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INTRODUCTION

It 1s now becomine widely recognised that an efficient
and modern Telecomms infrastructure is a vital nrereauisite for
economic development and participation in many modern economic
activities. Researchers in the area of Communications, and more
recently Development Economics, have demonstrated the need for
society at any level of economic development to have a correspond-
ingly well-developed communications infrastructure.I Furthermore
it 1s now almost common policy practise among OFCD Governments to
give large investment and technological support to their National
Telecomms equipment supply industrvy - not only as a means of
augmenting the industria® and technological2 canacity of the
economy as a whole, but also as a strategic means of establishine
a base in the highly comnetitive international Information Technol-
ogyv markets. Indeed, the str.tegic role of the Telecomms industrv
as the ''cutting edge' of microelectronic-based Information Technol-
ocy is by now a well recognised fact by policy makers in the
Developed Market Economies.3

As far as the Developing Countries (DC's) are concerned
the rapid diffusion of microelectronic digital tectnologsy through-
out the Telecomms industry over the '70s has far reaching implicat-
ions. On one hand the impact of digital techrology has radically
changed the international market structure in Telecomms, and also
the prospects for DC's to acquire the products and technulogies
which form the bhasis of Telecomms infrastructure. On the other
hand mnicroelectronic innovation has also dramatically altered the
nature and the functioning of the equipment itself. Digital
semiconductor technolopy has greatly exmanded the range of systems
available and also introduced far greater capacity and flexihility
than previously possible with mechanical and electromechanical

technologies.

e e e i

1) For a Communications literature survey see Hudson et al (I987),
For a narrowly economic discussion refer to Leff (I980).

2) Bell and Hoffman (I981) explain the important distinction
between industrial and technological capacity, and the considerable
economic benefits to be gained from local technological capability,.

3) OECD (1981) arAd (19812) demonstrate the pervasion and import-
ance nf Information Technology to the world economy.




It therefore comes as no surnrise that no less than 60
DC', have established Government departments to deal with
immediate and loneer-term policy issues] such as: a) how to assess
and acquire zan appropriate level of industrial and technological
canacitv; b) how to go abouvt nlanning and expanding an efficient
Telecomms network suited to current domestic needs and future
demands of information technology:. <¢) how to ensure that the
major MNC supnliers comply with the wider developme:t chjectives
of the economy.

One of the major problems DC's face in assessing these
policy questions is the newness of microelectronic technology,
and the consequent lack of empirical examples to contribute to
decision making and help avoid costly mistakes. With this in
mind the case of Brazil is unique among the DC 's. Since the mid
*70s BRrazil has invested heavily in establisning a modern micro-
electronic based Telecomms infrastructure. Furthermore the
Brazilian Government decided to eliminate as far as possible,
reliance on foreign technology sources in crder to
develop its own local industrial and technological base from
scratch. Brazil's performance in achieving these two objectives
clearly provides an excellent case for study.

The aim of this paper is therefore to assess Bratzil's
progress in establishing an efficient Telecomms infrastructure,
together with a strong local industrial and technological bhase
in digital technology. Hopefully this will not only contritute
to current policy decisions in Rratil but also provide evidence
which other NDC's will find useful in their own Telecomms planning.

Given the low level of eccnomic research in this area
Part 2 attempts to establish at the outset Brazil 's overall
progress, both in terms of infrastructural growth and industrial
and technological develonments. From the aggregated evidence it
is clear that Brazil 's achievements have indeed heen remarkable,
and that Brazil currently leads the Third World in developing
Telecomms technolcegy. '

In an effort to understand exactly how Brazil forrulated

1) Snero (1982)




and imnlemented its Telecomms strategy Part O examines: a) the
successive steps taken by the Government in terms of finance,
administration and legislation - especially in relation to
regulating the activities of the MNC's operating within 3raeil's
national boundaries; b) some of the main achievements in digital
Telecomms systems produced by the Government R&D centre at
Campinas. It is hoped that this substantive evidence of Brazil s
accumulation of microelectionic technology will prove useful to
other major industriaiising countries wishing to follow a similar
path. -
Finally Part 4 focusses on current difficulties facing
the industry, in particular, the impact of the current economic
crisis on infrastructural and technological progress. Again an
attempt is made to illustrate issues of general interest to other
DC s including: problems in rural Telecomms, the importance of
small scale local industry, and Brazil's success to date in
adapting digital technology to suit local conditions. Tolicy
proposals and important areas of further research are detailed
at the end of the relevant sub-sections of Parts 3 and 4. A

glossary is also provided to expnlain necessary technical terms.
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PART 1 THE INTERNATIONAL CONTEXT OF MICROELECTRONIC CHANGE

Re fore analysing the Brazilian case it is first necessary
to briefly outline how digital technology has affected the
Telecomms industry, and the implications for DC's. It is usual
to analyse the Telecomms market in terms of two sectors. First
the carrier network or service sector which represents the basic
communications infrastructure of the country; services are
normally provided by operating companies either owned, or
strictly regulated by the state. Second, the equipment supply
sector - internationally this industry is dominated by 12 major
corporations who account for around 80% of equipment, needed to
provide all instantaneous, two-way communications - mainly
telephone, telex and telegraph.I

It is also helpful to analyse the equipment supply sector
in terms of three distinct subsectors: 1) exchange or switching
systems which account for roughly 3I% of world sales; 2) trans-
mission equipment, appx. 30% of world sales, and 3) perinheral
equipment which accounts for the halance.2 Technoloeically,
exchange equipment represents the "heart'” of a Telecomms system
performing the central function of connecting and switching
electronic signals within and between networks. Transmission
systems are used to carry the signals from one geographical location
to another. Traditional coaxial cahle transmission links are
gradualily being replaced by more efficient digital satellite and
fibre optic systems. The remaininz peripheral subsector is assuming
increasing importance with the recent spate of microelectronic
innovations, and includes all the equipment needed to support the
overall system such as telephone handsets and input/output devices
including modem and codec equipment: recent digital innovations
include such nroducts as portahle telenhones, ‘video display
units and mobile digital radio.

The rapid diffusion of microelectronic technology during
the '70s has transformed what was once a stable oligopolistic
market, into a highly competitive, ranidly changing and uncertain

one. The merger of computer and Telecomms technology made possible

1) OFCD (1983)
7)  ibid




by the digital integrated circuit has allowed market entry to
new competitors from the computer, office equinment and aero-
space industries. This intense competition in what was previously
a well-defined market is gradually breaking down the rarriers to
entry esnecially in the areas of peripheral and transmission
equipment. While the traditicnal sunpliers still dominate the
major exchange equipment markets digital technoloeical change
has led to intense rivalry and c-mnetition. Huge R{EN  investments
in developing large scale nuhlic cxchanges by the MNC's, often
financially backed by domestic Governments, has heen the nrincinal
means of competition.I
There are four important reasons why these changes brought
about by digital technolosy may in fact prove heneficial to DNC's.
First, many of the MNC manufacturers justify their R{D investments
on relatively small uncommitted export markets, mainly in Third
Worldpsgg:;gées.z In order to gain new markets the MNC's are
often/to sell systems at lower prices than naved by the Telecomms
administrations in the advanced countries. In addition assistance
in terms of chean loans and "aid for trade' arraneements are
becoming a common means of market entry. Furthermore, the purchase,
installation and operating costs of all three categories of
digital equipment are far lower than in comparable electromechanical
systems. For example, installine T million telephone lines today
costs three to five times less than the now-advanced economies
payed 30-40 years ap_o.3
A second possible benefit for DNC's currently expanding
their basic Teiecomms infrastructure is the potential advantage
of "leap-frogging" older, more expensive electromechanical
technologies and installing what are now well estahlished, and
more flexible microelectronic networks. A third notential
advantage also concerned with the oroduct tecnnology is the
substantially greater capacityv and efficiency of digital over

previous technologies. Fssentially the introduction of Stored

1) ™Muller (1982) describes the large MNC investments in public
digital exchanges. See floffman (1981) for general discussion
of Government support for technology based competition in the OFCD.

2) Section 3.3.3 below provides more details.

3) The term “line" includes all the recessary telephone equipment
needed to install one telephone line. Information from Jequier
(1977) p217.




Proeram Controlled (SPCY technoloev has dramntically reduced
the cost of maninulatine and transmittine infcrmation from one
location to another.I

A fourth possible henefit to DC's coucerns the "modular"
desipgn of disital technology in Telecomms. 1In contrast to
older technologies microelectronic systems are designed to he
modular which means that a network can be built un geradually fron
a rance of bhasic modules.2 At the same time the skills and
technologv needed to develop and produce the technoloev can also
be gradually acquired. 1Unlike pre-micrcelectronic techno]og&,
digital systems reaquire a relatively small rance of hich level
desieon skills counled with a wider range of low level skills -
especially in the acssembly, installation and maig&ennnce stages.
This skill confiesuration may well be more suited/the existing
endovnents in especially the larger NC's. 1In comnarison with
digital exchanges the older Strowger and Crossbar systems
recquired a thoroughaoing technological capacity all the way through
from de2sien to maintenance.

lHowever in order to realise these potential advantages
an adequate level of local knowhow and skill 1is meeded not only
to efficiently onerate and maintain the network, but also to
actually choose and bareain for the nost annronriate system. In
terms of local manufacture of digiital Telecomms a suhstantial
level of lucal knowhow is required to aquire and adart the technol-
ogy to suit local circumstances. Again, the prospects for larger
DC's attempting to gain local technological capacity from foreign
sources appears favourabhle. In fact, where sales of equipment
are linked to sales of technology and manufacturing capacity in
the recip’ent country, the competition for orders between the
MNC's is even more intense than with straight nroduct sales.3

Potentially therefore there are considerable bhenefits
to be pained from the shift to microelectronic technology. Again
the case of Prazil is esnecially interesting given its large
internal market and its primary objectives of reducing dependence
on foreign technology, developing local capahilites, and providing

digital products and technologies to suit local conditions.

1) *uller (1982) provides a detailed analysis of the greater
canacity and reliahility of digital Telecomms equinment.

2) See POE!! (1979) for technical details.

3) This point is confirmed by the competition for the recent
Chinese and Indian contracts. See section 3.3.3 below for details.




PART 2 AGGREGATE INDICATORS OF RRAZILIAN PRNGRESS IN
TELECOMMS PNST '74.

2.1 Position before '74

Reforethe major policy initiative which began in 1974
Brazil's Telecomms infrastructure was largely unnlanned, inefficient
and fragmented. In the mid '60s total *elephlone coveraeses amounted
to less than 1.3 million serving a nopnlation of around 74m; up
to 1970 telephone coverage remained extremely low with an Average
of less than 2 telephones per 100 population.I Similarly national
Telex coverage was very poor with appx. 1000 terminals to support
the vhole of Brazil's industrial and domestic needs.

Intil the late '60s one maior foreign owned corpor:tion
CTR2 was resnonsible for appx. 68% of installed telephones, with
a staggering 300 or so other small companies sunplying the balance
of Rrazil's telephone services. As a conseguence tarjffs varied
widely across regions and most of the onerating firms lacked
any significant financial, managerial or technological resonurces.

With very little long-term investment takine place the
transmission network was also wholly inadequate to meet the derands
of a ranidly growing economy. ‘'odern microwave links only
extended to 4 of the major cities, Rio de .Janeiro, Sao Paulo,

Belo llorizonte and Brasilia. "here other cities and towns were
integrated at all into the national network they were forced to
rely on inefficient and lowv capacity systems. It is hardly
surprising that the Telecomms network overall was frequently
subject to system conjestions and breakdowns.

The poor state of Telecomms services was comnouned by an
ecquinment sunply sector heavily dependent on imnorts of equipment
and technologv. Four major MNC's, Fricsson do Brasil (EDF),
Standard Flectric (SESA) a suabsidiary of ITT, Siemens, and Nipnon
Electric (NEC) almost totally owned and controlled the domestic
sunpply industry. Up to the early '70s these MNC subsidiaries
had developed very little in the way of exchange and transmission
technology and played only a passive role in technology transfer
from the parent companies.

1) The following information is from SSI (1932)
2) A Canadian comnany, Companhia Telefonica Mrasileira.




Furthernore before '74 Prazil as vet had no sienificant
Covernment involvement in RED in communicaticns technoloecy. Fxcept
for poorly finarced and disorganised research activities, mainly
in the various universities, the country was devoid of any local
scientific and technological capmacity. In short, Brazil entered
the '70s with a wholly inadequate Telecomms infrastructure,
virtually no local Brazilian industry. no R&D capacity and no

significant technological base.

2.2 Indicators of Service Sector and Infrastructural Achievements

Following the change of Government in 1974 the poor overall
state of the Telecomms sector improved dramatically. The new
Geisel Government, sensitive to criticisms of dependence on foreign
capital and technology, adopted a strongly interventionist approach
to Telecomms based on a well defined industrial and technological
strategy. Throupgh the Ministry of Communicatons (MINIVOM) the
covernment committed itself to three main obijectives in Telecomms:
1) to accelerate the expansion of a dependahle, efficient and
comprehensive Telecomms infrastructure: 2) to gain ownership and
control of the MNC suhsidiaries operating within the country, and
3) to buiid a Government RED centre in Telecomms capahle of provid-
ing an in.iependent base in the latest digital technology, thereby
reducing dependence on foreign technology sources.

Table 1 overleaf presents the historical growth of Telecomms
coverapge from I948. After the relatively stagnatory levels of
coverage up until 1974 Rrazil experienced a remarkable excellerat-
ion in telephone coverage from only 2.°%m in 7974 to 9.3m today.

This raiscd the number of telephones ner 100 nonulation from

only 2.7 in 1974 to 7.8 in 1983, BRrazil s telenhone density
currently comnares well with most other NC's, and is well above

the averane for Latin America, Africa and Asin., Ry the end of the
'R0s Rrazil intends to increase the nresent level to around 20m.2

Telex coverage witnessed a similerly ranid expansion.
3v the end of 1980 Brazil had installed a fully automatic puhlic

J) Average NC density is barely 1 telenhone ner 100 ponulation
Pelton (I981) p208., For detailed international comnarisons see
SST (1982) n39.

2) Pelton (I081) p222,




Table T Number and Densitv of Telenhones in Brazil - Selected
Years 1948 to I983.

Year Number of Telephones Number of Telenhones
(Thousands) per 100 nopulation
1948 424 1.30
1964 1282 1.58
1968 1660 1.88
1970 1980 2.15
1972 2380 2.42
1974 2917 2.70
1976 4036 3.50
1978 §552 4.90
1980 7535 6.20
1981 8085 6.80
1983 9300 7.80

Sources: Comniled from Maculan (I981) ppl93-194, SSI (1982) nl9?7
Mattos (I983) p6, and Telebrasil (I981)Nov-Dec, pé.

telex network serving 535 main localities with 53 domestic
exchanges.I The number of telex terminals increased from the low
level of around 1000 in the late '60s to over 43,000 in I982.

This extremely ramid growth in telephone and telgg> 229%ie-
ated a large increase in the volume of Telecomms traffic both
nationally and internationally. The volume of international
telephone calls rose from 4m in 1969 to over 340m in 1980, with
an average growth of over 20% per annum over the 1975 to 1980
period. Today Brzzil is connected with direct dialing facilities
to 56 other nations. The expansion of overall Telecommunications
facilities both paralelleda7dsupported Brazil's economic growth
in recent years .and substantiallv improved the communicaticas
capacity of the country,

Ir. order to support this expansion of Telecomms services
it was necessary for Rrazil to invest heavily in the netwvork.

Table 2 shows the magnitude of total investments by TELERRAS
(the overall Telecomms operating company) over the 1976-1983
period. Although these figures are extremely sensitive to exchange

1) The follcwing details are from SSI(I982).




In

Table 2 Investments by the TELERRAS Svstem, 1076-1083
(Millions of Dollars)

Year Value
1976 1790
1977 1540
1978 1340
1979 1280
1980 890
1981 950
1982 1090
1983 1210

Sources: 1976-1981 SSI (1982)n52 (Exchange rate of DNecember
1981, $1=Crl27.8)
1982-1983 Calculated from Telehrasil (I1983) Jan/ Feb.p5¢
(Fxchange rate of ¢1=Cr242 as per Ministry of Communic-

ations).

rate conversions (the official cruzeiro/dollar exchange rate
rose from 130 in Jan.'82 to 979 in Dec.'8%3 over which period

the cruzeiro was devalued 93 times) thev do indicate the large
dimensions of total investments, amounting to around $I0 billion
over the 8 vear period.

However, it would be wrong to sunnose that these invest-
ments represented a great resource drain to the country. On the
contrary, operating data from TELERRAS clearly show that
Brazilian Telecomms services are largely self-financine, highly

profitable, and a constant contributor to Government resource

raising. A brief review of some of the main economic parameters
of TELERRAS helps to illustrate the contribution of Telecomms
to the economy. |

Since TELEBRAS was estahblished in 1972 it has grown to
become the IBth largest cornoration in Brazil in terms of sales,
and now ranks as the second largest nrofit maker (in absolute
terms) in the country.I Nver the '70s TELFEBRAS has largely
financed its own expansion through operating revenues, mainly
from the more profitable international and interurban services.?
Indeed since 1977 TELFRRAS has been almost completely self-suffic-

ient with autofinancing never falling helow 94%. This is, 1in

1) Visao (I983) period

2) Full details for the/1973~1981 are given by Kevista Telehrar
(I981) Sentember,p77%




itself, an unusual achievement amonge Telecomms operatinge
companies internationally who normally expect to raise approx-
imately an equivalent of one third of annual turnover in the
form of fresh capital, to keep nace with an average amual growth
of 10%. (In fact Brazil's Telecomms growth was way ahove this
rate averaging around I8% p.a. over the 1977-198I period).I
Today operational costs currently run at only 48% of gross oper-
ational receints, with a further 39% of receipts covering
interest payments and amortization on loans.2 )

In addition to financing its own expansion, since 1974
TELEBRAS has been used as a constant source of Government
revenue for other activities. Central Government has consistently
diverted resources from the MNational Telecomms Fund (set up to
finance Telecomms investments; to other Government pnrojects.

In 1983 of the Cr225h (ampx. $370m) received by the fund from
operating revenues 77% was diverted to activities outside the
Telecomms sector. In 1984 only I10% of the estimated Fund receipts
of CrS520b (apnx. $460m) is forecast to be used for Telecomms
purposes.3 In spite of this large resource crain TELEBRAS has
maintained an impressive rate of Telecomms expansion almost

wholly from operational receipts.

Furthermore the hieh levels of growth, investment and
profit under TELEBRAS have not been at the expense of the
consumer in terms of high prices. Since 1974 increases in
Telecomms tariffs have remained consistently and substantially
below the average rate of inflation. In 1983 local tariffs were
25 times higher than they had been in I973, with inter-
urban 35 times, while the general price index cver the same
period increased 89 times. In the context of these extremely
hich rates of inflation relative price increases hecome very
imnportant. In comnarison with all the major public services
and products over the 1973-1983 period Telecomms charres

exnerienced the lowest rates of inflation vith for examnle,

1) 10% is the average DC Telecomms growth rate, Pelton (I980)p210
The demand for external capital is due to the extremely
“heavy" nature of Telecomms services where the ratio of
fixed canital requirements to sross annual income is usually
about 3/I - anpv. 9 times crecater than normal manufacturing
canital/output ratios which averape around I/3.Chapius (1975)p6I5

2) Information from TelehraSi] (1983) NO\_'/neC. T‘Ao

3) Fxchange rates for 1983, average of Cr606 = S7; for 1984
current rate of CrlI28 = ¢, ‘

‘




coffee and hread nrices risine I40 times, water rates increasing 46
times, electricity 120 times, gasoline TI8 times and minimum
wages 87t5mes.I

Alongside high profitahilitv and relativelv low price
inflation TELERRAS has also been a constant source of emplov-
ment throughcut the recessionary period beginning in 1974.
Over the period 1974 to 1976 the number of TELERRAS emnloyees
increased from 78,000 to over 84,000 and todav employment
stands at around 97,000.2 )

In short the large investments in Telecomms since the
mid '70s have more than realised their return. Today TELERRAS
occunies an almost unique position among state enterprises in
Brazil with low debt, falline imports, no contributicn to
inflation, and risirg levels of emplovment.

Returning to actual infrastructural improvements, much
of the iInvestment described in Table 2 above .55 directed to
expanding and modernising the basic Telecomms transmission
network. The updating of the technologically backward transmiss-
ion systems was vital not only to integrate the country within
one Telecomms network, bhut also to lay the foundations for
Brazil to "digitqlise" the whole Telecomms network and thereby
meet the demands of so-called "information snciety".3

Briefly, the nredominant form of domestic transmission
is microwvave line-of-sight relays which inteprate all the states
and most cities, and are now used to connect Brazil directly
with Argentina and Paraguayv using high capacity linkages.
Where Brazil's environmental conditions do not permit access by
land other modern means of transmission are used. Satellite
transponders currently leased from INTELSAT cover the massive
Central East Amazon region, while tronoscatter svstems cover
the remote North/Morth East repions. In addition satellite and

1) Telehrasil (1983) Nov/Dec n7. The '"sqeeze' this has imposed
on the Telecomms sector as a result of relatively low tariff
inueases and rising innut costs is discussed in Part 4 below.

2) Snurces: Maculan ([981) plI96, VWajnberg (1982) nS, Lu(I978)p75.

3) Based on digital information technology, this sector includes
Telecomms, Telematics and Informatics, and is recognised to bhe
the largest dynamic source of emnlnxment and economic erowth in
the NECD countries. See NECD (I9RI®) especiallv pages 72 and 73.
Also see glossary for exnlanation of these and other technical
terms in this section.




short wave radio svstems now provide a full coastal Telecomms
I

service.
After microwave relavs satellite is the second largest
form of domestic transmission. Brazil is now one of the largest
Third World leasers of INTELSAT satellite transponders. However,
a wholly Brazilian developed satellite is due to be launched
next year to begin replacing the relatively expensive and
inflexible INTELSAT services.2 Local satellite development 1is
also geared towards the planned digitalisation of the entire
Telecomms ne*work. -
Satellite transmission has played an increasingly important
role in integrating Brazilian Telecomms both nationally and
internationally since 1974. Currently, satellites provide local
Telecorms links to Boa Vista, acaro, Manaus, Porto Velho,
Rio Branco and Tangua (near Rio de Janeiro); this coverage is to
be expanded substantially over the next [ive years. Internation-
ally satellite links are centered around two major earth stations
at Tangua which connect Brazil directly with over forty other
countries. The current capacity of around 700 international
circuits is planned to increase to 3500 hy J9u3,
Although the use of satellites has grown considerahly
the principal means of international transmission remain the
coaxial networks, again developed extensively after I974. Over
the last 10 years Brazil has installed 2 major underwater
coaxiol systems. The first, "Bracan 1" was developed jointly
with the International Telenhone Company of Spain and since
1973 has provided 160 telephone voice circuits to Europe. The
second, "RRUS" with 1640 voice circuits bhegan operating in 1980
to provide transmission to the linited States. BRUS was developed
together with a group of corporations led by ATART. A further
high capacity coaxial svstem called ATLANTIS tegan operating
in 1982 to expand Brazil's telephone and telex transmission
links with the continents of Africa and Furope. ATLANTIS has
two major submarine cahle sections, the first with a capacity
of 1380 voice circuits and the second with 2580 circuits.

1) Full details of the technological upgrading of Rraeil's
transmission network are given by SSI (I982).

2) Jornal do Rrasil (9/1/84)




It 1s also imnortant to note the impressive npropress
made in providing an inforpatics transmission hase. Fssentiallv
Prazil's aim 1s to keep apace with the increasing econonmic
demands for rapid transmission, manipulation and storage of
digital data in various forms through the national Tel._.omms
netwvork. Regarding public data cormmunications facilities,
EMRRATEL, the operating company responsible, intraduced a compreh-
ensive data communications service in 1980 called Transdata.

This system employs the most up-to-date Time Division Switching
and Multiplexing technologv and now covers 300 localities with
over 4000 terminal points. The principal aim of Transdata is
to allow firms, institutions and private individuals tc sead
large quantities cf data in digital form at great speed and

low cost from one location to another.

A further public data communications system, SICRAM, is
also provided by EMBRATEL for the automatic storage and
retransmission of data. SICRAM is also open for public use
and data is processed in digital form through the national telex
networkand controlled by a central comnuter in Rio de Janeiro.
Internationally data transmission is now provided by the
INTERDATA service. An additional international system exclusively
for banking use is also curvently heing commissioned and due
to be installed soon.I

Together with the now comprehensive data communications
network Brazil is also developing and introducing various
Telematics systems at the very frontier of information technology.2
A public Videotext system which transmits data in digital form
through the telephone network and displays information on
television screens is currently heing installed in Sao Paulo.

A further project Teletext is also underway; this system transmits
digital information via television signals and again uses the
TV screen to display information to the user.

A public international electronic mail system is already
operating in Rio de Janeiro and Sao Paulo and shortly to be
extended to other major cities. The Ministry of Communications

1) Comprehensive digital systems for Maritime and Air Traffic
control arec also now operating through the Telecomms network
SST1 (1982)

2) Again see SSI (1982) for full technical details.




is presently deciding which national corporations will sunply

the hardware and software for the international electronic

mail service and the planned domestic electronic mail network.

Finally, it was very recently announced that from March this

year each household in the capital city Prasilia will be linked

by telephone to a central computer information centre, to provide

a wide range of public information services. Al]l the software

for the network is heine develonred locally together with some

of the hardware, includine the modems which allow the telephone

direct access to the central cnmnuter.I
In short, since 1974 Rrazil has not only greatly imnroved

and expanded its conventional Telecomms infrastructure hut

also laved the foundations for meeting the increasinely imrortant

demands o€ information technology.

2.3 Indicators of Industrial and Technolonpical Achievements

2.3.1 Private Sector rorress:

thile details of how Frazil planned and executed its
Telecomms strategy are discussed in Part 3 helow it is useful
here to nresent in general terms the progress to date in establish-
ing a viable national equipment supply sector. In terms of
ownership and national intesration of the MNC subsidiaries the
new nolicy introduced by the Ministry of Communications after
1074, achieved thrce major objectives vital to technological
accumulation within the countrvy. First, the majority of voting
capital of the MNC's has now been transferred to Rrazilian
financial grouns. Although in itself ownership transfer is not
a sufficient condition to ensure loncal technological development,
this was a vital step in gaining national contrnl over the
industrial and technological activities of the MNC's.

Second, all the Telecomms equipment purchases were
centralised under TELEBRAS under the new industrial policy. This
new monopsony purchasing nower enabhled TELEFRAS to insist that
the YNC's reduce their imports of components and equipment,
and use locally produced inputs and technology. 1In other words

1) Jornal do "rasil (1984) 23/1/84 nlZ.




the MNC subsidiaries were forced to increase the level of

integration of their activities within the industrial structure
of the country. Table 3 illustrates the degree of success of
this policy over the 1975 to I982 neriod, with imports falling
from $249m in 1975 to around $£80m in 1982,

Table 3 Commercial Bzlance of the Telecomms Equinment

Sunply Sector 1975-1982 (millions of dollars, current

nrices).

1975 1976 1977 1978 1979 1980 1981 1982
Imports 249 161 177 68.8 68.5 78.I* 88.9* 79.7
Exports - 1.5 30.7 24.7 33.4 36.9 38.7 21.6
Commercial 249 I59.5 I46.3 44.1 35.1 41.2 S0.2 S8.1

Ralance {(negative)

Source: YWainbherg (I1983)p22
*Increase due to introduction of SNS-SPC technology.

A modest level of exnorts also helped improve the overall trade
balance of the manufacturing sector from -¢24%m to around -%50m
over the last 3 years. Fvidence from GEICOM (the agency
responsible for regulating Telecomms imports) shows an even
higher degree of success in reducing imnorts of the state
operating companies under TELERRAS, with imnorts falling from
over $100m in 1975-1976 to only $19m in 1987.!

By reducing the import value per unit of outnut the

indices of nationalisation increased from around 80% in J975-1976

to appx. 90% today.2 This means simply that for every dollar
of imports Brazil produces 10 dollars of local output. Although
this is a very crude measure, the Telecomms ratio of I:I0 is
easily the most successful within the electronics sector
nverall in Rrazil, with the consumer goods sector standing at
1:6.6 and the informatics sector at only 1:3., New rules to

reduce imnorts still further were issued by CACEX (the department

of foreipgn trade of the RBank of Mrazil) in 1983, with an
extension of the list of prohihited Telecomms imports. Latest
estimates indicate a reduction nf imports of 22% in I983 in

1) Vajnberg (1982) pé6.
2) Calculated from Wajinbere (I9R2) and (I1983).
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reclation to T982.

The third major achievement of Telecomms nolicy after
1974 is the substantial degree of local technolocical development
by the MNC's within Rrazil's national houndar1es.2 This
occurred a) as a direct consequence of the ruvles regarding
the "Rrazilianisation'" of technololgy imnosed hy TELERPAS
(combined with the competition hetween the MN(C's for new orders),
and b) as an indirect result of the imncrt reductions imnosed
on the MNC's which necessitated a degree of local technological
development to substitute domestic inputs for nreviously imported
ones.

In fact the post '74 policy gave rise to a further
important phkenomenon - the rapid growth and participation of
small scale firms of Rrazilian origin sunplvine eaquipment,
components, and materials for the Telecomms network. Ry 1982
the number of small and medium scale Brazilian firms had
reached 120, supplying anpx. I7% of total eauinment supply needs.
The vital technological role nlaved by these firms is analysed
in Part 4.3, suffice toc mention here that some of the larger
units have alrecady moved un the scale of technological complexity
and are now actively involved in developing digital exchange
technology in conjunction with TELEBRAS.

2.3.2 Government Sector Investments:

Together with directing the activities of the private
sector Brazilian state enterprise has also successfully embarked
upon an ambitious programme of local technological development,
principally under the major new R&D centre in Campinas (CPal).
Since 1976 CPqD has heen engaped in developing digital technology
right the way through from basic design research, to transferring
technolegy to local industry. Through these state RHD activities
Brazil has succeeded in mastering microelectronic technology
in all three areas of exchange, transmission and peripheral
equipment.2

Tahle 4 helow shows TELERRAS's investments in RED over
the period 1977 to 1983; again it is important to note the

1) Telebrasil (1983) March/April p2] presents the response by
the supply industry who hbelieve this to be unfair treatment.

2) Again detailed below Part 3.3
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extreme scnsitivity of exchange rate conversions eswvecially
for 1982 and 1983.

Table 4 Investments in RGD by TELEBRAS, 1977 tc I9R3

(millions of dollars, current prices\a

Year Investments
RED Expenditure Fixed Assetsh

1077 20.1 5.4

1078 22.0 6.7

Ia79 31.3 25.0

1980 32.1 22.1

1981l 30.8 21.4

1982 28.3 n/a

1983 13.7 n/a

Sources: 1977 to 1981 SSI (I982)nS3
1982 Telehrasil (I1982) Nov/Dec p78.
1983 Telebrasil (1983) Nov /Dec n4.

a/ Fxchange rates for 1977 to 1981 as per TELEBRAS, rate of Jan.
1981 Cr65.5 per dollar. Fxchange rates f{or 19282 and 1983
calculated as an average from official Central BRank Statistics,
1982 Cr183.6 per dollar, 1983 Cr606.5 per dollar.

b/ Includes land, construction of buildings and acquisition of
real estate and equipment.

The main point to note is the relatively low levels of R{D
investment in relation to total investments by TELEPRAS
(anpx. 3%), and in relation to gross operating revenues of
TELERRAS.
receints in RN - far lower for example than the major MNC's

TELERRAS policy is to invest around I% of operational

exnect to invest in R&D internationall}'.2 1f we comnare the

RED investments say for 1983 (Cr8.3h) with resources diverted
from the National Telecomms Fund for other nurnoses (CrISﬂb)s-
finances diverted amount to 18 times TELFPRAS's total investment
in RED. 1In other words, estahlishing a local technolorical

1) Calculated as a vearly average from Tables 2 and 4 above.

2) Estimates vary between 5% and I0% dependine on the Corporation
See *uller (1982) for discussion.

3) Telebrasil (1983) Nov/Dec. p3.




"haclthone” in dieit,l1 Telecomms in no way amour.ted to an

insupportable resource hturden for either the Telecomm sector
or the economy as a whole.

Despite these comparatively low levels of investment
TELEBRAS has huilt up a larpe and successful centre for develop-
ing microelectronic technoloey. CPqM now has around @NQ
repular employees, 700 of whom are directly involved in research.
To date CPqD has develoned virtually from scratch a rance of
digital exchange systems designed not only to suit TPrazil's
tropical climate, but also the particular types of telephoﬁe
traffic conditions found in the various regions. CPqD's close
reclations with industry has enabled technology transfer
and joint development with local firms in exchange, transmission
and prerinheral Telecomms technology.I

Also worth noting here is CPaD's develonment of a complete
fibre optic transmission syvstem using the mnst sophisticated
digital multiplexor and laser technology. This technology has
been transferred to lecal industry for production and
field tests are also currently underway in Rio - making Brazil
the first Third World nation to successfully desien, develon
and install an integrated ontical fibre svstem. CPal is also
responsible for the develorment of the indigenous satellite
to be launched next vear which wili play a vital role in
providing Rrazil's remote resions with telephone and TV facilities.

From CPaD's creation in 1976 it has become established
as a successful hiph level RED institution weli integrated into
the industrial and technological structure of the country.
Government estimates show that systews ceveloped by CPaD
already sunnly apnx.IS5% of Brazil's total Telecomms market,
and 50% of all future TELFBRAS orders have heen reserved by law
for CPqD.2

2,3.3 Summary:

There can be little doubt that in the areas of industrial
and technological progress in digital Telecomms Brazil now
leads the Third World, largely as a result of the policies

I) Acain detailed helow Part 3.3
2) SSI (1782),and Rrundenius and Goransson (I1282)n23.




adonted after 1974.I Trazil's Government RED centre has

plaved a central role in coordinating technolorical progress

in Telecomms, and ensurine that a "technology gan'" does not
occur between Brazil and the developed market economies as a
result of the diffusion of microelectronic technology. From a
technolorically backward and wholly inadeauat: Telecomms infra-
structure Brazil has achieved a massive improvement in the
coverage and auality of Telecomms services and provided the
foundations for mecting the demands of modern information
technology. Brazil's shift from a position of acute technolog-
ical dupendency to dynamic technoloeical prosress may well hold
lessons for other larger NC's which hold national autonomy in
Telecomms technology as a high priority. <Yhat follows is
therefore a dctailed assessment of how this nrogress was made

in such a short period of time.

]) For the relative technological backwardness of other major
DC's see for cxample the cases of India (Hobday 1982) and
Mexico (Tiere 1983).




PART 3 THE STRATEGY OF TECHNOLOGICAL ACCIPMILATION

The aim of this section is to 1llustrate exactly ‘'nHw
Brazil established its base in Telecomms technology and
describe in detail some of the major technolosical achievements
to date. Section 3.7 begins by examining the uncomnromising
policy objectives after 1974 and coes on to discuss the
legislative, administrative. and financial stens taken to
ensure these aims were met. Section 3.2 focusses on Brazil's
efforts to direct the industrial activities of the MNC's to
ensure local technological developments began at the level of
the firm. Finally Section 3.3 analyses the means by which
direct Government investment in the R&D centre CPqD, was
used to develop a strong autonomous base in digital Telecomms
technology. From the overall evidence it is clear that
Brazil's shift from a nosition of severe technolorical dependency
to substantial technological accumulation was the result of
the innovative and offensive technolorv strateecy adonted

after 1574.

3.7 Planning Objectives, Legislation, Administration and

Finance.

Two equally important and complementary areas of policy
were defined and legislated for in the post "74 period. The
first concerned the service sector and establishing a modern
and efficient Telecomms infrastructure. The notions of
National Security and the integrated Nation State were fund-
amental not only in the initial high priority given to Telecomms,
but also in the subsequent decision to beein installing the
most sophisticated microelectronic-based technnlogical systems,
Brazil's infrastructural objectives therefore involvel, on the
one hand detailed planning to integrate the various diverse
regions of the country, and on the other a detailed stratepsy
towards implementing the very new and ranidly changing digital
systems.

The second policy obhjective, not only clonsely linked

but fundamental to the first, was to estahlish a strong




autoncmous industrial and technoloecical base in order to

sunnly the necessary eaquipment and comnonents for the infra-
strectural expansion. This objective involved a two part
strategy of: 1) indirect Government intervention to establish
owvnership and control over the activities of the MNC's within
the country to ensure local technological development, and
2) direct Government intervention in bhuildine from scratch
a -:ajor State RED centre to dominate the main areas of digital
Telecomms technology. )
Furthermore a conscious decision was taken in 1976
to begin the "digitalisation” of the Telecomms network. Ry
building a major industrial and infrastructural base 1in digital
technology the advantages of "leapfrogging” the older, less
flexible, and more exrensive electromechanical technologies
could be gained. These early decisions provided the rroundwork
for later policy regarding the Informatics sector and especially
the control of data processiag within Rrazil's national
boundaries.I However, at the time the immediate motivation
was to reduce the high level of denendence on foreign imports
of equipment, components and technology. Policy towards
Telecomms therefore followed the general shift in economic
policy towards greater imnort substitution and local technological
development of key infrastructural and capital poods industries,
adopted by the newv Geisel Government in 1974,

3.1.1 Infrastructural Planning, Administration, and Sources

of Finance:

Although the rapid expansion of the Telecomms netwnrk
bepan after 1974 ,efforts to organise and finance the service
sector had already bepun in the late '60s. linder the new
Ministry of Communications (MINICOM) estahlished in 1967,
CTR, the Canadian owned operating company which provided the
hulk of Telecomms services was nationalised. In order to
nrovide finance for the network, MINICNHM introduced a novel

"self-capitalising' scheme whereby notential telephone customers

I) SSI (19tr2).

2) These princinles are cxpressed in "razil's Second National
Plan and Second Rasic Plan for Scientific and Technolopical
Development for the period 1975 to 1979,
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were obliced to "subscrihbe' to the televnhone comranv in order
to recelive a telephone.I Civen the laree existine demand for
telepiione installations this served the dual pnurnpose of
registerineg current demand for plarnine purroses, and raising
resources for investment.

In 1972 TFLEPRAS was crcated and granted complete
monopoly nower over Telecomms services under the constitution.
TFLEBRAS was also given jurisdiction over FE'RRATEL, the
Brazilian operating company resnonsible for international and
interurhan Telecomms traffic established earlier in 1965,
TELEBRAS immediately becan centralising and reorganising the
fragmented service sector hy setting up one operating company
for each State. By 1973 twenty five regional comanies were
established and operating under the central authority of
TELEFRAS. Tariffs werc standardised across regions and the
rapid growth of the overall network was nlanned.

Two further means of finance raisine were introduced
by TELFBRAS - again bhoth from internal sources. First, FMBRATEL
was ohliped to transfer annx. 80% of international Telecomms
profit to the Brazilian Telecomms Fund. Second, TELERRAS
allowed the operating companies capital earnings of up to 12%
(ie over and ahove operating and canital costs).2

By centralising the organisation and financing of
Telecomms nationally, TELERRAS was also able to nlan for the
integration of the various recions and rural areas lackinn
sufficient infrastructure. Areas of low profit, mainly the
remote and rural areas were to be subsidised by the more
profitable internationa. and interurban traffic. At the same
time regional cross-suhsidisation bhecame nossible, and hieh
nrofit and high nroductivity regional companies were obliged to
contribute to the infrastructural development of the less

profitcble regions.3

1) See Pelton (19°%1) n2I8.
2) Details from SSI (I9R82).

3) Section 4.2 below describes the problems encountered in this
area due to the economic crisis and suhbhsequent investment
restrictions imposed on the sector.




3.1.2 Lecislatine for Local Industrial and Technologsical

Nevelonment:

Comprehensive legislation was introduced hoth to
strengthen the new administration under MINICOM and to translate
the hroader Telecomms objectives into policy rules for action.I
Within the extensive and detailed legislation of the post '74
period it is possible to identify three main laws which
expressed and defined Rrazil's industrial and technological
policy. The first of these laws, No J02 of Jan. 197S defined
the TELEBRAS philosonhy regarding  creasing local technological
canacitv and reducing dependence on foreign sources of technology.
In addition Law 102 pave MINICNM the authority to bhegin
identifying and deployvine the availal:le technological resources
within the country, princinally in the universities but also
in other RED institutes and private industry. Tr.5 even hefore
CPqD was created, TFLEBPAS was able to begin marshalling local
technological resources in the areas of Telecomms materials,
components, and equipment inputs.

Shortly afterwards in August of the same vear the second
major Law, No 661, was passed to establish exactly how the
Brazilian takeover of the market was to proceed. On the one
hand this involved defining the choice of technology to bhe
developed under CPqD, and on the other how the activities of
the MNC's were to he suhordinated to Brazil's National Telecomms
policy. Under Law 661 TFELEBRAS was to use its newly granted
moriopsony purchasing power as a means to estahlish control
over equipment production and technology. Ry corcentrating
purchasing power previously decentralised, TELEBRAS was ahle
to insist that the major '™NC subsidiaries transferred majority
ovnership to Brazilian capital, and mosi importantly begin
developing technology locally. The “WC's were only permitted
to continue manufacturing electromechanical systems in the short
term, and in order to compete for the larpe new orders on offer
had to begin immediately developing SDNS-SPC digital exchange
technology, according to standardised specifications issued by

1) See SSI apnendices (1982) for full details, for analysis
also see Assis (1978).
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TELEERAS.

l.aw 661 also gave TELEPRAS the mandate to set up CPal
to develop digital svstems from the hasic research stage
through to prototype development, and transfer of technology
to local industry. 40% of the local market was reserved for
technology developned at CPqD (later increased to 50% under a
further Law No.2I5). Again this was a deliherate measure to
strengthen the overall economic and technological bargaining
position of TELEBRAS in relation to the 4 majior '™N(C's.

The third major Law No.622 of .June 1973 complemented
and updated the first 2 Laws. Law 622 reaffirmed the rules
for nationalisation of inputs to the sector. GEICOM, the
institution created in 1975 under MINICOM, was pgiven the power
to coordinate the reduction of Telecomms imports and to ensure
the propgressive nationalisation of equiprent, raw materials
and component inputs.I Law 622 also contained more specific
measures to assist local capital towards technological self-
sufficiency and provided facilities for develepine human capital
resources.

To sum up, under IINICO'! Prazil set about identifying,

planning, and allocating local technological resources to
ensure the development of a nrational Telecomms industry. In
terms of investment resources the expansion of "razil's Telecomms
network was designed to be self-financing from the outset.
By adopting a well defined and offensive technology strategy
Brazil was in a position to bepin directing the activities of
the MNC subsidiaries and also build its own local hase in
digital Telecomms technology. Alongside the nlanning and
legislation introduced after 1974 the nrincinal means by which
Brazil intended to bargain with the !"NC's was hy strengthening
the State institutions responsihkle for executine Telecomms nolicy -
thus, through the purchasing power of TELERPAS Rrazil could
insist that technological activities were actually located

within the country.

I) Part 2 above describhed the overal! success of GEICOM in
this area.
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3.2 Technological Nevelonment and the “MMC's

In order to understand the extent of industrial and
technological integration of the *NC's in Prazil it is inportant
to view progress in this area in historical terms. Indeed,
control over the MNC's must bhe seen as a lonpg-term process
of hargaining for industrial and technolopical transfer with
achievements and setbacks, continuing un teo the present day.

Unlike State enterrrise in Telecomms, the MNC's have
been supnlying eauinment in Rrazil for over over 80 vears. As
Tahle 5 shows, except for NFC,the MNC's hegan their onerations
before or just after the turn of the century with the estabhlishing
of simple sales offices:

Table 5S: Principal Activities of Telecomms MNC's in Brazil-

Startine Dates:

Firm Name Sales Nffices Import Assembly lianufacturing

Subsidiaries

Siemens 1895 1905 1058 end of the
1960s

Ericsson before 1900 1024 105§ 1955

Philins* 1920 1925 1049 -

SESA/ ITT before 1908 1926 1942 1965

NEC - 1966 - 1960

Source: R.,S.Newfarmer, in Maculan (I1981) nl116.
*Philips were to drop out of the major equinment market during
the 1970's.

As the internal market began to grow the sales and distribution
of fices vere expanded and greater commercial representation
introduced hy the parent companies, in their competition to
supply the local eauipment market.I At this time the main buyer

I) For details see ’faculan (I?81) pnll6-[17




CTI was licensed bv the Covernment to nurchase imnorted
equinment necessary for the Telecomms netvork.

This situation nersisted up to the I1¢50s when the
Vargas Government cut CTR's import quntas and nlaced general
restrictions on imports. In the seneral climate of import-
substitution at this time the *'N(C's were forced to begin
lncating assembly facilities in Brazil to remain in the market.
Later on in the 1250s a snecial Government Commission into
Telecomms also insisted that the *NC's should use locally
produced inputs wvherever possihble. -

Led by Ericsson, the MNC's responded by locating
manufacturing facilities in Prazil, beginning with simple
peripheral equipment and then moving into the production of
transmission systems. Ry 1957 Fricsson had already hegun to
locally manufacture Crosshar exchanges to sain a competitive
advantage over Siemens and ."-ESA.I

Fven during this early period it is therefore possible
to identify the role of Government policy in directing the
activities of the MNC's - at this stage principally through
fostering comnetition amongst them, Nevertheless it is also
important to recognise that the core technology necessary flor
the desipgn and manufacture of exchange systems remained
exclusively with the narent companies abhroad. The Government
nlaved no active role in local develonment in Teleconmms but
was solelv concerned with reducing imports under the general
nrogramme of import-substitution.

The next phase of Telecomms develonment began after
the military takeover of 1964. Again led by Ericsson the
Telecomms sector folloved the general '"economic miracle”
nattern of rapid unchecked expansion of *WNC investment. Over
the 1967 to 1973 neriod of economic hoom the MNC's greatly
expanded their local manufacturing activities to meet the
increased demand f{or Telecomms equipmcnt.2 Again technology
was transferred only when needed to support the manufacture

of the electromechanical Crosshar systems but very little in

1) Trundenius and Goransson (1982)
2) ihid for details.




the way of local develorment took nlace.

Rv 1974 at the end of the loom neriod, like many other
industries in PFrazil the Telecomms sector entered a neriond of
crisis of overcanacity, falline demand, pgrowine financial debt
and redundancies. To make matters worse the laissez-faire
policy towards the MNC's had resulted in acute technological
dependency. The local subsidiaries lacked any substantial
capacity in R&D or nroduct nodification techknology. The eauin-
ment sector was almost totally owned and controlled by the
four major ''NC's, Ericsson, Siemens, SESA and NEC. Tndeed the
concentration of foreign canital in this sector (over 90% of
total sales) was even more nronounced than in the overall
Flectrical and FElectronic sector where MNC's accounted for
appx. 77% of total sales.I

Jt is within this context that MINICOM formulated 1its
industrial and technological strateasy after 1274. Tnitially
the "PBrazilianisation" rules contained in Law 661 of I275 were
resisted by the MNC's vho continued with the nroduction of
electromechanical exchange equipment.2 In order to overcome
the reluctance of the *™(C's to transfer SNS-SPC exchange
technolosy, TELEBRAS eventually threatened to cancel outstanding
orders. By 1977 the ‘W(C's had begun to comply with the
ownership and technolosy transfer directives in order to vin
the new orders on offer.

In terms of ownershin a nrogressive transfer of voting
capital from the *NC subsidiaries to large Rrazilian financial
groups bepan., Fricsson with a 40% market share pursuaded two
financial groups, 'onteiro-Aranha and Atlantica Poavista, to
form a holdine comnany “ATFL to tale over the majority of
Fricsson's voting canital.3 This deal was cventually approved
in July 1979 and as a result Tricssen won the larrest order on
offer and agreed to transfer their AXT-I0 SPS svstem technoloay
to Brazil. Siemens with reaughly 4% of the market sold a

majority share to Hering, another Brazilian holdine group,

1) See Newfarmer (I979) and Enstein and Mirrow (I1977).
2) Tarp (71982) nII8.

3) Prundenius and Coransson (1982) provide full details of
the Ericssnn case.




formine a new company Fquitel - aecain to comnete for the
nev digital exchange orders. SESA and NEC with 38° and 5%
marlket shares respectivelvy, hoth sold a majoritv of voting
canital to RRASILINVEST.

Clearly the new monopsony purchasing nower granted to
TELEBRAS was instrumental in pursuading the “™NC's to transfer
company cwnership to Brazilian capital. This nrocess of
bargaining and manoevering over the 1975 to 1979 period also
applied to the transfer of technology to the subsidiaries.

Detailed research by DBrundenius and Goransson (1982)
shows clearly that in order to gain market shares in Brazil
Ericsson (also called EDB - Fricsson do Prasil), reoreranised
their management structure and negociated a new acreement with
their parent company for the transfer of digital SDS technologsy.
In order to compete with the SESA !etaconta, NFC's DN-I0, and
Siemens NS system, Ericsson set up a new technologv directorate
to organise the transfer and local develonment of digital
SPS technology in Brazil. Aloneside these develonments in
exchange technology Fricsson also set un denartments to develon
component and material inputs as well as an informatics
sub-division.

At the time of the ownership necotiations Fricsson
bargained for a new technolonsy agreement with jts narent company
LMF in Sweden. The negpotiations were comnlex and involved
Ericsson do Brasil, LMF, TELEI'RAS and MATEL. 1Unlike previous
technology contracts this agreement involved a substantial
transfer of the core technological elements of the central-
exchange system. TELERRAS used the opnortunity of a large new
order of 800,000 lines to supply Sao Paulo over the 1982 to-
1986 period, to insist that the AXF-I0 SNS technology was in
fact developed in Prazil. The con*ract covered exchange, trans-
mission, and some peripheral equipment and included: a} full
technical specifications and desipn information, b) extensive
training in design, engineerina, manufacture and installation,
and c) other infornatinn essential to- financing, marketing
and purchasing, including details of comnonents and machine

tool supnliers tosether with necessary information on marketing




channels.

Interestingly, the terms of this thorourheoine technology
contract were ‘ar sunerior to former agreements. Mot only was
the overall cost substantially lower, but two imnortant clauses
- patent rights and trade rmark rights - were granted comnletely
free.

The negotiations under TELEBRAS succeeded in acquirine
all the necessary softvare and hardwvare technology vital for
research, design and develonment of microelectronic SNS technoloeyv,
Training for Ericsson emnlovees in Brazil constituted the
largest cost comnonent of the contract, followved bv direct
technical assistance for pioduction start-un, and diserhodied
technology in the form of snccifications and documents. The
clear sureriority cof this contract reflected the direct
involvement of TELEBRAS in the negotiations and the application
of their own technical and managerial knowhow tc the bargaining
process.

In 1980 however a major policy change occurred. It
became evident that the SDS (space division switching) technology
vas rapidly becoming obsolete. TELEBRAS therefore suspended
all outstanding orders, except for Fricsson's Sao Paulo contract,
and began negotiations for the transfer of the new,higher
capacity, TPS (time division switching) technolopsy. ITT/SE3A,
formally with a large share of the market supplying Rio de
Janeiro, showed no interest in developing TDS technology locally.
In September 1981 ITT allowed RRASILINVEST to buv the total
of their capital and in effect dropped out of the market -
leaving the competition for the other 3 MN(C's, Fricsson,
Siemens/Faquitel, and NFEC,

Siemens /Fquitel took this opportunity to attemnt to
regain a greater share of the market. Having nreviously lost
ground to Ericsson and been relegated to the much smaller
repional market of Curitiba (south of Sao Paulo) Siemens (now
called Eaquitel) also began following a technology based strategy
to gain an increased market share.

Although the evidence for Equitel is far less conclusive
than Ericsson, there are strong indications here too of local
technological progress in response to the Brazilianisation rules
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both before 1980 and after.I After 1976 Fcuitel (then Siemens)
began introducing technoloey to adant brivate and nublic
exchanges develoned by Siemens in Munich and succeeded in
developing a -series of broducts not in the narent comnanv range.
Also in resnonse to the Rrazillanisation rules, Siemens began

a systematic renlacement of imported for locally produced innuts,
involvine substantial technology trainine from CGermany. This
involved extensive product redevelopment as simnle substitution
of imports was rarely npossible. Today appx. 93% of public
exchange and 98% of private branch exchange eauioment 1is of
national origin.2

After the local technology training programme a large
prooortion of the German engineers returned home and were
replaced by Brazilian engineers. {urrently,only S engineers
at Cquitel are German with none at directorate level. As far
as local product development is concerned Eruitel narticinated
in a consortium with 4 other Brazilian based compranies (APRC-
Teletra, Sitelta, Induco, and Siecom) to develon small central
exchanges for Brazil's rural arcas. Some of the new products
developed by Equitel are now heing exported to other Latin
American countries.

Following the shift to TDPS technology, T[Lquitel embarled
unon a new major technology-tased strategy to gain a larger
share of the future exchange market. Again this involved a
programme of joint technology development, this time headed by
the largest national Telecomms firm Elebra. In January 1983
the two parties signed an agreement authorised by MINICOM for
the joint development of medium scale public TPS exchanges in
conjunction with CPqD.3 Clearly, from the point of view of
Fouitel this strategy is designed to regain a larger share
of the major Prazilian exchange market.

This process of technology bargaining and competition

for market shares therefore continues. At present it appears

1) Industry interviews and Telebrasil, various issues.

2) C=lculated as per GEICO' nationalisation indices. Telebrasil
Nov/Nec (1983) p4s.

3) Companhia Docas de Santos (1982) Annual Report.
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that the three major cornorations Fricsson, Siemens and NTC
will remain in the comnetition for the maior exchanse segment
of the narket.I Ry 1985 Rrazil plans to introduce its own
TDS technology and intends to supply 50% of the local market,
as allocated by Law 2I5 of June I981. Yhether or not the new .
technology strategy adopted by Siemens will lead to a restruct-
uring of market shares remains to be seen.

3.2.7 Implications: Bargaining for Local Technological
Capabilities.

Historically there can be no doubt that the MNC's in
the Brazilian Telecomms market have progressively become more
and more interrated into the industrial and technological structure
of the economy. From simple sales offices, through to assembly
units, the subsidiaries are currently developing technology
within Brazil - in some cases in cooneration with State
enterprise and new firms of Brazilian origin.

The latest phase of MNC integration illustrates the
difficult and complex process of bargaining involving setbacks
and successes, with resistance by the 'NC's on one hand and
various forms of Government pressure on the other. The
international diffusion of microelectronic technology during
the '70s and the subsequent increase in MNC competition for
Third World markets, placed Brazil in a better nosition to
bargain for genuine technology transfer. At the same time the
strengthening of MINICOM's ovn administration and their
insistence on transfer of ownership and technology as a pre-
requisite for remaining in the market, nave further momentunm
to local technological nrogre.s within Brazil's national
boundaries.

In response tc the dual nressure of intensified .
international competition and the TELERRAS Rrazilianisation
rulcs, local techrolorical develonment is currently being
enployed as a means of Multinational cornorate competition.

This stratecy is clearly illustrated by the villingness of the

1) Interviews suggest that the other major, MFC, has not yet
joined in this tyne of technology-hased competition but only
apnears to wish to assemble equipnent in Prazil.




subsidiaries to: a) restructure their organisations to
nroduce technolory locally, and b) collaborate with State

enterprise and national firms to develor the hirhest level

TDS digital exchange technologv. In short, the Prazilian Telecomms
. industry illustrates an important new phenomenon in DC industrial

technology studies - the use of local technological development

as a means of cornorate comnetition.

3.3 Government Direct Investments in Technolory.

Alongside the strategy of technological aquisition
through the MNC's the Government also embarked upon a long-term
investment nrogramme in its own R&D centre at Campinas (CPqD).
The level of investment and the general sizeé and scope of
of CPqD were cutlined in Part 2. However to annreciate the
fundamental long-term role of CPqD in organising, choosing,
and developing technological resources it is helpful here to
examine a) how CPgD functions as the centre of local technol-
ngical accumulation in Telecomms, and b) some of the maijor
achievements in digital technology since its creation in 1976l

3.3.1 CPqh as the Centre o€ l.ocal Techknolorical Accumulation
in Telecomms:

The overall aim of State investments in Telecomms was
to reduce denendence on foreien sources of technology and to
establish Brazil as a major nroducer of digital electronic
systems. CPqD was to be the principal means by which TFLEPRAS
could identifv and denlovy Brazil's existing technolorical
resources at the outset. In the plannine stage over the period
1972 to 1976, TELEBMAS conducted a series of meetines and
established formal acteements with the universities and other
institutions involved in Telecomms related research.I The aim
was not only to define existing activities teing carried out,
but also to officially set up and fund various research projects

I) TFor a full discussion of the institutions involved see
Albuquzrque and VYaldman (1980)npd4d4-62; for a listing in Fnglish
see Calli (I982) pp35-38. Tania discusses the early meetings
conducted (1983).




and begin n~lannine ‘or the human canital resources needed to
master the technolosy. TIn 1976 CPal toock over this ccordinatine
role, and in addition the main responsibility of developing
the new digital syvstems through from the hasic research and
design stages to the develonment and transfer of technology
to industry.

Table 6 descrihes the distribution of RED activities
as originally nlanned by CPaP and TFLTFRAS:

Table 6: Distribution of PR Activities in Telecomms
According to the CPaD/TELEPRFAS Plan.

RGN Activities Grouns Resnonsitle

Pasic Research liniversities and Centres of Research

Apnlied Research UIniversities, CPal, and other
Centres of REN

Prototyne Develonment CPal, other Centres of REN

Praduct Nevelonment Industry (eventually CPeD and other
Centres of RED)

Adaptive Pevelonment " CPan, other Centres of R&ED, and
Industry

Source: Albuquerque and Waldman (I1980) n3.

Fssentially, basic research was to continue within the llnivers-
ities but under the coordination and financial umkrella

of TELEBRAS. Applied research and prototync development

vas to be conducted hy CPaD, with the ortion of contracting

out work tc other instituticns if necessarv. linder the new
authority of TELEPRAS, "PqD could also choose which firms

were to collaborate in the design and eventual manufacture

of the nroducts - an extremely imnortant task, given that 504
of the future marlet was allocated by law to systems develoned
Fy CPaD.
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Fror the early nhilosonhy of CPaD the vital role of
the Covernrment sector is clear. ''mder TELLRRAS| €PN was the
means by vhich local technological activities were to he
identified, oreanised, financed and exnanded. DBy integrating
CraD into the industrial structurc of the country TELERRAS
could berin exercising control over the eauirrnent sunply
sector and fulfil its mandate of sunnortine the orovth of
local firms. At the same timc CPqD vas to function to feed
back the infrastructural demands for nroducts and technnlogv,
through to the universities an:! RED institutes for basic and
annlied research. Py subjecting the universities and RED
institutes to CPaN's overall technolorv nlanning, Brazil could
also bcgin taking over the important'choice of technolagy"
decision, nreviously under the sole direction of thc (s,

Tnitially CPqD's choice of technolory was determined
by the Fovernments aim of painine self-sufficiency in micro-
electronic svstems, therekv hi-nassine intermediate technologies.
The idea later crystalliised, that hy absorbira the nost advance!
diaital technoloey Brazil could cffectively prevent any
"technology gap' from develonine hetween itself and the alvanced
economies due to the diffusion of informatinan technolorsies.

In effect CPaD wvas te be Frazil's leading edge in absorbing
digital technology and "catching up” in the field of micro-
electronic technology.

At the start however, CPal’s main aim was to dominate
all threc arcas of diasital Telecomms technology - exchange,
transmission, and nerinheral svstems. PRy masterine the
technology in these areas DPrazil could locally supply the
knovhow and personnel needed for diritalisine the whole of
the domestic Telecomms network,

Tesides these strategic nlans for dominatine micro-
electronic technolopy, €CPel would alsn function in rcsnonse
to dav to day requests from the State oneratine companies.
Currently, reauests for snecial nroduct develonment are
chanclled to CPal for develorment or contractine out, rrovidine
the technolony is anproved. Tn this way CPaD is geared to
resnond to the specific technolorical needs of the local

Telecomms netvorlk.
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After a nroduct 1s develoned and rcaches the industrial
prototyne staecc the technolory is transferred to industry for
nroductio... Xnrmally the choice of firms is decided hefore
the manufacturing stase as it 1s nccessarv for the chosen
company to be actively engaged in the RGD esrecially in the
later staces of development. Patents belonecine to TELERPAS are
then registered and royralties are received, normally from the
oneratins comnanies.

In short CPqD is not simplv an RED centre hut actually
represents a system for the National accumulation of technology.
All the various research proups, firms, institutions and
nersonnel involved are organised to resrond to: a) the strategic
Covernment objectives towards Telecomms and microclectronic
technolngy, and b) the snecific technnlneical demands of
the State operating companies. Through its authority under
TELEERAS, CPaD is also atle to choose vhich firms are to
develop and manufacture narticular »roducts. In addition
CPaD's coordinating and financial role enables control to he
exercised over the basic research activities throughout the
country, nainly in the universities. Thus, from the outset
CPaD was desipned to be a systen of technoloeical anuisition
and coordination to meet Rrazil's overall digital Telecomms
objectives and the specific regional needs of all the various

operating companies.I
3.3.2 Digital Technological Nevelopments under CPqD:

"hile a case study of CPaN’'s achievements is outside
the scone of this naper it is nossihle here tn outline the
main proecrammes undervay,and tn nresent nrooress to date in
the technnlorical "heart” of Telecommunications - exchance
systems. Tahle 7 presents all the major rrojects currently
under develonment tosether with the institutions and firms
involved. As can he scen the maior areas of digital exchanrne,
transmission and perinheral technology are covered, involving
a larpe number of research institutions and firms,

1) Part 4.4 helow describes sore of the successes in nroducine
and adantine microelectronic technology to meet local needs.
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Talle 7: “ajor Proorammes and Troiects under Cran

Programmes and TProjects : Institutions and Firms
Involved
I) Digital Exchange Technology . = CPqP, EMRRACO'®, Flehra®
- Tropico C and PED Cistemas Fletronicas®

- Tropico R
- Tropico L
- Tronico T

2) Programme of Digital Transmission

- MCP 120/480 (PC™ 120/480 : CPah, INICAMD? (University of
channels) Camninas), Elebra® Ampere
Volt Eletronica Ltda®
- Radi-834 (Digital Radio) CPqD, UNICAMP, CITUC (Centre

of Telecomms Studies, Catholic
niversity - Rio) and LMF
(Laboratory of Microelectronics
llniversity of Sao Faulo)
3) Programme of DNData Communications

- REXPAX (Fxperimental packet CPaD, FNR (Nivision of FYBRATEL)
switching network) and FDTE,
4) Programme of Ontical Communications
- FLO-34 (Optic fihre system) CPaD and UNICAMP,
- Laser and semiconductors CPqDd and LPD (RN Lab.of 'NICA'P)
- Fibre optics CPaD, L™ and X Tal®

5) Satellite Communications Programme
- ETP (Public Telephone Station) CPaD FIT IfR-Control® AVIRRAS
CETUC and LME,
- ERTV (TV receiving station) CPaD, FPT,ICR-Contol CFTUC LMF
AVIBRAS (Industria Aerospacial
- LCS (Laboratory of Satellite S/A).

Communications) CPaD and FP7.
- Other Projects including:
Satellite Interference, and CPaD, ERT and CFTUC.

signal processing and transmission.

6) Telecomms Systems Programme
- Interference between terrestial CPaD, EPT and CETUC.
systems :
- Radio-electric systems CPaD, TFLEPRAS Operations

Directorate, and CFTUC.
7) Comnonents and ‘‘aterials Programne

- Lascr and semiconductor CPql and LPD,

- Fibre ontics CPaD and Y-Tal"

- I'ybrid Circuits, thick and Crah, CFTHC, LMF, Lakoratory
thin film of Flectronic Devices (IInivers-

ity of Sao Paulo-LED), Elebra®*
and Gradiente*

Interrated ciruits CPqD, L.FD, and IME.

Electronic grade materials CPqD and TINICAMP,

Corn~iled from various sources includine CPaD  TELTTPAC, Assis (I97R)
nn2n-21, Cnmpany Nennrts and Intervievs,

*indicates nrivate comnany.
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Frazil is the only country in the Third ¥arldé to have
successfully czvelone” and installced an intenrated ontical fibre
system usine rltinlexor and laser technolosy (the TrN-1).

The ECO-T was Zevelone! fron several of the nrojects listed above,
and all the necessaryv technolory includine industrial erade silicon
material for rmanufacturine ontical filres, is heine transferred

to local indusiry for rroduction this vear. CPaN's satellite
nroeranme 1is also well advanced and has succeeded in producine
lov-cost diecital receciving stations, torether with all the-
necessary companents and eauiprent for the Prazilian cormunicat-
ions satellite to he launched next year. Various integrated
circuits are already under nroduction by CPal}, and a nilot line
line witn a- - cznacity of 100,000 hvkrid circuits per year, for use in
central public exchances is now beine develored in conjunction
with 2 local Trazilian firms.

Ty far the largest programme under €PqD is the Tronico
exchange technolnay nroject which ahsorbs around 30% to 40% of
total CPgD investnents.1 Tropico is a family of digital’
stored nroeram controlled exchanges based on the most advanced
time division switching technology. The main ohtjective of
Tropico is to design and developn totally in Rrazil, digital
exchanges not only of the highest auality but also more suited
to the narticular clinmati. and telephone traffic conditions
found in Brazil. From 1985 50% of Rrazil's internal market is
to be supnlied by CPaD's technolozy. Over the longer-term it
is intended that Brazilian exchange technology should be able to
conpete with products available on the international market.

The R&D philosonhy adopted by CPqD was to tegin by
developing low capacity exchanges and gradually build up to
medium and larce scale systems, Fven a brief analysis demon-
strates the considerable success to date in developring and
manufacturing these svstems.

The initial nroject Tropico C (originally called SISCOM 3)
entailed the development of a line concentrator with a capacity
of 100 and 200 terminals. Fssentially a line concentrator is
equiprent linked to a central exchange which allovs a aiven
nurber of subscribers to he '‘concentrated' through far fever

1) Telebrasil (1932) MNov/Nec »7°0.




Iines than otherwilse necessary. Line concentrators are especially
important given Brazil's need for low-cost expansion of existing
exchange capacity. To date CPqD has completed the design and
development or Tropico C using PCM multiplexing techniques to
transmit the signals, together with a digital-analogue converter
at subscriber level. Field tests began in [982 in Rio de Janeiro
and the system is ready to be industrialised and used in the
TELEBRAS network.

Using much of the same design knowhow, the next project
Tropice R involved the development of a small, low-capacity
public exchange with a capacity of I000 terminals. Again a
TDS system wholly produced in Brazil, Tropico R was especially
designed for low-density urban and rural use. This project too
has successfully rceached the field test stage and is now ready
for production.I It is interesting to note that the 3 private
companies involved in the later development stages (see Table 7)
are all new wholly Brazilian firms. This not cnly illustrates
CPqD's role in developing local technological resouces but also
in transfering the know-how to local industry.

Building on the experience of Tropico R, the next project
Tropico L was a medium scale local and tandem public exchange
with a capacity of 60,000 lines. Although some of the
hardware from Tropico R was used in the development of this
exchange, far mcre sohisticated upgrading of the system design
was neressary. Again Tropico L is a fully digital TDS exchange
developed completely in Brazil., CPqD began first prototype
tests in May 1981 and field tests at the end of 1983; the system
is planned for manufacture and installation this year. In
January '83 MINICOM authorised a consortium headed by the largest
Bra}lan firm Elebra to begin negotiations over the development
and manufacture of this system with CPqD and TELEBRAS. As noted
earlier, the willingness of a major MNC, Equitel/Siemens,to
participate in this consortium indicates the tendency towards the
increasing technological integration of the MNC's.

1) 1In July '82 Elebra was authorised by MINICOM to begin
manufacture, Docas Annual Report (1982) pIlI.

2) The final project, Tropico T, is discussed at the end of this
section.
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3.3.3 Further Research Recommendations:

A) Technological "Learning™ at CPqD

Since 1976 CPqD has accumulated sufficient experience
and technology to master the frontier areas of digital Telecomms
technology. A detailed analysis of the technelogical "learning"I
experience at the level of CPqD,to illustrate the channels and
mechanisms by which this technology was acquired could be of
considerable interest to other DC's wishing to acquire a national

base in digital Telecomms technology. An examination of CPqD's
successful role as a system of national technological accumulation,
both at the coordinating managerial level, and at the micro/
engineering level,could also add to our very limited knowledge

of how information-based microelectronic technology can be
acquired. (As opposed to mechanical and electromechanical technology
for which there now exists substantial evidence). Furthermore,

a detailed investigation of this type could also have a wider
bearing on the potential impact of mic?electronic diffusion on

the Third World - if indeed other DC's are aiso in a position

to effectively "leap-frog'" intermediate technologies and prevent

a further widening of the technology gap between Developed and
Developing Countries.

B) Should Brazil Develop Large Scale TDS exchanges?

Of more immediate interest to Brazil is the question of
whether the country should begin the development of large scale
public exchange systems. Tropico T, the final project in CPqD's
exchange series is a proposal for a large-scale central exchange.
Until now this project his not been clearly defined, but there
are strong reasons to doubt whether the production of Tropico T
is the best strategy for Brazil to follow. To compete in
design and quality with existing international systems would
require a huge increase in financial and technological resources
to establish the critical mass necessary to successfully
develop this type of system.

I) For exact definition and benefits of "learning" see Bell
and Hoffnan (I1981).
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Internationally the central exchange market is both
oversubscribed and fiercely competitive with soaring RGD costs.
There are currently 16 major Telecomms exchange systems
developed at a cost of over $¢b competing for uncommitted export
markets of only §2b to $3b per annum. Market analysis shows that
it is highly probable that many of these systems will not realise
any profit at all.I

To win export orders it is now becoming almost obligatory
for the MNC suppliers, or their domestic Governments, to offer
extremely cheap credit. For example, to win the recent Indian
order the French Government had to step in to support CIT-Alcatel
to guarantee a cheap loan "aid for trade' arrangement, while
ITT are currently offering China 25 years credit at only 1% p.a.
to compete with the French.2

Rapidly rising R&D costs also make entry into the large
scale TDS exchange markets prohibitive. ITT for example have
spent between $300m and $500m developing their 1240 system.3
After investing over $100m in development the Swiss appear to
h: = pulled out of the competition. The British System X, now
finally developed over many years at a huge investment cost,
appears unlikely to win any major export markets after loosing
the recent Indian contract to the better established French
CIT-Alcatel system. If we compare the magnitudes of exchange
development costs, averaging roughly $375m for each system,
with Brazil's total investments in Telecomms R§D of around
$20m to $30m per year it is obvious that an immediate and massive
increase in investment would be a necessary prerequisite for
market entry.

In short, the extremely high risk and cost of entering
the international export market in exchange systems means that
all alternative avenues to developing large scale TDS technology
in Brazil should be explored. Research is therefore requied
into alternative means of gaining technological capabilities to
meet Brazil's needs. Given the unlikelyhood of Brazil successfully

1) Muller (1982) pI06. See also OECD (1983).

2) Details Electronics Weekly (1983) May 4 plIl, and Electronic
- Times (1982) May 20 pI and pIO.
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competing in head on competition with the MNC's for export
markets, research is also required into whether Brazil's domestic
market could support such a huge investment programme, especially

in view of Brazil's current internal and external financial
debt.



PART 4 EFFECTS OF THE ECONOMIC CRISiSI, POLICY PROBLEMS
AND PROPOSALS.

Progress in Brazilian Telecomms has without doubt been
impressive, however it would be wrong to suggest that the sector
does not face serious difficulties. The purpose of this section
1s to examine the major infrastructural and industrial problems
caused both by the current economic crisis and policy failures,
and thereby arrive at policy recommendations. Section 4.1
briefly outlines the extent and impact of Government imposed
investment restrictions as a result of the crisis. Section 4.2
examines the severe problems encountered in the rural sector
due to the economic recession and the overall low priority
accorded to regional and rural Telecomms. Section 4.3 describes
the important technological role of the growing small-scale
sector and the serious threat to continued technological accumul-
ation posed by the crisis. Finally section 4.4 assesses Brazil's
success to date in adapting digital technology to suit local
conditions and argues that Brazil could become an important
alternative source of microelectronic products and technology
for other Developing Countries (in areas other than central
exchange technclogy).

4.1 Investrent Restr,ctions and the Fall in Potential Telecomms
Growth.

As a result of mounting Government debt and balance of
payments-probleﬁs following the economic 'miracle" period the
original Second Plan expansion »f Telecomms was cut back substant-
ially.zand considerable financi:zl resources were diverted from
Telecomms to other sectors of the economy. In 1975 SEPLAN, the
overall Govenment planning authority began placing investment
restrictions on the Telecomms sector; as a consequence the level
of investments fell from a peak of around $1.8b in 1976 to
$1.3b in 1979, stavilising at just under $Ib from 1980 onwards.3

I) In Brazil the term ''crisis" refers generally to the recession-
ary period following the oil and commodity price increases of
1973 and 1974, characterised by balance of payments problems,
accelerating inflation, rising unemployment and extremely low
rates of economic growth in relation to the previous boom period

. of 1967 to 1973, For analysis and causation see Wells (1979)
and Balassa (1979). "Crisis" and "reccssion” are used interchangeably

2) See Earp (1982) pplIO05 to 108.
3) See Table 2 above.
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In terms of the equipmeni supply sector the imposed
cuts reduced the size of the market considerably, from appx.
$1.2b in 1975 to a level of around $800m since 1978:

Table 8: Brazil's Telecomms Equipment Supply Market 1975-83.
(Billions of Dollars - Current Prices)

1975 I.2
1976 N/A
1977 I.0
1978 0.82
1979 0.89
1980 0.76
1981 0.78
1982 0.83
1983 0.80

Sources: Wajnberg (I982) and (1983).

The market reductions illustrated in value terms in Table 8
represent a very substantial fall in the actual number of physical
lines contracted out by TELEBRAS for manufacture. In terms of
lines the market shrank from around Im in 1973 to 1974 to the
low level of under 400,000 up to 1982. In J983 latest estimates
show a modest -increase in market size to about 500,000 lines
due to the slight increase in investment in 1982 over the 1980
and 1981 levels.I
These heavy reductions in demand for equipment following
the rapid expansion of MNC investment over the period 1967 to 1973,
resulted in a severe and continuing problem of overcapacity
since I975. Production output over the second half of the 1970s
averaged only 55% of installed capacity, (reaching 65% for cable
manufactures)z. The increased output last year meant a relatively
good performance with capacity utilisation overall of appx. 70%,
As a direct result of overcapacity and investment
restrictions total employment in the supply sector fell by
roughly one half.3 Plessey and Philips withdrew from the market,

I) Sources: Revista Telebras (Various Issues) and Wajnberg (1983).
2) Wajnberg (1982) p6.

3) It should be noted that the equipment supply sector repres-
ents only a small proportion of total Telecomms employment in
Brazil as elsewhere.
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while Ericsson and the other MNC's were forced into redundancies
and factory clcsures.

Alongside the enforced investment cutbacks by SEPLAN
two further means have been used to restrict the potential rate
of growth of Telecomms, and divert resources to other sectors.
The first relates to the tariff levels imposed by Government.
While Telecomms tariffs remained well below the rate of inflation
over the period 1973 to 1983, input prices to the sector
experienced no such restrictions. Over the 1972 to 1980 period
tariffs increased I2 ‘times over, while Telecomms input
prices grew 2I |§ times. Since 1980 this 'squeeze" has continued
with the average rate of tariff increase less than the owerall
rate of price inflation.. 1

The second method used to divert resources is the direct
appropriation of finance from the Brazilian Telecomms Fund (FNT).
Appx. 30% of the price of each telephone call is chanelled to
the FNT set up originally in 1973 as a source of central
investment funding for Telecomms. The aim of centralising these
resources under MINICOM was to enable the rapid expansion of
services into the less profitable regions, effectively cross-
subsidised by the more profitable States. In terms of overall
importance to Telecomms investment the FNT (in spite of heavy
resource appropriations) provided an average of around 24% p.a.
of TELEBRAS's total investments over the 1973 to 1981 period.2

Since 1975 a large percentage of FNT resources has been
diverted to the National Development Fund to finance other
Government activities. Between J975 and 1980 total resources
appropriated reached the huge accumulated figure of Cr43b
(appx. SBISm).3 By 1980 the percentage of resources chanelled
away from the FNT reached 50%. Since 1980 this position has
worsened still. In 1983 of Cr225b FNT receipts only Cr75b (or 33%)
were returned for Telecomms investments. In 1984 only I0% of
fund receipts are planned to be reins/ested in Telecomms (CrS52b
1) Telebrasil (1983) Nov/Dec.p7. and Revista Telebras (I1981) Sept.p72
2) Calculated from Telebrasil (1981) Sept.p76.
L 3) Telebrasil (1983) Nov/Dec.p3.




from a total of CrSZOb).I

The long-term w}aom of these considerable restrictions
in potential investment and expansion of the -Telecomms network
is not an issue that can be dealt with in a sectoral case study
but a matter for overall resource allocation and development
planning. Indeed, it may be that other more urgent social and
economic needs justify this resource diversion. It should
also be remembered that despite the cutbacks Telecomms services
have continued to grow extremely rapicly and profitably - an
additional indicator of the sectors overall performance.
Within the Telecomms sector however it is possible to analyse
the effects of the recession and imposed investment restrictions

- the most badly effected area being rural Telecommunications.

4.2 Rural and Regional2 Telecomms- the Problem of Low Priority.

In terms of infrastructural expansion the cutbacks
imposed by SEPLAN after 1975 seriously reduced the intended
rate of rural and regional Telecomms expansion. The decision
to divert resources from Telecomms to other Government activities
led to a restructuring of Telecomms investment priorities
based on profitability. This meant that areas of social
investment and low return on capital, notably regional and rural
Telecomms, fell to the lowest level of priority after internation-
al, inter-state, inter-urban and urban.investment. As a result
the rate of growth of rural Telecomms proceeded at an extremely
low level in relation to the major cities and urban areas.
According to the census of 1980 the total number of
terminals in the rural sector amounted to only 75,000. Today
this figure stands at little more than 90,000, or put another
way, only IV of rural households in Brazil possess a telephone.3

I) Telebrasil (I1983) Nov/Dec. p3.

2) In Brazil it is necessary to analyse Telecomms in Regional as
well as Rural terms due to the geographical and economic
diversity of the various States of the country.

3) Source, Minister of Agriculture, Telebrasil (I1983) July/Aug.
Although these figures refer to the strictest definition of
“rural”, this is still an extremely low figure, especially when
one considers that 7.8% of the population overall possess a’
‘telephone.
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This extremely poor level ¢ ielephone coverage reflects on

one hand the investment restrictions imposed by SEPLAN due to
the economic crisis, and on the other the much deeper poverty

of many of the rural areas in relation to the main industrial
centres. Overall this must be considered a very grave long-terrm
nreblem given the vital need for social overhead investments

in the poorer areas, and given the threat to the continuing
efficiency of agriculture posed by a weak and sparse Telecomms
coverage.

In terms of regional Telecomms, in spite of the absencz
of any systematic and detailed research, it is possibleto illustrate
the effects of the cutbacks using information from the
various regional operating c0mpanies.I On the whole this data
shows that throughout the poorer regions of Brazil the crisis
and investment cuts have resulted in frozen investment projects,
low Telecomms growth and unsatisfied demand.

Evidence from Telepar, responsible for providing services
to Parana in the South of Brazil, shows that as a consequence
of investment restrictions the growth of telephone coverage
is insufficient to meet local demand. At the same time, plant
utilisation has not reached its target level of 90%. More
fortunate in the Southern region, Telesc for Santa Catarina
report continued progress regardless of the crisis with
the approval of a Crlb investment budget for 1983,

In the generally poorer regions of the North East severe
problems, intensified by the recession, are reported by most
of the operating companies. In Pernambuco several major rural
projects have been frozen since the mid '70s due to investment
restrictions; as a consequence telephone coverage still only
amounts to 2.6 per I00 people, while the inadequate transmission
coverage often results in inter-urban conjestion. A similar
situation exists in Rio Grande de Norte where investment cuts
have prevented the full communications integration of the State.

1so in the North East Telebahia of Bahia report a continued
inability to meet current demand for Telecomms services due to

_ I) Sources: Interviews with UINICOM and various issues of
Telebrasil and Revista Telebras.
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lack of investment resources.

Serious problems are also evident in the Northern
region of the Amazon, where Teleamazon are unable to provide
further infrastructural expansion to many of the interior
regions due to investment cuts. Despite the pregress made in
extending satellite communications to manv parts of the Amazon
the coverage of the interior is still very poor. Restrictions
on operating expenditures also mean that the maintenance of the
system (often needing ' boats and plane:c) has become a very
severe problem for the operating company.

In the Cen:iral Eastern region of Goias, Telegoias reports
increasing debt, again especially due to the maintenance of
existing services. In addition the company is unable to expand
infrastructure to meet the currently unsatisfied demand in the
region, due to the low priority accorded to regional projects.

Other operating companies report similar problems to
lesser or greater extents. Overall it is clear that as a
direct result of the crisis and subsequent investment restrictions,
rural and regional Telecomms have not progressed to anywhere
near the same level of coverage and quality as the major
industrial centres or the capital Brasilia. Research by the
Banco Nacional Crédito Cooperativo shows that from a sample
of 100 of Brazil's rural cooperatives their exists an unattended
demand of 26,000 terminals. This study suggests that in each
of Brazil's 2140 rural production and electrification coops
there is similar unsatisfied demand. In spite of this large
demand the service companies are forced to restrain their
regional programmes due to Government imposed investment cuts.
In short, by concentrating investment in the relatively high
profit areas, regional and rural Telecomms have been forced to
bear the brunt of the post '74 Brarilian economic crisis
within the Teleconnms sector.

4.2.1 Poli:y Proposals:

Currently the Ministry of Agriculture together with
MINICOM are attempting to resolve the problem of lack of invest-
nment by raising finance via the existing agricultural cooperatives.
However, given the extent of the problem this can only be a




partial solution. It should be recognised that in relation to
the industrial areas rural and regional Telecomms are severely
underdeveloped. For both socioeconomic reasons and for reasons
of continuing agricultural productivity it is therefore vital
that a) far greater priority is given to rural Telecomms within
the Telecomms sector, and b) if possible the National Telecomms
Fund should be used to support the expansion of infrastructure
R into the poorest regions as originally planned.I

4.3 Recession and the Threat to Brazilian Small-Scale Industry
and Technology.

The general effects of the crisis in terms of unemployment,
overcapacity and investment restrictions were outlined in Section
4,I. However, within the industrial sector the economic
position of the MNC subsidiaries is far stronger than that of
local Brazilian firms for the following reasons. First, the
far greater operating scale of the MNC's allows not only
significant cost advantages in production, but also greater
access to lower cost financial resources; consequently, the
MNC's are in a better position to withstand both short and
longer term liquidity problems, order cutbacks and the general
financial constraints intensified by the recession. Second,
the size of the MNC's and their access to foreign technology
allows easier diversification into other product areas. For
example, since I975 ITT/SESA have moved into the production
of photographic and computer equipment. Ericsson is now
manufacturing components for IBM computers and also photographic
equipment for Kodak. NEC has deversified into microwave trans-
nission equipnent and is also producing parts for mainframe
computers.

A third major advantage of the MNC's 1s that the type
of equipment they produce, mainly large-scale exchange equipment,
is not subject to the same degree of demand flu.tuation and
uncertainty as the relatively, lower-level technology produced

2
by the small-scale Brazilian firms. The longer cycle time

I} This would also permit the vider use of the many new digital
product innovations devcloned esnecially for rural areas by
Brazilian enternrise (see Section 4.4 helow).

2) Described below.
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of exchange equipment allows grcater tine and f{lexibility
for planning and organising production output. The fourth
advantage of MNC's over local firms relates to longer-term
investnent cutbacks forced upon firms by the recession. If
cuts are imposed upon technological investments by the local
MNC's, access to parent connany technology is always available.
This is not the case for technological investments by national
firms who depend on their ability to produce technology
locally.

This final point is extremely important in terms of
the continuing role of Brazilian industry in upgrading and adding
to the overall technological capacity of the country. As one
of the directors of a local Brazilian company put it, in order
for local firms to remain in the market, it is necessary to
develop technology locally as part of their very surv.val
strategy. Without a continuous upgrading of the technological
capacity of these firms they cannot hope to compete in the
highly sophisticated and rapidly changing microelectronic
Telecomms market. In other words dynamic local technological
accumulation is a necessary condition for the survival of the
new Brazilian firms - this is not the case for the MNC's, who
as discussed earlier, develop technology as a strategic means
of market competition and not as a condition for survival.

Turning to the actual participation and role of local
Brazilian capital in the market, Table 9 1lists the 2I largest
Telecomns enterprises as of 1981 by sales. The 7 largest firms
are all of foreign origin occupying just over 83% of the
market.  In the public exchange equipment market the MNC
concentration is even more pronounced with around 98% of sales.I
However, since 1974 when there were virtually no local firms
in the market, there has been a consistent and rapid growth
of small and now medium scale Telecomms companies. By 1976
following the introduction of import restrictions, local firms
occupied around 2% of the market. By 1980 this figure had
increased to 10%, and at the end of 1981 local Brazilian firms
supplied 16.7% of total Telecomms equipment.2

I) Wajnberg (1982) plIl.
2) ibid and Maculan (198I) pISH.
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Table 9: Major Firms in the Brazilian Teleconms Equipment
Supply Industry (I981 Sales, in Millions of Cruzeiros).

Firm Name - Sales (total equipment)
Ericsson do Brasil* 17,961
NEC do Brasil®* 8,877
Standard Electric(SESA)* 8,871
GTE do Brasil®* 5,644
Telettra* 3,306
Telefunken(Siteltra)* 2,392
Equitel/Siemens* 4 784
Elebra S/A 863
E.E.Equip.Eletronicos 751
Daruma 1,180
Embracom 773
Splice - 938
Icatel 389
Autel 507
I1GB-Control 428
Telequipo 307
Redentor 393
Schause 269
Tecnasa 692
Microlab 1,624
Unitel 1,278

Source: Wajnberg (1982) plI.
*signifies firms of foreign capital origin.

Today there are appx 120 local firms supplying inputs
for the TELEBRAS system, representing about 14% of total fixed
capital investment of the Teleconms industry.I These firms
currently represent around I0% to I5% of annual Telecomms
investment in the supply industry. In terms of employment the
participation of Brazilian capital is becoming extremely
important. In 1982 with roughly 14% of capital investment the
new medium and small scale firms absorbed around 30% of the
labour force. Overall it is estimated that these firms have
the capacity to generate 3 times the employment per unit of
investment.than the major MNC's,

Alongside the proliferation of local firms there has
been a consistent upgrading of the technological capacity of
this segment of the industrial sector. 1In 1975 local firms
were nainly engaged in producing relatively simple equipment
and technology for IIF and VIIF radio equipment used in transmission.
By 1980 local capital had progressed through to more sophisticated

I) The following information is from Telebrasil (I983) Jan/Feb.
p54, and Telebrasil (I983) Sept/Oct.ppd-5.




areas of transnission equipnent together with terminals for
telephones ancd telegraph.

Today local Brazilian firms play a very important role
as an alternative source of products and technology for
TELEBRAS. Some of the larger Brazilian firms are actively
engaged in technological investments and have built up their
own R&D departments. For example the largest company Elebra
invested Cr350m (around $2m) in RED in 1982, and now employs
140 full time electronics engineers. Other larger firms are
also presently involved in joint technological developments
with CPqD for the TELEBRAS system.

The following products developed jointly with CPqD
illustrate the dynamic technological progress of local Brazilian
capital since 1974. First, Tropico C, a line concentrator,
is now developed and currently in production. Second, Tropico R
the TDS exchange system is also developed and ready for manufact-
ure. In transmission technology, the MCP-30, a digital multiplexor
is already in production by local firms, together with the
MDT-101, a telegraph and data commnunications multiplexor. Also
in transmission a terminal device for digital laser comnunication,
the ELO-34 has been manufactured, and optical fibres for use
in laser transmission are due to be manufactured this year
using silicon material also developed locally. In addition
nany other products in the Satellite programme, together with
various materials, components and peripheral devices are currently
under production. Currently between I0% and 15% of the
TELEBRAS budget is destined for orders for small and medium
scale Brazilian firms.

Although local firms have expericnced a successful
period of growth over the last 10 years or so, the prolonged
effects of the economic crisis and Governments cuts are especially
scvere on local firms given their inherent economic and technolog-
ical disadvantages in relation to the M\C's, lnlike the INC's
3razilian firms have very little definition of medium and long-
tern contracts to help plan production. Orders from TELEBRAS
are subject to far greater anendnent and uncertainty. The
“inancial weakness of local {irms in relation to the !NC's is
slso ageoravated as a result of the recession. With small firms
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investment cutbacks actually threaten continulty in local
technological progress Gchercas the MiC's usually have access

to technology from the parcnt companies)- Much shorter lead

times can prevent adequate production, financial and technological
planning, while order cutbacks and the inability to diversify

production can nean severe financial problems and hankruptcy.I

4.3.1 Implications and lPolicy Proposals:

Since 1974 a large number of small and now medium scale
Brazilian firms have developed and grown to ) lay an important
role in local technological progress in digital Telecomms. The
entry of many small scale firms into what was a rigidly
MNC dominated, oligopolistic market up to 1974 was the result
of: a) import restrictions imposed upon the MNC's and the
operating companies, b) deliberate Government policy support
for local capital, and c¢) the "modular” nature of digital
technology itself which permitted the entry of small scale
suppliers and the gradual upgrading of technological capabilities.2
The possibility of market entry and local technological progress
in this manner is extremely important,and encouraging,to other
DC'< wishing to manufacture and develop digital technology.

In terms of Brazilian Government policy, it is important
that more recognition is given to local industry, both as a
dynamic source of national technological accumulation, and
as a present and future alternative sc'irce of Telecomms equipment.
As discussed above, technological aquisition through the MNC's
is a constant and difficult bargaining process - the existence
of an alternative Brazilian production base in microelectronic
technology substantially ;trengthens TELEBRAS's overall position
in relation to the major equipment suppliers;

More specifically it is recommended that a policy
distinction is made between the MNC subsidiaries and the new
firms of wholly Brazilian origin. At present no such distinction
is made; current policy is to consider any firm of majority
voting shares in the hands of Brazilian capital,as equal for

I) The industry point of view is given by Telebrasil (1983)
Nov/Dec.

2) In economic terms this indicates a greater degree of capital
divisibility in digital technology over electromechanical
technology (see Part 2 above).
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the purposes of policy. This means that the “MNC's (now all
rnajority owned by Brazilian capital) have a built-in competitive
advantage over local firms. Given the important technological
role of firms of local capital origin, policy discrimination
is needed in favour of local companies to help them toward a
nore equal competitive position with the NC's.

Specific measures could potentially be introduced
to: a) guarantee at least equal order continuity for local
firms, b) financially support the smaller firms especially
in the area of technological investments, c) increase the
quota of orders allocated to Brazilian firms, and d) expand the
existing technological cooperation between CPqD and local capital.
A clarification and reaffirmation of policy support for local
Brazilian firms would be of great benefit to Brazil's overall

progress in digital Telecommunications.

4.4 Brazil as Exporter of Telecomms Products and Technologies.

A final issue of policy importance, especially in the
context of the current Government and IMF pressures to increase
exports as a solution to the crisis, is the potential role of
Brazil as an exporter of Telecomms products and technologies.
Section 3.3.3 above explained why competing in the najor
exchange markets internationally cannot be considered a viable
proposition, at least in the short and medium term. Together
with the financial and technological reasons already discussed
there is an important scale consideration which puts Brazil at
a severe disadvantage in relation to the major MNC Telecomms
equipment suppliers. Internationally 5 of the majors produce
over I million lines p.a. while most of the others produce
800,000 or more each year.I This gives the individual MNC's
a huge economy of scale advantage over Brazil where currently
the annual output of around 400,000 is shared between four
najor companies. The prospects for Brazil to enter the main
international exchange markets must therefore be considered very
poor.

I) Telebrasil (I983) Sept/Oct.




llowever, there is good reason to believe that Brazil
could become, in the very short term, a major Third World
supplier of other areas of Telecomms technology as a
result of the experience to date in planning, aquiring and
adapting digital technology to suit local conditions. Two
of the main problems facing DC's in the expansion and improvement
of their Telecomms networks are: 1) the need to rely on the
M\C's who supply the products for advice and expertise, and
2) the product technologies themselves, which are normally
designed to suit the climatic,economic and telephone traffic
conditions of the advanced economies not the DC's. Brazil's
successful experience in planning, legislating and financing
a modern Telecomms network, as well as bargaining with the
MiC's to begin local technological developments, could be of
considerable assistance to other DC's with similar,or even less
arbitious objectives. Potentially there is scope for Brazil to
supply consultancy expertise in all these vital areas of
Telecomms planning and implenentation - and therefore provide
for other DC's an alternative to reliance upon the MNC's and
other agencies from the advanced countries who lack this direct
experience.

In addition Brazil has to date developed a considerable
range of product innovations based on the greater flexibility
of digital over electromechanical technology. Brazil's experience
in adapting microelectronic technology to suit local economic,
climatic and telephone traffic conditions could well be a
source of technology-based competitive advantage over the major
international suppliers. While an appropriate export strategy
would require detailed analysis and investigation, it is possible
here to briefly present some of Brazil's achievements in
producing microelectronic technologies more suited to DC conditions.

Beginning with exchange technology, Telebahia, the
operating company for Bahia, has developed and is currently
using low-cost, simplified automatic exchanges (known as CTAS's),
designed especially for small towns and rural areas. The CTAS
costs only I/I0 of a central exchange sysiem, with only I/S
of the installation costs. As a low cost means of expanding
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networl capacity, this is idcally suited not only to Bahia
where around 801 of the population live outside the major
cities, but also other regions within Brazil and indeed to
other DC's looking for a low-cost solution to Telecomms expansion.

To help increase access to public telephones, Brazil
has developed a number of systems centred around the concept
of Comnunity Telephone Services - all made possible by the
flexibility of digital technology. For example, Telpe of Pern-
ambuco responding to the heavy concentration of reverse charge
calls has installed a system developed hy Telesc (of Santa
Catarina) which allows automatic collect! calls via public
telephones. A similar system developed for use in the Amazon
region allows public telephone calls without coins. Other
variations on community telephone.services include public
telephones especially designated for receiving calls and making
collect calls. Inter-urban automatic reverse charge systems
are also currently in operation; by using a special dialing
code a recorded voice -asks ‘- the telephone subscriber whether
he or she is willing to accept a reverse charge call, and at the
same time gives information as to the caller and city. These
types of systems are particularly important in DC's where
public telephones are relied upon far more than in the developed
countries.

In order to maximise the use of public telephone lines
MINICOM has recently approved various "line-sharing' systems
using Brazilian PCM technology. These allow more than one
person to use the same telephone line, with seperate telephone
extensisggi A light indicates when the line is being utilised
and one cannot hear the other; seperate numbers and accounts
are also maintained. A variation on the line-sharing idea is
already in use by Teleceara in the North East which allows
I line to be shared by 10 seperate callers. Again, these types
of systems could prove very relevant to other DC's looking for
sensible and inexpensive methods of expanding urban and rural
Teleconnunications.

1) 1In England "reverse charge' calls
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A number of new digital transmission systens have also

been designed and introduced in Brazil to help overcome the

very high cost per line of installing rural Telecomms. Embracon,

ore of the new Brazilian firms has developed a digital system
. (currently awaiting approval by TELEBRAS) ,which utilises
existing electrical cables to transmit telephone signals. This
s¥stem uses FDM techniques and enables up to 8 telephores to
orerate simultazneously with one pair of existing electrical
cedbles. Using existing infrastructure in this manner is extrenmely
irportant for remote regions and expanding rural Telecomms to
improve agricultural efficiency.

Also in transmission, CPqD has developed a low-cost
satellite communications system for low and medium capacity
telephone traffic. This was designed especially for extending
transmission to small towns and rural areas. All the necessary
digital equipment including amplifiers, transmitters and
receivers was developed in Brazil, and EMBRATEL has already
contracted out 220 units for manufacture.

Tg cope with the more inaccessible and remote regions
of low d7sity where it is not feasible to use sateliite communic-
ations, portable digital radio telephones have been designed.
These were developed especially for use in areas divided by
islands and rivers. Teletet of Sao Paulo has developed and
is currently manufacturing digital telephones for use by
Teleamazon in the Amazon region. This particular system is
not designed to receive calls but only to make outgoing calls
which are reverse-charged automatically. This is an extremely
low cost method of providing urgent Telecomms services up to a
distance of 70kms with both urban and inter-urban dialing.I

At present the World Bank is funding an experimental
project of installing 17 digital radio telephones to serve I5
small rural villages, thereby avoiding the high expense of
laring transmission infrastructure. If the project is successful
TELEBRAS intends to extieud this method of communication to
the whole of the Amazon region.

e I) The cost is around Cr200,00C for each telephone (appx.$I1100
- 1982 prices).
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4.4.1 Implications and Policy Proposals:

Since 1975 Brazil has succeeded in producing an abundance
of digital technological innovations to meet the nceds of the
local Telecomms network. The range of innovations already
developed demonstratc the comparative flexibility of microelect-
ronic over previous technologies. Digital technology has made
feasible low cost satellite conmunications, snall inexpensive
exchange systems, sinple methods of line sharing and several
methods of low-cost transmission suitable for DC'S.I

For other DC's, Brazil's successful exploitation of
digital technology should prove both instructive and useful.
Clearly there is potential for other DC's to adapt digital
Teleconns technology to suit local needs.

Regarding Brazil's role as a potential exporter of
technology, it is recommended that further research is conducted
into: a) further areas of digital techneclogical innovations,

b) potential technology exnort markets in other DC's, and
c) an appropriate strategy for Brazil's entry into technology
exports in Telecomms.

Brazil's potential role as an alternative source to
the majer INC suppliers, could take the form of intra Third .
World technology cooperation or technology sharing.2 Awareness
raising could be conducted at inter-Governmental level, partic-
ularly in international Telecomms forums such as the ITU
(the International Telecommunications Union). Methods of
organising trade could possibly take the form of soft currency
trade, or exchange for other imports vital for Brazil such as
oil and other raw materials; bilateral trade of this nature
would avoid the need for raising hard currency and generally
assist in balance of payments difficulties.

While proposals of this kind are by definition speculative,
Brazil's substantial experience in both planning and acquiring
digital technology strongly suggest the possibility of a technology-
based competitive advantage over exis ing Developed C: nty
suppliers. However, a detailed planning and research programme
would he a‘-prerequisite for success in this area.

1) It should also be noted that the whole of CPqN's research
is geared towards meeting the specific nceds of Brazil,

2) The recent speech by the Minister of Comnunications officia11§
confiris Brazil's desire to engage in such cooperation(Mattos 1983)
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Conclusion: Relevance to Nther Developing Countries.

Since 1974 the Brazilian Telecomms industry has progressed
from a situation of deep technological dependency to one of
substantial and dynamic progress in modern digital Telecomms.

At the same tine the domestic Telecomms infrastructure has been
nodernised and expanded and is now in a good position to meet

the forthcoming demands of information technology. Brazil's
remarkable industrial, technological and infrastructural achieve-
ments were prinmarily the result of forceful and forward-looking
Government policy intervention in a sector formerly owned and
controlled by foreign enterprise.

While it must be remembered that Brazil is in many
respects a special case among DC's, given it's size and technol-
ogical and industrial infrastructure, there are many points of
direct relevance and interest to other DC's. Indeed, the
Brazilian example illuminates several issues regarding: a) the
accunulation of microelectronic technology, b) the benefits of
developing a strong local Telecomms industry, and c¢) the role
of Government policy. These issues are important not only for
other large industrialising counties, but also for smaller DC's
wishing to expand their basic Telecomms infrastructure. It is
helpful to consider these three points in turn.

Virtually from scratch, with little experience in micro-
electronic technology and even less local industry, Brazil
aquired a strong base in Telecomms technology in an extremely
short period of time. 1In fact it was precisely the diffusion
of digital technology during the '70s which provided the opportunity
for Brazil to enter what was previously a closed and rigidly
defined market. On the one hand Brazil was able to exploit the
intense MNC competition for Third World markets, by insisting
that manufacturing and technological activities were located
within the national boundaries. On the other hand, the
characteristics of digital technology itself, in terms of skill
requirements, modularity and flexibility, allowed Government
enterprise to rapidly accumulate substantial experience and

knowhow in Telecomms - beginning with relatively simple dinital
technologies and gradually moving up the scale of complexity
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to r2diun s:zzle public exchanges, satellite systens, ard

high capaciz¥ cptical {fibre transmission. At the same time

it was the zrrival of digital technology which permitted the
rapid growt’. and parficipation of small scale local enterprise,
now supplyirz almost 20% of the domestic market.

The notential for local technological developnent
demonstratec by Brazil is clearly relevant to other larger DC's
such as India ard Mexico, currcently attempting to develop indust-
rial and techneological capacity to supply their own local markets.
In addition, the possibility of domestic small scale industry
entering the production of microelectroni¢ equipment may well
be of relevance to smaller DC's with less ambitious objectives
towards overall industrial and technological capacity. Brazil's
experience in progressing from lower level peripheral and
transmission equipment through to sophisticated TDS exchange
technology is both relevant and encouraging to other DC's.

The second issue of considerable interest to other DC's
concerns the economic benefits gainéd by Brazil's progress in
Telecomms. While it was not possible here to conduct a formal
cost-benefit analysis, several major indicators demonstrate
beyond any cdoubt, the substantial benefits gained as a direct
result of Brazil's nationalisation of its domestic Telecomms
network, and local development of technology. Far from being
a drain on the country's resources the Telecomms sector overall
is largely selt-financing and also an important source of revenue
for other Governnent activities. In addition total investments
in technology were extremely low in terms of gross operating
receipts, anc inceed amounted to only a fraction of the resources
diverted fron Te]ecomﬁs to other sectors. In fact, the overall
operating corpany TELEBRAS occupies an almost unique position
among Brazilian State enterprises, with very high profit, very
low debt, falling imports, continuously increasing ermployment
and price increases below the average rate of inflation.

BesiZes these dircct and measurable bencfits, the vital
econonic and social gains fron establishing a nodern, well-
functioning connunicatiors infrastructure should not bhe forgotten.
Brazil's success since 1974 in buildine a conprehcnsive Telecomms

infrastructur2 served the dual purpose of meeting the conventional
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industrial and domestic demand for cificient comnunications,

and also layec¢ the foundations for nceting the future demands

of information technology. Brazil's accunulation of digital
technology through its Telecomms infrastructure and supply industry
is an important component of the overall strategy of preventing

any possibility of a technology gap developing between Brazil

and the advanced economies, due to the diffusion of microelectronic
technology. Local enterprise has not only succeeded in aquiring
this technology but in fact has already produced a whole range

of digital innovations designed to suit local environmental and
economic conditions. The potential for other DC's to use the
Telecomms sector as a strategic means cf accumulating a national
ba-e in digital technology is clearly an important matter for
policy consideration. At the same time the possibility of

adapting microelectronic technology to suit local needs may also
preve useful to other countries.

The third issue of general relevance is the role of
Government policy in ensuring domestic progress in Telecomms.
Rather than being the result of the invisible hand of the market
Brazil's progress was the direct consequence of the very "visible
hand'" of Government policy interventior. Through a carefully
planned strategy of strengthening local enterprise and legislation
Brazil was able to ensure that the activities of the MNC's fitted
in with the overall Telecomms planning goals. This was achieved
mainly by centralising Telecomms purchasing power with TELEBRAS
who were then able to insist that technological activities were
located within the country. The other main function of Government
policy was to set up a major RED centre in Telecomms to ensure,
directly, an independent base in digital Telecomms technology.

In addition, Government policy was instrumental in encouraging the
growth of the large number of new national firms currently
developing and manufacturing equipment for TELEBRAS.

Brazil's technological and infrastructural gains were
clearly the direct result of a well-orchestrated and vigorous
Government policy, translated into economic reality by legislation
and administration. Although this experience cannot be transplanted
to other DC's, the Brazilian case does emphasise the need for




planning and organising local technological capacity to mect
specific infrastructural and industrial needs. 1In fact, probably
the most important lesson from the Brazilian experience in
Telecomms, for large and small DC's alike, is the need for

an informed and well-planned Government policy.




"LOSSARY OF TECHNICAL TLERMS

ANALOGUE Electro-magnetic wave form used in transmission.
Analogous to a continuously variable physical quantity such as
temperature. Dizital transmission on the other hand is transmitted
in discrete, scjsrate pulses using Pulse Code Modulation (PCM).

COAXIAL CABLE ! cable used for trunk transmission. The coaxial
outer sheath anc central coil are both electrical conductors, separ-
ated from each cther by an insulating material. Expensive to
install in relation to alternative systems such as microwave relays,
ontical fibres zad satellites. .

CROSSBAR Near cssolete, electromechanical switching system, used
as an intermediate technology between Strowger and Electronic
exchanges.

DIGITAL A discrete or discontinuous signal transmitted in intervals.
Host modern computer and Telecommunications technology is now

based on digital date transmission because of its advantages over
analogue, in terzs of speed and low cost per bit of information.

The terms '"digital" and '"microelectronic'" and sometimes "'PCM"

are used interchangeably to decribe digital Telecomms systems,

now converging technologically with computers.

EARTH STATION Used to receive and transmit signals in Satellite
transmission systems.

ELECTROMECHANICAL Semi-electronic, incorporating moving parts
unlike "solid-stzte” microelectronic systems.

ELECTRONIC MAIL Service providing data storage to a subscriber
To store messages received through a Telecomms network.

EXCHANGE EQUIPMENT Also known as switching equipment - represents
the heart ol the Telecomms system, performing the central
operating function of connecting calls within and between networks.

HARDWARE The physical equipment and components required to
build a Telecomms, or any electronic, system.

INFORMATICS Autonated digital data processing systems incorporating
harwvare and softvare, involving one or more computers., Based on
digital technology, the transmission of data is normally processed
using PCM techniques.

INFCRMATION TECHNJLOGY The range of Telecomms, Telematics and
Informatics techrologies, centred around microelectronic devices
vhich permit the storage, transmission and manipulation of data
in digital form, at low cost and great speed.

INTELSAT The International Telecomms Satellite Organisation
responsible for providing over 60% of the world's overseas Teleconms
traffic.

LASER TRANSMISSION Transmits signals through a modulated laser,
either through optical fibres or space,

LINE CONCENTRATOR A concentrator enables the signals from a
given number of telephones to be sent over one pair of wires

sinultaneously - used in local telephone loops to achieve substant-
ial cost reductio:xs.
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LINE-OF-SIGHT ‘ficrowave transmission system in which a set of
receivers ars located in 2 line to rccelve microwave signals,
without obstzclces.

MICROELECTROLICT A .igital, solid-state semiconductor component.

HICROWAVE Very short electromagnetic radio wave, within the overall
wavelcengoth s-ectrua of long, medium, short,infrared, ultraviolet,
X-ray and garna ray.

ODLY Lquipment for modulation and demodulation of Teleconms.
In other words it takes an analogue electrical signal and converts
it into a digfital one, for rapid low-cost transnission.

MULTIPLEXOR 1 device which interfaces with a central exchange

and converts znalogue inte digital signals, then transmits then
using PCH techniques. .Jany telephone conversations and other
signals can be simultaneously transnitted by "interleaving' sanples
of each signal, thereby increasing the capacity of existing

coaxial or microwave networks. Also the different types of signal
can be "multiplexed” together without interfering with each other,
unlike analogue.

OPTICAL FIBRES Used in PCM transmissicn, made of silica which is
much cheaper and more readily available than copper which is used

in conventional cables. Advantages over coaxial cables are: larger
capacity, resistance to corrosion but not to transmission signals
(therefore less signal regenerators or "hoosters” needed). In
addition opical fibres can be installed with existing infrastructure
such as coaxial ducts or railway lines.

PCM (PULSE CODE MODULATION) Digital transmission of information
by modulation of a pulse according to a code. (See analogue and
digital).

PACKET SWITCHING Used in data communications systems. Information
is stored 1n binary digits until line capacity is available for
transnission (the resulting data stream is termed ''packet’) Has
bcen called an "electrical post office”.

SATELLITE '"A microwave relay in the sky" (Martin,I977 p2IIl).
Receives nicrowave signals and retransmits them to another location.
Satellites are used especially for intercontinental transnission,
and can handle large amounts of traffic with no cables or boosters
and send signals almost anywhere on earth.

SDS-SPC Space Division Switching - Stored Programme Contolled

(see TDS-SPC)

SOLID-STATE o moving parts, fully digital or electronic as
opposea to electromechanical.

SPC (STORED PROGRAMME CONTROLLED) A switching system whose internal
control 1s performed by a conputer. (See TDS-SPC).

STROWGER Electromechanical telephone exchange invented in Kansas
in 1889, based on banks of rotary switches connected in series -
slow, inflexible and costly in comparison with solid-state
electronic exchanges.

SWITCHING EQUIPMENT Sec exchange equipnent.
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TNS-SPC (TIME DIVISIOAN SWITCHING-STORED PROGRA'ME CONTRALLED)
THS=8TC is the nost recent Jdicital suitching process by which
signals are trans{erred from one point to another by scnding sanples
covn different paths, depending on their desircd destination, at
exactly the right time, so that a particular '"gate" opens allowing
the signals down a specific path. By chanecing the times at wvhich
the gate opens,different signals can he accepted. TNhS is nore
econonical than conventional ™'s;.ce division switthing' (SNS-SPC)
vhere the physical path is pernanently connected.

TELEMATICS  Also known as Teleinformatics (sometines Comp-communic-
ations).lelematics is the fusion of Telecomns and Computer
technologies made possible by digital electronics. Data in digital
form is stored, manipulated and transmitted between computers

using public Telcomms transmission networks.

TRANSMISSION EQUIPYENT Includes microwave, satellite, coaxial

and nmore recently fibre optic systems. Transmission equipment is
used to carry signals between terminals and includes local network
"loops'" and long-haul or trunk systems.

TRANSPONDER Rented from INTELSAT, transponders accept signals in
a given Irequency band and then retransmit them at different
frequencies so as not to interfere with weak incoming signals.

TROPOSCATTER A system of microwave transmission which utilises
the troposphere (the lower part of the Earth's atmosphere) to link
up receiving earth stations separated by larger distances than
allowed by line-of-sight transmission (infirequently used).

VIDEOTEXT TV sets are used as data terminals wiiich are connected
to the public Telecomms network to receive various kinds of
information.
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