0.594 1002 100 0,026 40 1.00 0.025 40 1.00
9 0.499 877 79 0.055 82 1.89 0.042 63 1.00
10 0.577 1026 93 0.022 40 1.00 0,023 40 1.00
Pro- C vs., B iﬁ %
TABLE 18 hlem ET PO ST
1 6 86  93.18
2 ~17  -25  42.20
3 85 85  91.40
4 -39 =35  54.97
5 39 40 73.20
6 4 2 3,85
7 =86 =74  69.00
8 4 o 0
9 24 23  47.09
10 -5 0 0
11.5 10.2 47.48
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APPENDIX II

AN ALGORITHI FOR THE KWAPSACK PROBLENM WITH
CONSTRAINTS IN FACH VARTABLE

The knapsack problem in the general form has been
treated extensively in a paper by Gilmore and Gomory,Gl
where solutions are provided for some problems. Among
others they treat the knapsack problem with bound in the
number of each type of item and a solution is proposed
but no algorithm is shown for it, Here, an algorithm for
the solution of such problem is given., The output is a
set of arrays giving the value of the cpiimum combination
in each case and vhe number of each type of iten,

In order to summarize the functions and be con-

sistent with the notation used by Gilmore and Gomory the

problem is stated as follows:
F(x) = max 2, T, . 2,
i=1l
subject to:
m
igi Zy o 1=x

and:

=
A

04

A function G(bl, caey P, x) is used to solve the

"y
(o)
o~
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knapsack problem, This funetion is defined as follows:Gl

G(0ys..,0,x) = 0 for all x (1)

G(bl, 0 ,bi+1,0,a ,O,X) =

= max | G(by,ee,b:,0,.0,%x-n.1. 4)+n.1,
. 7 { 1 i ’ i+l 1+i} (2)

vhere:

and  byq Znx C (3)

Equality (2) can alsc be expressed as follows:

G(bl’ L ’bi+170,- ,O,X+n.li+1) =

ma;{ {G(bl’..,b‘i ,O,.,O,X)+n.ﬂi+1} (4’)
n -

The functions used in the algorithm are (1) and
(4) and constraints (3). An explanation of the algorithm
based on (2) is as follows. Assume that for the items
lyeeey,i 5 we know the optimum subdivision of the length
X, Tor x beitween 0 and L, and that these optima are all
tabulated, Then, the 0ptimum.va1ue for a2 certain length
x will be G(bl,...,bi,o,...o,x) . Now, for the same -
length x we would like to know if the optimum value still
improves when a new item 1+1 of value ﬂi+1 and length
‘1141 is introduced. In order to do this we suorten the
length x by 1;,1 end find in the table what is the optimum
value with all items up to the i-th., Then, we prolong
the length xali+1, by 1i+1 introducing one of the items
of value ﬁi+1’ If the value of
G(bl,..,bi,o,..,O,x—ii+1) +M,,q 1s larger than the
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one for the length x and items 1,...1, then, we note
this new value and the new subdivision for the length x
and items 1,...i+1 . Then, we try by shortening x by
two times 1, . and adding these two items of %the value
isl etc. This procedure contvinues until x is
shortened by n.li+1 y Where n=bi+1 {(the bound imposed on
the number of items of type i+l). Thus, we obtain a new
column for the values of the function (2). Simultaneéusly
with this procedure, we keep track of the number of ez:
'type of item +that is needed to achieve each optimum.
In the algorithm we call these numbers b§ ’ whére b§ bi .

In order to sinmplify tue notation in the algorithm
and not tc confuse the inferim values obtained with the
final values, the following is defined:
b?(i,x) (for j=i) is an array where each point represents

the nurber of items of type j that have been se-

lected when items up to the type i and length x

are counsidered., From j=i it follows for

example that if i=2 {hen, there are only points

in the array’for'bg(2,x ,'b§(2;ﬁ) and bg(é,x) .
G.(x) is the interim value of the function

F(bl”"bi 0,..0,x) during the computation., The

final value of G,(x) will be equal to

F(bl,..,bi,o,,.,o,x) .

Instead of having an item m+l of length lm+1=1
and value nm£L=O y here the corresponding item is the

item 0 with length lo=1 and value = =0 . The rest of
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the notation follows closely the one used by Gilmore

and Gomory.

The main features of the algorithm are as follows,

(see Algcrithm below):

2=

b

From I.1 to I.3 the variables are initialized.
From II.1 to IIT.1 the introduction of the new
item i+l is performed and the values for

G; 1 (x+n.1;.4) and bﬁ(i+1,x+n.1i+l) are found.
Prom III.2 to III.4 the rest of the arrays are
updated.

From III.5 to IV.2 the value of x is incremented.
From V.1 to V.2, i is incremented and the values

of the arrays i+l are transferred to the arrays i.

Only two sets of arrays are needed at one time.

Therefore, the algorithm requires at least two sets of

arrays

Gd(x),bg(o,x),bi(o,x),...,b?(b,x) and the other is called:

GI(X),bg

to work with. One set is called:

(17X)9b§(19$)9-~~:b§+1(1yx) .

At any time during the computation, the first

set corresponds to the set i and the second one to the

set i+1

pleted,

set 1,

. When the computation for a certain i1 is com-
the values of the set i+l are transferred to the

Thus, an autenmatic renaming of the sets, for the

new i and i+1, takes place. -

The number of memory locations needed is 2(wm+2).L
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The Algorithm

I.1 Reorder the items such that“ﬂi+l/li+1§fg/li , for
1=i=mn ., '
Initialize Ga(x)=0 gnd b’g(a,x)=0 for: 0=x=1L, a=0,1
and 0=j=m .
Initialize bg(o,x)=x and ba“_(o,x)=x for O<x=1I .
Let i=0 and k=0 .
I:2  Let x=0 .
I.3 . Let n¥1 .
II.1  If x+n.1; 4=1L, then let V=Go(x)+n.ﬂ£+1 and go to
II.2. |
Otherwise go to III.1l.
I1.2 IfAV';Gi(x+n.li+1)~ lethi(x+n.li+i)=V )
b§+1(1,x+n.li+1)=n and b?(l,x+n.1i+l) = b%(o,x) ,
for j=0,...,i . Let k=1 and go to III.1l.
Otherwise go to III.1
III.i If né_bi+l go to III.Z2.
Otherwise let u=n+l and go to II.1.
I11.2 1If k=1 go to III.3.
- Otherwise go to III.5.
III.3 Do to III.#4 for all +t from 1 to IL:
if G4 (t) <Gq(t-1) let: |
| Gq(t) = Gl(t-l) ,
b%(1,t) = b*g(i,"t—l) for 1= j=i+1 ,
S bE(1,t) = bﬁ(l,t-1)+1
and go to III.4.
Otherwise, go to III.4.
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Iv.1l
Iv.2

V.2
V.3

V.4

If t= 1L go to III.3.

Otherwise let k=0 and go to IV.L.

Let x=x+1 and go to IV.2.

If x+li+1>>L ;1let i=i+1 and go to V.1,
Otherwise go to I.3.

If izZm stop.

Otherwise go to V.2,

Let s=1 and go to V.3.

Let _Go(s)=G1(s) s b“‘g(o,s)=b’§(1,s) for 0= j=1i
and go to V.4.

If s<1 let s=s+l and go to V.3. Otherwise go

I02.

to



APPENDIX III

ARROW'S AXIOMATIC FORMULATION OF THE SOCIAL WELFARE
FUNCTION'S THEOREM

This appendix contains a summary of K. Arrovw's
axiomatic formulation and conditions for a social wel-

Al The definitions used here are:

fare function.
xPy is read a8 : x is preforred to y
xIy is read as : x is indifferent to y
xRy is read as : f is preferred or indifferent
0y

The concept of social state is defined by a

complete}description of the following:

1l- the amount of each type of commodity in the
hands of each indi#idaal,

2- the amount of each broductive resource in-
vested in each type of productive activity,

3- the amount of variocus types of collective
‘activities (municipal, diplomatic, etc.), and

4= the amount of labour supplied by each indi-
vidual,

In other words, a social state is8 & vector with
many components, some of which are collective activities,
The expression Ri vill here be vead as the ordering of

individual i for the alternative social states,

170
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The problem considered here is how dne cén ccm-
bine individual preferences when making social choices
in a rational way. K. Arrow's formulation ig only con=-
cerned with the formal vrocedure, if such thing is pos-
sible. tarting with two axioms, he defined the notion

of preference,

Axiom I : Por all x and v, either xRy or ny.A

That is to may, that is should always be possible

to compare any pair of alternatives (x and y).

Axiom II: PFor all x, v and 3, xRy and yRZ imply xR3z.

This means that the preferences are transitive,
e.g., if xRy and yRz, then it would be inconsisgient for

the voter to select zRx.

Observe that axioms I ard II do not exclude the
poseibility xRy and yRx. This implies tbat xIy and yIx.
If axioms I and II are met, it is said that the indivi-
duals are rational, .

The set of conditions reguired for & social wel-

fare functicn ares®

Condition 1: Universal admissibility of individual

ordering
Any individual may choose any one order of alter-
natives, This condition is very imporitant because one

may not like to impose restrictions on individual choices

* Following W.H. Rikerﬁ4g 2 rather less formal
language than Arrow's will be used hnere.



172

simply to make a social welfare function work.

Condition 2: DPositive association of social vaiues

Social ordering must follow positively the indi-
vidual orderings. That is, that if in the esvablished
social order xRy and a group of individuals raises x
8till further in the ordering, then it will s8+till be xRy

(x will not fall below ).

Condition 3: Independence from irrelevant alternatives

This condition means that if in a social ordering
including alternatives x, y and %z, xRy, and then z is
eliminated as an alternative, then it should still

remain xRy.

Condition 4: The social welfare function is not to be

impoged
This condition is related to Condition 1, and
atates that the social welfare funetion must not be given

independeﬁtly of individual preferences.

Condition 5: The social welfare function is not to be

dictatorial

Here, dictatorial means that some individual or
group of individuals® preference is xRy, and it is then
decided thet the social preference is xRy, regardless

of the preferences of other individuals.

A% this point, it may be useful to quote Arrow's
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remarks on these conditions:Al

We have ncw imposed five apparently reasonable
conditions on the construmction of a social welfare
function. These conditions are, of course, value
judgnments and could be called into question; taken
together they express the doctrines of citizens!
sovercignty and rationality in a very general form,
with ine citizens being allowed to have a wide
range of values. The quesgtion raised is that of
constructing a social ordering of all conceivable
alternative social states from any given set of
individual orderings of those social statves, the
method of counstruction being in accordance with
the value judgments of citizens! sovereigniy and
rationality...

Having stated these conditions, Arrow shows his

fundamental theorem with a detailed proof.Al

The thesorem
io stated thus:

Every socizal welfare function satisfying
Conditions 1 t0o 5 and producing & gocinl or-
dering satiefying Axioms I and II must vio-

late Conditilion 4 or Condition 5.




APPENDIX IV

LOCAL NETWORK OPTIMIZATION

The wiring of the local network is an imporvant
part to be congidered in the optimization procedure since
it accounts for approximately 35 to 45% of the total
investment in the network.Ll’C5

Swain has sthn in a study of the costs of the
local networks, that the present value of annual cﬁarges
involved are a function of the rate of growth of the num-
ber of lines installed and of the grovisioning period.

In the next page, Fig. 34, taken from Swain,s6
illustrates this function, having as a parameter the
rate of growth in the number of lines.

Prom this function one can observe that if the»
rate of growth in the number of lines is ten per year,
the optimum provision period would ve 9 years. Fig. 35
shows the ontimum provisioan period in function of the
rate of growth of ihe subscriber lines. |

The numerical values for these functions were
obtained by the British G.P.0. from statistics for the
United Kingdom. The actual values for another country
will probably vary from this. 't would then be advisable,
whenever possible, to make this type of calculation

before deciding the installation of the local network.

174



(1,000 £)

10
Fig. 3b //4CO peals
9 /
Present '// 5 .
value of 8 //
annual
charges ,,////
]
7 —
{ ) /
A\
6 ; 2
. 4 oh.
- ! ,/// yd
2 | v 4//
\‘j"/ 40 Pefe
I+ A | /
R ' /ﬁo p-ae
- T -
2 ! L~
\“*T———"’ﬁb Pella
2 ) /
:\'\\———/ 10 Pafle
\_\\ -
1 ~ - Plecle
O
0 5 10 15 20
Provisgioning period (years)
100

80

60

Lo

20

Fige 3
35 o

Number of

L lines per
annun
Frovisioning
, Pericd o ‘
0 2 ok 6 10 i2

175



APPENDIX V

' PROGRAI LISTINGS AND FLOW-GRAPHS OF CHAPTERS III AND IV

The following six figures, Figs. 23 to 28 are
the flow-graphs of the different blocks of the contrelling
program. Pig. 29 shows a flow-graph of the controlling
progran working within the simulation program.

The flow-graphs are followed by a listing of the
simulation and controlling program, and by a sample of a
typical simulation output. First the initial state of
the storage is shown; then a sample of the output and
finally the state of the storage after 40 complete cycles
of simulation.. A listing of the programs used in this

work appears on pages /88 -193
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Message

RECEIVED,
SENT )
RECEIVED,
RECEIVED,
RECEIVED,
SEHT ,
RECEIVED,
RECEIVED,
RECEIVED,
SEHT )
RECEIVED,
RECEIVED,

4 =

o
WAHWOHRMNDWOHMWMNOH

3126
3126
15
15
3956
3956
15
14
3409
3409
15
15

=

=

INVALID CDS = 00 66

CALL LOCATED IN IKDE

RECEIVED,
RECEIVED,
RECTIVED,
SENT ,
RECEIVED,
RECEIVED,
RECEIVED,
RECEIVED,
RECEIVED,
RECEIVED,
RECEIVED,
RECEIVED,
SEHT ,
RECEIVED,
SENT ,
RECEIVED,
RECEIVED,
RECEIVED,
SENT ,
RECEIVED,
SENT .
SENT ,
RECEIVED,
SENT )
RECEIVED,
RECEIVED,

INVALID CDS :
CALL LOCATED IN INDBX = 1 DELETED

RECEIVED,
SENT ,
RECEIVED,
SENT
RECEIVED,
RECEIVED,

RECEIVED,

RECEIVED.
RECEIVED,
RECEIVED,
RECEIVED,

1
10

td
O+

WHENOWMPNDWOUUIDWE NWVIVIVWUIN DN O WL

W1 A UT D PO

14
14
3476
3476
15
13
13
13
15
15
13
13
2544
10
13
14
13
14
5563
25
25
14
14
14
15
15

-

.
>3

OOV OV IR -JORERNOWNNNNDUOVIVTE 33U OO ONNNWIO

!

= 00 8228

4917
4917
2931
2931
20
9

9 .
9
20
20

9

2

I CONOPNDOOOO

1

185

(Yomments:

0GS 3126 has Dial Tone

CGS 3956 has Dial Tone

DELETED

C3S8 %476 has Dial Tone
CGS 3409 has Dial Tone

GGS.4917 has Dial Tone
CGS 2931 has Dial Toue



(Coniinued)
Hessage
RECEIVED, 1
SEHT , 10
RECEIVED, 3
RECEIVED, 3

INVALID CDS
CALL LOCATED IN INDEX = 4 DELETED

RECEIVED,
RECEIVED,
SENT .
RECEIVED,
SENT )
SENT .
RECEIVED,
RECEIVED,
RECEIVED,
SENT ,
RECEIVED,
RECEIVED,
INVALID

IV O NDDVIVIO O DO

CDS

CALL LOCA®ED

RECEIVET,
SENT .

RECEIVED,.

SENT ,
RECEIVED,
RECEIVED,
RECEIVED,
RECEIVED,
" RECEIVED,
RECEIVED,
SENT .
RECEIVED,

1
10
1
10

1

N O = LTLEWE A R

3393 0
3293 15
20 1

9 1

= 00 8081

15
= 00

YNNI IOV NN

7166

IN INDEX =

3681
5681
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3833
14
15
15
15
15
2925
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9

-
A

e

NOOUVWIGTIR NN OUWNMO
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5 DELETED
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0
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0000

EXNU

00
00
00
00
00
co
00
00
00
00
00
00
00
00

DD
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188"

. c .
H - C *******?****&k****** NI\:N F’HD'GR/\'-‘ HRLEAR AL EEREEEAXFRRE

: . INTEGER .COLASREGNUsPRSS1DIGE TePROXs A1 A2 1A AG3]1 1B24B3Ra
' INTEGER S(IOO)QNCXT(10L)-L]NV(]OO)-F]L‘(]UO)-HH(GQ)-FLNM
INTEGER ND('UO).nyl100).02(1001-01(100)-hnt1Lﬂ)c19N(a=)-nu5Y(‘oo)
INTEGER C1(1001+C2(10U)«CIICUI«CatlIUD) ef 11100 «E201COLIRINGI100) .
INTEGER REGI (1001 «REGP IGO0 «FHIlab) e IFNI4D) .
COMMON LENGTHsCOLAsPROX « MAX sINEAT e L INK a5 e ilce THNAMORING. X FFN
COMMON D14D221D33DaF1¢E2+C) ¢CPeClCaetsus,Y e NXEVHT oF [1 C2REGIeREG2+FN
23 FORMAT(//31H OFHIS ARE LEXCFEDINGIRNLUXT CARRAY) .
73 FORMAT (/12H NEXT FVFENT=412) ‘

74 FORMAT (/8H S$5z¢12+6H NEZTze 16e9H THD=¢ 12e48H 122 12)
7S FORMAT(/464 MESUAGE HECEIVEDelas 16414)
HFEALTAFF XTSI AXRATES

c AREREX AR LR AR FRRERE INITIAL ~ONDITIUNS
CALL »CTHANG .
d SET F.iRST CALL TO START THI SY5TE s
: CALL FIRST L * -
: CALL CHA&RT . | .
H . No= O - :
c .
. Cc *_:«****i**b&%!-;—**a BR® . e S LHAGE CINTE RRUPT) HF X EFERPERE RS RS
€ .
! 97 . CALL JCAN(]]-JSolNOqQD.FLN") .
GO TO ‘_'III"L.Q"J.LL"’:‘UO“C‘“!/O ~!4~‘\'hh':-:a]q¢?-(7J)n“a~‘

51 CONTINJE
C—=m==NEXT MESSAGE [S AN OFF 1HOCK
IF(INDoEQ.PROX) A0 TC 25
NP = NREXTIPPOX)
MEXT (PROX) = WEIXTCIND)
NEXTCINDY = KP
16P = S(PROX)
S{PROX)Y = SHLUIMD)Y
SUINDY = ISP
IND = PROX
25 CONTINUE
A1=3¥RECDISIX) +7,
’ A2 = 10,%¥RECDIS(X)
: A3 = 104*RFCDIS (X}
! A4 = 104%¥RECDIS(X)
ICODF =
TADD=AT#1000+AP#CU+AIR10+AS
HESSzO
GO TO 96
o 52 CONTINUE
. Cmmme=NEXT MESSAGE 1S FROY A QFGIHTHI :
c MESSz 21CONMR4NTYI e Z(LHNARLE TU COUNNY
ICODE =2 '
1A0D=RR
MFSS = 2
GO TO 96
52 CONTINUF
Crmmmem=NEXT MESSAGE 4% A DTALLED DIGIT
1CONF = 3
DIGIT=1Ua¥RECHIN(X)
1ADD=RR
MESS=DIGIT
GO TO 96
€64  CONTINUE .
[} NEXT MESLAGE l§ FROM. A R GISTUR AMUT cnn IF ROEerESSs TIRY s BIH)s GLU)

L9

Fo,

e . i e s b

i

e

—e




i
¢

EAREN

Goae

J

954

955

956

S8

60

591

c

&1

ICODE = 2
JADD=REGZ2{ IND)
RR=REG2( IND)
ROB=RECDISIX) = 0«5
[F(ROB) 95449954956 : .
MESS=7 :
GO TO 96
MESS=9
GO TO 96
MESS=8
GO TO 96
CONTINUE
NEXT MESSAGE 1S FROM A ZDS OFH
1CODE=2
1ADD=REG? ( IND}
MESS=1
GO TO 96

. CONTINUE

NEXT MESSAGE 15 FROM A TRUMNKCD ANSWERMESS=S 1(R)e 2(B) 3(u)

ICODE = 6

JADD=FLNM

ROB = RECDIS(X)-=- L5

IF(ROB)Y BS4+855%¢856

MESS=]

GO TO 96

MESS=3

GO TO 96 .

MESS=2 . . y )
GO TO 96 -

CONTINUE

NEXT MESSAGE 1S FROM A TRUNKCL ANSWER

1CODE=6
IADD=FLNM

MESS=. 4 (GRANTED)« S(NOT GRAMTED)

MESS=4 :

GO TO 96

CONT INUE .

NEXT MESS 1S FROM A REG INFORMING THAT CGS HAS RT
MESS=4

GO TO 591

CONT INUE

NEXT MESS 1S FROM A REG [NFORMING THAT CGH HAL 8T
MESS=5 .

GO TO 59. :

CONTINUE

NEXT MESS 1S FROV A REG INFORMIMG THAT A CGS HAS UT
MESS=6

[CODE=2

1ADD=RR

GO TO 96

CONTINUE
NEXT MESSAGE 1S AN INCOMING TRUNK CALL
IFCINDeEQePROX) GO TO 62%

NP=NEXT(PROX])

NEXT(PROX)=MEXT{ IND)

NEXT(IND)=NP

1SP=S{PROX}

SI{PROX)I=5{IND)

S{IND)=ISP




]

(g}

654

655

a2

83

84

a8s

86

a7

88

89

90

91

NEXT( 1)==100,4#ALOG(T)
TOL=RECDISIX)=0e1
IF{TOL) 6984655655
S(h=11 ’ '
GO TO 99
Stly=y
GO TO 99
GENERATE FIX TIME FCOR REGISTFR ANSWFR
CONT I NUE
NEXT(IND) =
SUIND)Y = 2
GO TO 81
CENERATE TIME FOR A DD
CONTINUE . !
T=RECDISI{X)
NEXT{IND) ==%.%ALOGIT)
StIND) = 3 .
GO TO 99,
REGISTER ANSWER ON CDS STATUS
CONT INUE .
NEXTCIND)Y = NEXTIND) + 1
SUIND)Y = 4 °
GO TO 99
CONTINUE
GENERATFE TIME FOR CDS OFH
T=RECHISIX)
NEXT(IND) 2=2004 #ALOGITY |
CLS NOES NOT ANSWER RINGING
IFINEXT(INDY »GHe100) GO TO HBS5
SCIND)Y = 5 .
GO TO 99
GO T¢ <3
CONT INUT
INVALIND OFH
SCIND)Y =0
NIZXTOINDY =1 00000
GO TO 81
GEMERATE, TIME FOR TI?UNK(‘[) ANSWE L
CONT INUE
SCINDI=T
NEXT(INDY =
GO .TO 99
GON TIME FOR A
CONTINUE ,
MEXTCOIND) = HEXT(IND) + 1
SUIND) =R
GO TO 99
CONMNTIMUE
GO TO wo
GEN TIME FOR A prc
COMNT INUE
NEXT{IND) SNEXTOIND Y41
SUIND)=9
GO TO va
GEN TIME FOR A
CONT INUE
NEXTCINDY =
SUIND)Y=10

NEXT(IND) + 1

NEXTOINOY + 1

REG TO ANSWER TiHLT CGS HAS

TO ANSWFR THAT GRS HAS

REG TO ANSWER THAT GGh HAS

NEXTOIND)Y + 1

T

PT

. uT

coan

625

Cc
Cc

62

63

EZ I TR LS XL TE L

IND=PROX

CONTINUE

ICODE. = & -
1ADD= 104 *RECDIS(X)
LEI = 040

E2 = 6.%RECDISIX)
MESS=LE2
FLINM= 1 ADD

GO TO 96

CONTINUE

NEXT MESSAGE INCOMING DO

IS AN

"1CODE = 7

1ADD=FLNM
MESS=10e#RECD1S{X)
GD TG 96
CONTINUE,
NEXT MISSAGE 1S A

CGE ONH
1CODE=+ '

TAl=ClIOIND)

A2=C2IND)
A3=C3{IND)
A4=Cq { IND)
lADD-—IOOO*Al+](‘O* APH+10*ATI+A4
MESS=0

GO TO 96

PRROCE HS NG

[ GEN TIME FOR AN FxNU ANSWER

¢ GENERATE. TIME FOR NEXT DD OR AN INCOMING TRUNK CALL
92 CONTINUE _ )
’ NEXT(IND) = NEXT(IND) + 1 :
SUINDY = 12 ‘ .
‘ GO TO 99 ‘
c - GEN TIME FOR A CGS ONH
93 CONTINUE
‘ T=RECDIS(X) .
NEXT({IND)==100e%ALOG(T)
S(IND)=13

GO TO 99
1S ROS8

IF CDS

NEXTCIND)Y=NEXTOIND Y2

S(IND) =6

. GO TO 99 .

c 33 3630 O A W 64 3 O 3 R
99 CONTINUVE .

N = N+ 1

1F{N~-100)

CONT INUE

CALL. CHART

sSTCPR

END

94

GUTBUT AND RECYCLING

Q7+98+98
98

GF ME S AGE T TR T R AL R S L

A NEW MESSAGE HAD BEEN RECHIVEDS b DECOUERL AND TRAMSFERRED TO THE PROPER BLOC
96

72

ai

22

CONT INUE
WRITE(6+75) ICODF«JADD MESS |
GO TOU1 424344654070 ICU[";

EVENT Fe 3 36 336 I I W I I

INCOMIMG CALL

CAll. OFH (AIQLL.'A"AQ)

GO TO 72

CALL DAUNIT (RR«MFSH)

GO TO 72

CALL DD {RRWDIGIT)

GO To 72

CALL. ONH(AI.AZ.A?.A‘J)

GO TO 72

Call. INCOM (FLNM.LEIcLEZ)

GO TO 72

CALL TRUNKC (FLLNV W MESS)

GO 10 72

CALL INCOMD  (FLNMMESS

GO To 72

************%»****** DECINOF NeXT
CONT INUE

GO TO (BlIB?!BJORQol}‘ﬁ!”(}!“"~ﬂﬁ‘8“-”0\”1v‘lco‘)!ﬂ)l&)UNXCVNT
GEN TIME AND FINND SPACF FOR OFH OR
S=1 (OFH) $=171 (INCOM)
CONT I NUE

D0 22 I=14MAX »

IF(S(1)s+EQeQ) GO TO P4

MAX = MAX + |

JFL1._Ee100) GO TO 24

WRITE{(6423)

Go to 99

3 3% 3¢ ¥

06T



1091

2001

SUBROUTINE FIRST _
INTEGER COLASREGNUIRRSSHDIGITIPROXIAI VAR A3 A4131+482+133484
INTEGER -S(100) +NEXTC100) s LINK {100V +FILE(1U0YsRN(4SH) yFLNM

INTEGER ND(100)+p1(1001+02(1006)+D3(1001.+Da(100) ¢« (RN 4G) »BUSY(100)
INTEGER C1¢100)+Cp(10C)2Ca¢10U)«Cal10C)YsE1CI00)+E2¢100) +RING( 100

INTEGER REGI(1C0)-REG2 (100 +FNIAS) s IFN{4%H)
COMMON LENGTHeCOLAPROX e MAXNEXTaLINK o5 oRNe TRRIND «RING X« 1FN

COMMON D1 9D23D3+D4F 1 sEPsCLeC2¢C3¢Ca+FIUNY s NXEVNToF ILE ¢+ RFEGL sREG2+FN

DC lU 1=1+100
T=RECDIS(X)
NEXT(])==F00e xALOG(T)
TS(1y=)

CoLA = 1

RETURN

E N

SUBROUTINE SCAN(T1+5Se IN'RRFLNM)

INTEGER CQLA,REGNU.RN.S&.OIGIT-PQOX~AIoAE.AchﬂcUIvU2-03~BQ
INTEGER S(lOO)-NExT(1OC)-LINxtloo)-FlLE(lOO)-nN(AS)aFLNM

INTEGER ND(lUU)toltlOC)vD?(lUO)vDH]fOO)nDa(lOO)vIQN(QS)tRUSY(100)

INTEGER Cl(iOO)vﬂPiIOO).C3(]CO).CQ(!OO).E](]00).52(100,QQING(loo)

INTEGER REG1(100)«REG2( 100 +FNI4S) s [FNLAG) .,
COMMON LENGTHsCOLAPROX s MAX «NEXT s LINK ¢S e RNy R

, NeNDoR :
COMMON DI1+D2vD3+D4sL 1 eE2 *MDIRING o Xy IFN

Il = 9999
DO 1091 J=14+100
IF(NEXTtU)eGES11) G0 TO 1091
11 = NEXT(J)
<« IN=J '
CONTINUE ' : .
SS = S(IN)
RR = REGL (IN)
FLMNM=F JLE ¢ IN)
DO 2001 K=1eMAX
NEXT(K) = NEXT(K) - 11 -
RET.R 4 '
END

1 'CZ!CJvClJ'Hl)SY'NXEVNTtFILE.REGl TREG2+FN

50

53}

XCHPING , )
?:?ggg;IEELA?QEGNU.RD.bb.D!GIT.anX.A]»A?oAH'Aacu:yﬁao:ﬁvaa
INTEGFR.S(IOU)~NFXT(|UU)-LlNK()00)-FILE(IOO)-RN(4){0FE anbY( o
INTEGER ND(|002-n,t100).n?(;ur).oat)ooa-nn(lou)-l?h(a_)vé G(léo)
INTIGER CI(IUG)xCG(th)ch()UU)vCa(]UO)-E:(\00)-Fd<100). ING¢ 100)

= GER (GIC100) REGACTIQOY sFMUASRY o [T M4
égxﬁgiRnggiH{COihoPNUX-MAX-NEXTvLINKo%-PNvI&M-NntklﬂG:X-lFN-. .
COMMON 01.02'D1~DA0F1'EP-C|.cpccj.ca.ndbv-anva-PILL-hFGx.Rhgz..N

FORMAT (//3H X=+F%,29+30H THE FIRST RANDOYM MUEHER [5eFAe6)
DO SC J = 14100

D1¢Jy =0

D2JY =0 :

D3CYy =0

pDac¢J)y =0

‘ND¢J) =

Clrtd) =

catdy =v

C3(Jy '=u

CatJd) =0 .
Fl(JY =U

E2(u) =0

NEXT(JDY = 100000

REGITJY =D

REG2(J)=0

S =0

FILE(DOY = Q

HUSY(JY = O

RING(J)Y =0 ’

LINK(JY = J+)

DO 5) | = [s+4a%

FN(1)=0

1FN¢( 1Y =0

RN(IY =0

IRNCY)Y =0 *
MAX =Q

PROX = |

X = 1278

XXsRECHIG(X) )
WRITE(O «5P) Xe XX o R
LENGTH = O )

CoLA =0 ,
RETURN };
END e}



76

399
azl
C -

[o
800

814

803

SUBROUTINE QFHIAL A2 AT AL )

INTEGER COLAYREGNURR«SHDIGITePROX eAT ¢ AZ e AL Aneli] 0i3 i34
INTEGER: ST100) «NFXTOIOCI s IN IO oFTLECT1D0) o RNTAL) o FLNY

INTEGER ND(100) en1 (1001 +DP 100+ LI00)eRa 100 v IRNIAS) s MUSY(10M)
INTEGER CI10CIsC2C10CICICI0U) «LAL100) 100G E20ID0) ~RING(100}
[NTEGER REGL(100) «REGP(10C) FNLany e IFNLASY °

COMMON LENGTHsCOLA»PROK « MAX «NEXT o L INF v 5 s RN IRNeND+RING e X+ IFN
COMMON D1 vD2¢D3 D4 sETsE21C1eCovCAeTHHUSY aNXEVNT T ILE s REGI +REG2FN

FGRMAT (/£ 46H MESLAGE SENT sl4e16s14)
FORMAT (264 ALL REGS ARE ENGAGEVCGS sallelén LOST THE CALL) '
FORMAT(//13H INVALID CGS=+411416H MESSAGE. 1GNURED) | i
TEST IF CGS 1S A vaL Iy NUMBER - ’ _
1A = Al + | :
GO TO (814481464813181348130813+814+81408144514191A

CONT INVE *

VAL [D NUMBER+TCeSe TEST HAS TO UF [NTRCCUCED HERE | .
CALL ALLOC (A1+A23A3+A4¢0+04C2000+0)
I = coLAa : ] '
CALL RENUCALSLLENOWLL) : ;
1F (LLENOJGEQ.1) GO TC 800 .
REG! 1)=L1.

IRMILL)Y = 1

RN(LLY = 1

ICODE=1G | .

1ADD = A1*1000+A2%100+A3%10+A4
MESS = LL
VRITE(6+76)
NXEVYNT =.,2
GO TO 803 .

v

ICCOF + [ ADD +MFSS

ALL REGS ARF ENGAGFD

CALL DELETE(I)
WRITE(64399) Al+APWA3AG
NXEVNT = 1

GO TO 803 -

CGS 1S NOT VALID

CONT INUE '
WRITEL6+4821) AlsAP+AZsAG
NXEVNT =6

CONT INUE

RETURN

END . ) .

2020

2001

2999

CINTEGER

SUBROUTINE ALLOC
INTEGER
INTEGER
INTEGER
INTEGER

(21 e AZe AdAG T o2 030 a G0l B 1oL E2 )
COLASRFONU s R« LGOI TGIToINION s AT e A s Ads Adeli ] 0120 t4730124
SEI0U) sNEXT 100 s L INK (100Y) R TLEC 001 sRNI6S) sFLNM
NOCITOUI DI IOV DA TRLY SDICIVOY sRA TUD) CIRNCAS) vFUSY( 100)
CLUTOOY4CP 10U CAMIUVICCAl 1LY eETITIO0YISER(100) +RING( 100)
REG1OIV0) e REGRL100) oFNIAS) ¢ [FNLab)

COMMON LEMNGTHCOLASPROX s MAX sNEXToILINK s SvRNe TRNSND «RTNGs X IFN
COMMON D1 sD2+03+DAF1vED 001 vC29C32CATHUSY sNXFVNTF [LEsREG] ¢REG2+FN
FORMAT (//2GH MEIMORY CAPACITY FXCEEDFD)

J = PROX M .

K = COLA

PROX = LINK(J)

IF(PROXsGFe 100) GO TO 2001

MAX=MAX+1

LINKGJ) = LINK(K)

LINK(KY = J

COLA = J

LENGTH = LENGTH + 1 Y
ciicoLa)y = A1

C2(COLAY = A2

. C3tcoLay = Al

C4({COLA)Y = A4

Dl(COLA)Y ='B1

D2{CoLAY = R2Z2-

D3(COLA) = B3 . I
D4(COLAY = B4 c

E1(COLA) = LE1

.E2(COLA) = LE2

GO TO 2999
CONT INUE
WRITE(6.2020)
CALL ERROR
CONT INUE
RETURN

END

26T



SURROUT INE RENUCJAB LI ENOLL)

INTEGER COLAYREGNUsRRSSDIGITsPROXAL 4 AZ1A3sA4B14B2+83484
INTEGER S(100) sNEXT (100 sL INK ( 100) +FILF(100) ¢sRNIAK) +FLINM

INTFRGER 0(100).n1(1oJ).o?txuu).n1(1oo).naxzou).xpmtaqy.pusvtxoo)
INTEGER Cl(lUb)'C“(IOb)vC1(lCO)-Ca(IOOI-CI(IOO)-FP(100)-RlNGf100)
INTEGER REGI(100),REGRI100)¢FNUAS) s IFNCASY

CCMMON - L_ENGTHOCOL_AO"QOX.MAX.NFXT-L_l‘lKo onNQIQ\JUND'DING'XQIFN . §
COMMOM D1 +D2+D3sD4VE)sE23C1 +CA0C30Cas AUSY s NXEVNToF ILEVREG] ¢REG2+FN
FORMATC(/Z16H FIRST DIGIT 15 +1124H RENU. CALLED ERRONEOUSLY)Y  ° :
JAB= FIRST DIGIT OF CGS+CDS., LbL= REG FOUND FREE

K. =C

LLENO =U )

GO TO ’Jalcduéthi-sua.iﬂhqsuocJul.an-sHU)chu . R

C FIND A FREE REG : ;

381

382

383

384

386
387
388
389
30U

260
an

CONTINUE
GO TO 390 _ ;
CONTINUE - -

IF(IRN(8)eEQe0IKK =] . ’ . :
IF(IRNID) o(QeOIKK =

IF(IRNIIC)YaFQeNIRK=T3

IF (KKEGQeD) GO TO 360

LL = 7 + KK R L

GO TO 311 ) .

CONT INUE ’

IF(IRNII3) aEQVIKKR] . .
IFCIRNII4) FOaLIKK=2 ’ . -
IFIIRNILIS) «E0,01KK=] : ‘ :

IF (KK.FQ.0) GO To 36U

LL = 12 + KK . )

GO TO 31l . .
CONT INUE

IF(IRNI1B)eENeMIKK=1]

IF(IRNI19) 4FO VYK =P ]

IFCIRNIPOY «EQe OIKK=1] - ] ;
IF (KKaEQ.U) GO TO 360
LL = 17 + KK

GO TO 311

CONT INUE
TFUIRNIE23) o500 )K=
IF(IRNIR4) oFQeMIKKF=2
IFCIRNI2S5)eFNe 0tk =
IF (KKeENLO) GO TO 36C
LL = 22 + KK

GO TO 311 _
CONT [ NUE L : :
CONTINUE . . :
CONTINUE .
CONTINUE

CONTINUE ;
WP ITE(6380) JAB . :

GO TO 311 i
LLENO = 1 :
CONT INUE . ' :
RETURN
END

160
111

GO TO 111

SUBROUTINE FlLENU(lF?QLLENh'LX)

INTEGER coLA.QEGNU.pncsb-anl1«PR0X.A1cAzOA5-&4-8108?081c84
INTEGER SU100)sNFXTL100) sLINKEI00) vF ILE (1 00) vRNEAS) sFLNM

INTEGER NDU1U0} D1 (10U D2(100)«DIC100) DAl 10C) «IRNAS) »BUSY( 100)
INTEGER C10100)4Cr0100)9C30100)+CAa100)ETLI00)L20100) sRING(100)
INTEGER REGI(100)-REG2(100) oFNL4S)Y s IFNLAY)

COMMON LENGTHCOLAPROXsMAXINEXT v LINK ¢ 50Ny [RNIND o RINGy X IFN
COM™MON D1vD2+D3eD4 i1 oeF2 eC1ICR1CICavBUSY sNXEVNTF ILE Y QEGI-REG2tFN
KK =0

LLENZ = O ' .
GO TO (1é2¢3¢845) ¢ 1E2

CONTINUE

IFCIFNIUT1)eEQLL) KK=]
IFUIFNI12)4EQ40) KKz
IFCIFNCG13)eEQ,D)Y wK=3 .
IFIKKeEQeD) GO TO 160 ’
LX=10+K<

GO TO 111

CONT [NUFE
IFLIFNE21EQa0) kK=
IFUIFN(22) o0 kK=
IFCIFNI23) eEQeN) KkK=1
1IFIKKsEQa0) GO TO 160
LX=20+4+KK

GO TO 111

CONT INUE

IFCIFNE31) JENeD) KK=)
IFUIFNI32)eEQe0) KK=2
IFUIFN(33)eE06V) KK=1]
IF(KK.EQ.0} GO TO 160
LX=30+KK

GO 10 111

CONT INUE
[FUIFNIA] ) oEQ,0) wkK=1
IF(IFN(42) aEQel) KK=p
IFCIFNGA3)eEQ40) KK=1
IF(KKeEQ.Q) GO TO 160
LX=404+KK

GO TO 111}

CONT INUE

IFCIFNG 3)4EQ.0) wK=3
IFCIFNG 1)eEQ.0) kK=
IFCIFNG 2) oEQe0) KK=p
IF(KKeFQe0) GO TO 160
LX=KK

LLENA=1
CONTINUE
RETURN
EnND

£6T



C

76

QU4

Cc

C

Cc

C

C

C

91t

313

ala

az0

SUBROUTINE DDCIDDR +CIGIT)
INTEGER COLAOQFGNU!RR‘SQODIG]TOPROX'AXQAEQABOAQOHX'H20U3084
INTEGER sc:OO).erT(100)-L|Nr(100,-:1Lr(xOO)-QN<45)-FLNM
INTEGER NDO(100)+D1 100102 A1G01 D310 DAt ICUI s IRNTA5) +RUSY (100)
INTEGER
INTEGER RFEGI(1V0} +REG2(10C)FNIAS) ¢ IFNCAS) !
COMMON LENGTHCOLAPROX e MAX sMEXT s L INK e S RN THNIND vRING e X o [FN
COMMON Dloo?nganoa.pxoLa-cl-CzoLs.CQOHUbYcN‘EVNT'FILFtREGl-REGZvFN
FORMAT (/464 MESHAGE SENT. -14-16-14)
SET ORDIMNAL OF DIGIT
I= RN(IDDR)
NDCIY = NDOIY + 1
NDD = ND(I)
GO TO (S501+002+9072¢904 490640063 «NOD
DItly = DIGIT °
GO TO 990
p2¢1)y = DIGIT .
GO TO 960
DALY = DIGIT
GO TO 990
CONTINUE
NXEVNT =3
GO TO 999
FOURTH DIGIT
Datly = DIGIT
TRUNK CALL TEST
IFID1C1)+ECe6) GO TO
TEST IF VALID NUMRFIR
JB = DICHY + 1
GO TO (9314511 aP1 321/l eslaeilacedietilbatla) ety
COPERATOR REOUESTED . .
CALL CPERAT(I1)
NXEVNT = 9
CU TO 999
CONT INUE
TOS TEST HAS 10 BE INTRODUCLD HERE s CONNLCT
ILI=DI ) .
CALL RENULIDI«LLFNOSLL)
IF(LLENOCLFOel1) GO TO 080
REG2(1)=L1.
IRM(LLY=1 .
RNtLLY=I R
1CONE =9
TADD=1000#0) 11+ 100N 01 +10#DLT)+Da )
MESS=REG2 (T )
WRITE(6476) 1CODF « 1LDN o148 Y5 .
NXEVNT=4 . ‘ .
GU TO 999 : : .
INVALID COS .
CALL INVALI- (1) : - .
NXEVNT = @ ) .
GO TO 999
TRUNK CALL
CONT THUE
E1¢.}
E201)
PINRS]
natety
D301

920

LI
201
DALY
Ladcl)
U

nonou

Cl(100)~C?(1Ov)~C1(lOO)oC4<]00)'F1‘100"F?"Oo"RlNG(‘00)'

RINGING CURRENT TO CD3S

' 999

Datly = 0
GO 'TO 990
Cc FIFTH DIGIT
905" CONTINUE
DZ(1y = DIGIY
GO TO 940

EC SIXTH DIGIT

906 CONTINUE
Dacl)y = DIGIT
- lE2=E2(1)
IE=IER2+1

9 CONT INUE
GO TO 914

- C "OUTGOING TRUNK CALL. DIALLING COMPLETEDsSEND MELS,TO EXNU

GO TO (Gulalelelel19¢924919)0iE

1 CALL FILEMUCIEZJLLFNASLX)

IF(LLENASEQL )
FILF(I) = LX
IFN(LX) =1
FNTLXY=1
1CODE=S
TADD=F "¢t (1)
MESS=1
. WRITE(H+76)
’ NXEVNT = 7
"GO TO 999
CONTINUE
CONTINUE
ICODE=8
TADD=RFG1 (1)
MESS=3
WRITF(6+76)
NXEVWNT=10
GO TO 999
CONTINUE
RETURN
END

970
980

GO TO 270

ICODF « LADD o MESS

ICODF « LADD sMF'SS

H6T



195

SUBROUT INE INCOMD (FLNMMESS) .
T INTEGER COLASREGNUIRRSHIDIG] TeiROXeALIAZ ASYAG Bl B2 eH3e 38
INTEGER SC100) stEXT L100) ¢ IN<(100)y sFILE (100 tRNIAS Y sFLNm
INTEGER NDCOJOG)I e L1006« D210V D301+ D20 T00U) v IRNTAS) s3USY (1 00)
INTEGER C1(100)¢CPl1C0sCa0IU0oCal 1001 (100)E2(100)sRING(100)
INTEGER REG] (100) «RECP(100)+FNI4S) « [FNLAS) .
COMMON LENGTHSCOLAYPROX s MAKaNEXT o L TN + SeRMe TR eND s RING s X0 [FN
COMMON D1 ¢02+D3eDasC1sE2eCIaCZeCHaTaTULY «NAEVNTF ILEZREGIREG2¢FM
.76 FORMAT{/46H : MESSAGE SENT vldatbela
625 -FORMAT (/20H INCOMING CALL+EXNU=ze2l1e0H CDb=eal1+12H INVALID CDS)
626 FORMAT (/29H INCOMDD MESSAGL «F [LL NUMHER=e 12+ 108 NOT FOUND)
C © BCAN FILE
LU 621 K=lsMAX
IF(FILE(K) o FQeFLNM) GO T 627
621 CONTINUCE

WRITE(6+6261 FLNM .
CALL ERROR
(o FIND CRDINAL OF DIGIT

622 CONY INUE
NDIK) = NDIK) + |
NN = ND(K)
G TO (60]¢60246072,604) NN
601 DI1(KI=MESS -
- GO TO 69 .
602 D2IK)I=MESS
GO .TO 690
603 D3(K)=MESS
. GO TO 690
690 CONTINUE
TNXEVNT = 12
: GO 10 699 ) .
C FOURTH DIGIT«DIALLING HAS HFEN COMPLETEDTEST [F VALID NUMBER
604 Da(K)ISMESS -
JB = DL(K) + 1
GO TO(GI1+611¢0134613+6153¢6134618461006140616) ¢ Ji3
C OPERATOR REQUESTED :
611 CONTINUE
CALL OPERATIK)
NXEVNT = 9
GO TO 699
C 0 VALID CDS.TOS TEST TO HE INTRODUCED HERC«CUNN RC TU €CDS
613 CONTINUE
1ID1=D1(K) ‘
CALL RENUCIDI «LLENOWLL)
IFILLENOL.EQe1) GO TG 680
REG2(K) =LL.
IRN(LLY =1
RN(LL) =K
. 1CODRE=9
P o MESS=REG2(K)
- 1ADD=1000*D1 (K)+1CU¥D2(KI+1 0103 (K)+Da(x)
WRITE(6«¢T76) 1CCDETANDR SMEST,
. NXEVYNT=4
GO TO 699
C NC REG FOR CDS AVAILARLE «CGS GETS BT
680 CONTINUE )
- ICODE =6
1ADD=FLNM
MESS=2

CALL DELETE (K)
NXEVNT = 9
GO TO 699

& INVALID CDS

614 CONTINUE
VRITE(OH1625) E1(K)eF2 () aDIIKI DALY DK ) e alK)
CALL INVALT (K)
NXEVNT = 9
G0 TO 606

699 . CONTINUF

. RETURN

‘ END




1070

1esa”

1080

1099

196

SUNROUT INE DELLTE (IN)

INTEGER COLASREGNGsRRISHDIGITARROXAAT1AZ c AT AA ] A2 R4
INTEGER SUI0U)sNFXTOI0G)Y sL TR (100 oF TLTEIG0) oF200A5 ) s FLMI

INTEGER ND(1u0)~D1(100).Dp(vﬁu)-nﬁ(1ou)onn(|GGJ'IDN(AH)cnUSY(100)
INTEGEIR Cl1OIULUG)I Al I0UICIL 1 IU)eCal1OG)er 11U E20ITOYRING(100)
INTEGER REGIUI00) «REGCIOIUDI) oFNCAN Y s TR AL: Y

CCAMON LENGTHeCUILA o FROX e AX 0t )i AT oL INK ¢ Sotetde Tietio D o[BG e X o IFH
COMMON DI D2 el33NEv L 101 20T 129G C LaCasulLY o MAL VHT oF (L o KEG1 ¢ REG2FN
FORMATU/ /723K CAILL LOCATE ) id! IRDEIX: o139 17H HAL BLUN DELITED)
FORMAT L/ /24H DURIHG DULLTE LCCATION=s T 391 1H «3D3T FOUND)
FIND INDEX OF PREVIOUS 1LUCATICHN

K = CcoLa .

DO 1080 I=1.LENGTH

LAST = XK

K = LINK(K)
[F(KeFDeINY GO T3 1081
LOCATION NOT FOUND

YRITE(641084) IN

‘CALL ERROR

GO TOo 1LAU
LOCATICN FOUNJ

CONTINUE

MODIFY LINK OF PRFVIOUS LOCATIOH ’ ) .
LINK(LAST)Y = LIN<(IN)

MODIFY LINK UF DFLETYD LOCATIGK

LINK(IN) = PRCX
SBET MFW PROX«LENGTH AND COLA
PROX = IN

LENGTH = LIOCNGTH — 1
COLA = LAST
CLEAR LOCATICM "AND REG

CONTINUE

N1 =REGI (IN)

TF(N1aEQsC) GU-T | LQ7 ) v

[/N(NY)Y=U . . .
IRNINT =

1097 N2=REG2L IN)

1IF(N2EQa0) GO TO 1698
RNtN2)Y =D . - )
IR (NP =D v

1008 J1=FILECIN)

96 CONTINJE '

1090

IFTJ1«EGs®) GO TH 1ua6
FN(JL) =0
1FNLJL =0

NEXTCINY = 1GOGOG
SCINY = O -
Cl{INY =0
C2{IN) =U
C3cINY =0
caciyy =0

DTN =0 ) .
DRCINY =0
D3CINY =0 -

D4CINY =0
E1CInNy =0
EZ(IN) =0
NDCIN) =0
BUSYEIN) =0

RING(IN) =0
REGI(IN)=0
REGZ2(IN)=0 -
FILECIN) =0
WRITE(6«1070) 1IN
CONTINUE

RE TURN

END
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SURBROUTINE . DAUNIT(ITAGWMES

INTEGER COLA.QEGNUvu“.sb-nxch.ppox.AI.A?cAﬂ-Au.Jx.HPcn*.Ba

INTEGER SUT00) «NEXT ([ COYsLINK (1IN0 +FILFEL100) sRNIAS) oFLNM

INTEGER NOL1GO)eD1(1QUeD “(100).01(100).0&(1Ub)~lRN(ﬂr)-BUSY(IOO$ C
INTEGER Cl(ido)-c>(100)-C3(1b0)-ca(100)-r1(100\~F2(100)'RING(100)

INTEGER RFGIUICO)sREGNMUICO) sFNIAS) « IFNT4D)

COMMON LFNGTH!COXA!PQOXGMAXqNFXTQLXNKongNQ1HN-NDORING'XOIFN

COMMON D1'D230D30AsE1sERYCLIsCAIC3 04 BUSY eNXLYNT o F ILEsREG]1 «REG2sFN

208

CMESSz 1 (CGS OFH) e 2(C+DTIy 3INOT CONNI+ 4{CGDd RT1e SHCGH B3T)e 6ICGS UT) e

MESSe MICDS RY e 8(COS B)s QNN L) . i
FORMAT (/4GH MESHAGL . SENT vldelbela) 209
FORMAT (/6GH CGSzeallendH 1S OFF HOOKED AND wilTH DIAL TONED . . c
FORMAT L4HREG « [4 s 1AH UNABLE- TO CONNFCT) -
I= BNCITAG) : :
IF(REGI(]114EQe01) GO TO 210 ‘ :
[CODE =8
GO TO(RPU] 2024204204205 20682074208, 0¢1) 0 W55
CONTINUE . 20

€DS 18 OFH .

ME 3B =S
TADD=REGI (1)
WRITELG6+76) 1CODF o TADD ¢ MESS 210

TADD=REGA(T) C
WRITE(6476) ICODE « TADD oL %

CALL DELETEL(D)

NXFVNT =1 o

GO TO 3006 . .

CONTINUE .

THE REG AND THL DIAL TONE HAVF HbEN CONNLCTED )
WRITE(HE.BUIICILI)I«CP I )2l TYsCal ) <
NXEVYNT = 13
GO TO Avu
CONT INUE

REG UNABLE TG CONNFCT
VRITIF {61010 REGNU
CALL., OPERATII) . C
GO YO 2Pnag
CONTINUL

HAS RINGING TONF
RING(IY = 1
NXEYNT=5 . c
GO TO 300 R *
CONT INUE

CGH HAS BUSY TONE
BUSY(1) = | .

CONT INUE : - C

CGS HAS UNOBITATMARBLE TOME
TADD=RFGI (1)
MEGS5=5
WRITE (6 TH)
REGI(1)=C
RNOITADD)Y=O
(RN{TADDY=O
NXEVNT=13
GO TQ 30U
CUNT I MNuUL
COS 19 RINGING«COMN RINGING
Mt 5= .
NXEVNT =8 ‘ 4

212

213

302
214

[CCDF s TAND e MR

299
301

TulNE T CohY

300

" 1CODE

GO TO 30t

CONTINUVE

CDS 1S BUSYWCONN RT T €GS -
TADD=REG2( 1)
MESS=5
WRITE(6+76)
MESS=3
NXEVNT= 10
GO TO 29
CONT INUE
CDS IS UNOBTAINAPMLF ¢ CANCFL CALLCONN UT To 6
1ADD=REG2( 1)
MESS=5
WRITE(6+76)
MESS=4
NXEVNT= 11
REG2(11=0
RN( [ADDY =0
IRN( 1ADDI1=0
GO TO 30}
CONTINUE
ANSWER 5TATUS OF DS TOU AN
IF(MESS:EQel) GO TO 234
NES3=MESS=6 -

=6

IADD=F ILE( 1)

GO TO c?11.21?.?11).mr VS
CONTINUE

CD5S RINGING TO
RING(T)Y=1
MESS=1
NXEVNT=5

G TO 302
CONTINUE

BT TO EXNU . -
BUSY(1Y=1

MESS=2

GO TO 302

CONTINUE

UT TO EXNU

MESS=3

GO TO 3wz .

WRITE(6+76) ICODF« 1ADD sMESS

CONT [NUE .

CDS 1S GFH TO AN [NCOMING CALL

1CoDE=8

[ADD=REG2( 1)

MESS=5 ’ )

WRITE(6476) [COUF » [ ADD ¢MESS

CALL RFLETE(D)

NXEVNT+ |

GO TO 300
NXEVNT =9

GO TO 2300
ADD=REGI (1)
WRITE(6476)-
GO To 300 .
CONTINUE .

ICODE » 1ADD ¢ MESS

ICODF + I APD «MFHS

[MCOMING TRUMK CALL

AN INCOMING TQ\.JNK CALL s CONN RT TO EXNU

46T

ICODF « 1AND sMF S5

_RUTURN



“ , SURIOUT INE INCOMIFLNMeLEL oLL2)
?:iggg;IEZL:?g:ESU~L;5:2:0?:?;-PR0X-A1oAchJQAaoHl.BZ;H?QBQ C INTEGER COLASREGNUIRRISSIDIGITIPROX AT AZ sAdeAG L ob 20113080
INTEGER S({1001sNEXT( 100 sLINK(100) sFITLE( 100) sRN{45) s FLNM INTEGER S{100) «NEXT(100) OLIN}T‘.‘ 100) «fF “TGI 10()) sRN(4S) of-l__NN‘
INTEGER ND{100)+D14 1003302 100)ep3L 1007 =D& 1001« IRNI4S) vBUSY (100) ’ INTEGER NDU1U0) an1(10014D20100) ¢D3E100) +D4l1V0) ¢ IRNEAS) 2PUSYL
INTEGER CI(100)+C2E100)+CAL1GUI+CAL100)sET(TOU) 1E2(100) sRING( 100) INTEGER C1(100)+C20100)4CR0100)+CAL100) ¢ [1(10CIE2(100) +RINGI
INTEGER REG] (100 sREGP L 100) sFNEany s [FNC4n) ' INTEGER REGLI100) «REGPE100) sFNIARY v IFNTAR)

COMMGH LENGTHICOLAVPROKs MAX aMFRT e L INK e 5 o RN« THNAND s ING s X o 1FN COMMON LENGTHsCOLAYPROX s MAXNEXTaLINE a5 s kNG LN eNOIRING o X0 LFN
COMMON 01'0?001'Dncr]vL?0F1-C”-Cs.CAoHU,V-NXtVNT-PILF-QFGlanthFN COMMOM D1 D2eDIAR4VE]sF20C o021 CA0CAVFEULY TNALYNT o7 ILF ¢ RFGL »RE
76 FORMAT (/46K SSAGE SFNT slael6e1ay 76 FORMAT(/4a6H MESHAGE SENT slae]
C MEGS = RINGINGeWESS=2 NUSKY v H523 UN‘).HYA[N/\N[I 2SS4 GRAMTEDSNMESE=3 NOT Gf [ JTEST IF VALID EXNU -~
I= FN{FLNM) : IE = LE2 + 1
GO TOCH01 +5020500 U +-0% ) ¢ F 55y GO To (lUl! TUlelu3e1030 lUJo [EVEERISANS AR DICER DL AR I

< CDS 18 RINGING . . c IGNORE MESSASGE
501 CONTINUE - 1U1  CONTINUE
MESS=2" ) ! ] : NXEVNT =6 o )
NXEVNT =4 . GO TO 199
GO TO 590 : ' ‘ : c EXNU IS VALID
¢ CDs 1S HUSY S . . © 103 - CONTINUE T
502 CONTINUE . ’ c ALLOCATE STORE FOR FEXNU '
MERS=3 . - ’ . . CALL ALLOC(O4040e0e0 G0l EP)
MXEVNT =10 ’ . FILE(COLA) = FLNM
GO TO 500 ) ' ) o 1C0DE=6
.G COS UNORTAIMANLE 1 ADD=FLNM
503 COUN I INUE . .. - . : MESS=4
MESS=4 : WRITE(6+76) ICODEs [ADD «MESS
NXEVNT =11 . . ) A ) NXEVNT=12 ] "
) GO TO 4490 GO TO 199 . i
C LOCATION [N EXNU CRANTEOSSEND DIGITS fu o ANy ’ 199 CONTINUE o :
504 CONTINUE - ) RETURN
IcovE=12 . END

1 ADN=F LM
WRITE(GT76) ICODE«TANDDITLT])
WRITE(GeTH) TCORE G TABD DA ])
WRITE(6476) 1CONRE ¢ TAN oI 1)
WRITFLGs7E) ICORY « TADD A ]
MXEVNT =14
GO TO w9Q9 .
c LOCATION [N FXNU NOT GRANTED : .
UL GONT INGE ' '
MESLS =13
MXEVNT =10
550 CONTINUK
tcont = 8
TALD=REGY (1)
YRITE (6076 ICD)F-IAHDoMFJS
S0 CHONT IMUF
12 TURN
FING .

96T
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SUBROUTINF ONH(AI.AZ-AJ.AQ'

INTEGER COLA'REGNU'RROBS-D!GITnpROXtAl-AZ'A1-A4-51082083084
(NTEGER S5(100) eNEXTCICO) sLINK(IOO)+FILFE(J00) ¢RN(IGS) sFLNM -

INTEGER ND(IOO)nDl(100)!0?(1001'03(100)-04(XOO)UIRN(4S)~BUSY(ID“)

INTEGER C1(100)+C2{100)¢C3LI0U+Cal]00)sE£10100)E2(100) sRING(100)
INTEGER REG1(100) «REG2 (1001 sFNI45) 1 1FNI45)

COMMON . LENGTH+COLA+PROX s MAXSNEXTALINK+SsRNs IRN¢ND+RINGs Xs IFN .
COMMON Dl-DZODB-DavFl‘F?'CI-CZvCBvCa-HusvvNXFVNT'FILFcREGI-nEGZ'Fl COMMON DI1tD2+DIsDesD1sE2 01 90P1C3vCavPULY sNKF YNToF ILF ¢ REGL 1 REGZFN
FORMAT(//17H INVALID ONHeCGS=+411)

FORMAT{(//15H ONHsVALID CG

=s4ll)

FORMAT(//SH CGS=+411418H FOR ONH NOT FOUND)
FORMAT(//22H CGS FOUNDCALL DELETE)
TEST IF CGS 1S A VALID NUMRER .

1A = Al +1

GO TO(B14¢B1448134813+1813¢813¢8814s814¢814¢814) 014

INVALID CGS IGNORE MESSAGE
-CONTINUE

WRITE (6+840) Al+A2+A3+¢A4
GO TC 899 '
VALID C6GS ONH

CONT INUE

WRITE(G4841) A1sAP A3 A4
DO 890 1=].MAX
IF(A14EGQeCl (1)) GO TO 801
CONTINUFE

CONT INUE

WRITE(6+842) AlvA2¢A3s A4
CALL ERROR

CONTINUE

IF(A24EQeC2(13) GO TO 802
GO TO 880 ’

CONTINUE

JF(A3.E£QsC2(1)) GO TO 803
GO TO 880

CONTINUE

IF(AQ.EG.CAKIJ) GO TO 804
GO TO 880

CONTINUE

WRITE(6+843)

CALL DELETE(I1)

NXEVNT=1 ’

CONTINUE

RETURN

END

SURRCUTINE IMVALT (1) ' .
INTEGER COLA-ufGNu-nQ-SJ-DXGIr~PRox-A\-Ax-A~~A0-u1~u,-ﬁ B4

INTEGER S10U) sNEXTCIGOI s INK (100 vFILE(107) sRMNEAD] eFLNM
INTEGER NC(1UO)«DI(100)en? 21U DTG0+ Dal 10U s TRNEAS) FRUSY(100)
INTEGER Cl(luu:.cp(xoux‘r1(1uu).ca(1uo).rx(1uo).re(100)-QINC(xOO)
INTEGER REGL (100} sREGR(I0C) sFMNLaL ) « IFM45)

COMMON LENGTHICOLA S PROX s PAXNERT o IM< o SefiNe [RNeND s RINGI X IFN

662 FORMAT(GH CGH=+411+21H INVALID CALL ChHz=e21 el 30311

WRITF(61660)CT (11CP 01 1ecnT1eCal s eIy a1 oD CIIeD21)en3 0T
S04 1) )
CAlLL DELETECD) S
RETURN
END
i~
s
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