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Preface 

This is the third edition of the "European 
Information Technology Observatory". The 
EITO is the established yearbook for the infor
mation and communications technology (ICT) 
industry in Europe. Since its launch in March 
1993 the EITO has set the standard for market 
analysis and statistics in Europe. It also provides 
special ICT studies as on technological trends, 
the information infrastructure in Europe, the 
small office/home office and the home markets, 
and mobile computing and communications. 

The EITO is a broad and unique European 
initiative. In early 1995 the EITO assumed the 
legal status of a "European Economic Interest 
Grouping". The EITO members consist of the 
European associations, EUROBIT as represent
ative ofthe information technology industry and 
ECTEL as representative of the telecommuni
cations industry, and the European IT trade fairs 
CeBIT in Hanover, SIMO in Madrid and SMAU 
in Milan. From the very beginning the EITO has 
been strongly supported by the Directorate 
General III Industry of the European Commis
sion. The EITO 95 has been produced with the 
support of the EITO sponsors, the trade fairs 
Association SICOB in Paris, KONTOR OG 
DATA in Oslo, and SYSTEMS in Munich. 

The objective of the EITO is to provide an 
extensive overview of the European market for 
information and communications technology 
and to render services to this industry, users as 
well as public authorities. The idea of a European 
Observatory originated from the President of 
SMAU,Enore Deotto,and it has taken an excep
tional effort by the original members EUROBIT, 
CeBIT, SIMO, and SMAU to produce this new 
compendium. 

The EITO 95 presents the most compre
hensive data currently available about the ICT 
market in Europe. It has been produced in close 
cooperation between the EITO Task Force 
experts and leading market research companies 
in order to discuss and improve the quality of 
the statistics and data. The copyright for the 
major parts of the market analysis, data and 
statistics is held jointly by EITO/GzF and Inter
national Data Corporation. The copyright for 
two special papers lies with EITO/GzF and 
Dataquest Europe respectively Inteco Corporation. 

Up-to-date and valid information plays an 
increasingly important role in business and polit
ical decision-making. The EITO is an indispens
able source of information in marketing and 
technology for European market players, users of 
information and communications technology 
hardware, software and services, for trade or
ganizations and trade fair visitors, for market 
analysts, for politicians, members of the Euro
pean Commission and national government 
representatives, for organizations involved in 
R & D, standards and education relating to IT, 
and last but not least, for the media. 

With its comprehensive resources of in
formation in-depth, the EITO aims to improve 
the acceptance of modern information and com
munications technology as well as to make its 
contribution to the further economic integration 
and political unification ofEurope. 

The initiative will be continued with annual 
editions of the EITO in March and an EITO 
Update in October as a free of charge supplement 
to the yearbook. 

The EITO Members 
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Information and Communications Technology 
in Europe: The European Commission's View 
The Arrival of the Information Society 

Towards the Information Society 

The tremendous technical improvements in 
IT and communications that have taken place in 
recent decades are combining with changes in the 
economy and society to produce 
a new type of society: the infor
mation society. This new society 
presents us with many opportuni
ties to solve economic and social 
problems; yet at the same time, the 
challenges we face in making these 
come to pass are very great and will 
require new approaches from all 
actors in society. 

In the 1980sand 1990s,changes 
in society and the economy are 
setting the stage for the informa-

We see also increased decentralization of 
decision-making, more working in teams, and 
improved coordination across distance. At the 
same time we assist to a reduction in the pro
portion of manual workers making goods in 

factories, due to the high produc
tivity increases there, and a major 
increase in the number of pro
fessionals doing immaterial work. 
Alliances between companies have 
mushroomed in the last decade, 
especially at international level. 

The Information Society 

tion society to come. Slow-to- Stefano Micossi, 

We are moving towards a new 
society, where information and 
knowledge play a much greater 
role, supported by the techno
logical revolution. As a result, the 
constraints of space, time and 
volume of information will often 

moderate growth appears likely to Diredor Genera/Industry, EC 
continue for several years, and this 
is having a profound impact on markets. Markets 
are maturing, with ever-increasing competition 
and segmentation. Secondly, business is becom
ing increasingly global; the whirlwind revolution 
in international financial markets is the extreme 
case. Further, the pace of change has increased as 
well as the level of uncertainty facing companies. 

Companies are responding to these changes 
by improving their flexibility and speed of 
response. They are becoming leaner and more 
efficient. New forms of relationships between 
large companies and their SME suppliers are 
emerging to deal with the increased pressures on 
flexibility and costs. 

be dramatically lessened. 

In the business domain, many new services 
will be possible to provide for the new demand 
generated by these developments in the society. 
New ways of organizing existing businesses will 
be possible, for example, new ways of marketing, 
ordering and distribution. Some business func
tions will be able to be located more easily in re
gions of cheaper production, as we are currently 
seeing with telephone sales and computer pro
gramming, or closer to the customer, as we see 
with sales and field service. 
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For the citizen or consumer, a whole range of 
new services will be available: video-on-demand, 
home shopping, home banking, education, per
sonalized news services, culture, travel services 
and many others. Yet the specific demand is 
uncertain at present- how much people will be 
prepared to pay for what - and this is why trials 
are under way at present to help ascertain that 
demand. 

For public services, cheaper delivery of some 
services will become possible, both by integrat
ing at one point several services which are now 
provided separately, and by electronic delivery 
of payments, filling of forms and provision of 
information. Access to public information by 
the citizen can be sharply enhanced, and an im
portant effect of this can be a greater confidence 
in the democratic process, as well as improving 
the quality of life. 

Employment in the 
Information Society 

Europe's high level of unemployment, pre
sents us with a major challenge, one which grasp
ing the opportunities offered by the information 
society can help to improve. 

The information society will provide many 
opportunities for increasing employment, partic
ularly in the provision of the new and enhanced 
services, as well as the "content" in the informa
tion and entertainment services. At the same 
time, of course, greater efficiency in producing 
goods and services will lead to some shift in 
employment. 

The transition to the information society is a 
time of upheaval. Europe has to proceed as rapid
ly as possible to implement the changes and to 
face the challenges they present. The completion 
of the transition to the information society, with 
the introduction of new markets, new forms of 
employment, and new industrial structures will 
itself provide a basis for renewed prosperity but, 

The European Commission's View 

at the same time, international competition 
means that falling behind in the information 
society may lead to reduced competitiveness for 
our businesses in general. 

The net effect on Europe will depend very 
much on the extent to which Europe takes up the 
challenge, and how quickly. 

Initiatives in Other Regions 

Aware of the major business opportunities 
otTered by the Information Society, companies in 
the US and to a lesser extent Japan have been 
rushing to position themselves to take advantage 
of the opportunities being opened up. At the 
same time, their governments have become 
aware of the major issues at stake, including the 
possibilities for new employment, and have put 
in place major initiatives to take advantage of the 
opportunities, with the US in the lead. 

The United States has been at the forefront of 
pushing the "information superhighways". US 
companies in telecommunications, cable TV, 
computers, software, information services and 
entertainment have been pushing very strongly 
to implement these superhighways and the serv
ices they will carry. The US National Information 
Infrastructure (Nil) Task Force was established 
in order to give a major impetus to this process. 
Research and development programmes are 
being strengthened and extended. 

The US government has set, as a "land-an
the-moon" type of target, the aim of connecting 
every school, hospital, clinic and library to the 
N II by the year 2000. It is also promoting and 
partially funding its Nil Testbed initiative, where 
trials are testing the commercial implications for 
business of access to a widespread, high-speed 
information infrastructure. Pilot applications 
exist in areas such as just-in-time manufactur
ing and delivery, electronic publishing, remote 
collaborative working and linking businesses 
together on a national (or global) basis. 

• 11 
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A major part of the US developments are tak
ing place at the level of individual states. Many 
states have identified the information infrastruc
ture as a major weapon of economic develop
ment. Many have successfully established major 
intra-state, high-speed, fibre-optic networks link
ing schools, universities, hospitals and public 
offices. These are well beyond the pilot stage 
and have become accepted tools in providing 
information services to US citizens. 

Deregulation of telecommunications is pro
ceeding with important initiatives such as the 
proposal to break down many of the barriers be
tween cable TV (CATV) and telecommunication 
services. There have been some delays in imple
menting this proposal with the Hollings Bill 
having failed in Congress, forcing the new 
Congress to start again.· Meanwhile, liberali
zation is proceeding at state level. 

Many private initiatives involving the region
al telecommunications companies (RBOCs) and 
the major cable TV companies, with partners 
from other interested sectors, are also taking 
place, including major trials of consumer and 
business services being undertaken. 

In Japan, there have been initiatives from 
several directions, some aiming at promoting 
the information infrastructure- Ministry ofPosts 
and Telegraphs (MPT), NTT, the Construction 
Ministry - while others take the alternative 
perspective of the user of applications in the 
information society (MITI, Ministry of Health 
and Welfare). 

Telecommunications re-regulation in Japan 
has proceeded with the recent introduction of 
competition into long-distance telecommunica
tions, partially deregulating the CATV sector 
and the MPT proposal in May 1994 to break 
down regulatory barriers between cable TV and 
telecommunications. 

M III has proposed application initiatives in 
five public sector domains: education , research, 
medical and welfare services, administrative 
services and libraries. 

In Canada, three central policy objectives 
have been defined for the information highway: 
job creation through innovation and investment, 
reinforcing Canadian sovereignty and cultural 
identity, and universal access at reasonable cost. 
National debate has been launched on how best 
to achieve these objectives, and an Information 
Highway Advisory Council has been established. 
Telecom de-regulation has been proceeding 
since 1992, and the extensive cable TV system is 
in competition with the telephone network for 
interactive multimedia services, in which Canada 
is a leader. 

European Initiatives 

The EU public authorities have taken up the 
challenge of the information society, first of all 
in the Commission's "White Paper on Growth, 
Competitiveness and Employment", which devel
oped a vision that ICT and related services have 
the potential to promote substantial growth, 
increase the competitiveness of the economy, 
open up new job opportunities and improve the 
quality oflife for all Europeans. The White Paper 
has been the starting point of a shift in industrial 
policy by the European Union towards the better 
use of technologies instead of mastering tech
nologies. 

This was followed by the Bangemann Report, 
written by a group of high-level industrialists 
which the Commissioner Martin Bangemann 
chaired , encompassing equipment manufac
turers, telecom operators, information and 
service providers, broadcasters and users. This 
aimed at making concrete proposals to remove 
the roadblocks on the way to the information 
society. 
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The report illustrates the search for consen
sus on the issues and builds on the White Paper 
analysis. It highlights the need for an accelera
tion of the liberalization process, as well as the 
necessity for universal service providing access 
to basic telecommunication services for all Euro
pean citizens. It reaffirms the necessity to adapt 
the legal framework, notably for protection of in
tellectual property rights. It recommends the de
velopment of priority applications: teleworking, 
distance learning, research networks, telematics 
for SMEs, road traffic management, air traffic 
control, healthcare networks, electronic tender
ing, trans-European tele-administration and 
urban superhighways. Research and develop
ment programmes will serve to accelerate the 
deployment of applications and generate the 
new technologies needed. 

The report defines the role of the public and 
private sectors. It recommends that the public 
authorities set up new rules of the game and 
assist with the launching of public interest ini
tiatives for stimulating the market. The private 
sector, on its side, is to play a major role and has to 
take the initiative for financing the information 
infrastructure. 

In addition, the report underlines the global 
nature of the information society and calls for 
international cooperation to achieve this. It also 
stresses the need for standardization and inter
operability of applications over the infra
structure. To follow up, it proposes establishing 
a single Council of Ministers for all information 
society affairs, as well as a board composed of 
eminent figures from all groups concerned to 
work on the framework for implementing the 
information society and to promote public 
awareness. 

The Commission followed this rapidly with a 
communication to the Council and the Euro
pean Parliament, "Europe's Way to the Informa
tion Society: An Action Plan". The aim of the 
Action Plan is firstly, to provide a clear reference 

The European Commission's Vieu· 

to all parties, both in terms of its content and 
calendar, and secondly, to set out a clear work
ing instrument, organized along four axes -the 
regulatory framework, applications, the social 
dimension and promotion - around which all 
future actions are to be articulated. 

On the first axis- the adaptation of the regula
tory framework- the key element is the liberali
zation of infrastructures, which will be determi
nant in generating private sector initiative and in 
reducing telecommunications tariffs. Other im
portant regulatory issues include: the financing 
of universal service, the interconnection of net
works and interoperability of services; intellec
tual property rights; electronic and legal protec
tion; privacy; and the international dimension. 
At the end of 1994, the Telecommunications 
Council agreed to liberalize telecom and cable 
TV infrastructures by the beginning of 1998, 
the date already agreed upon for the full liberali
zation of services. 

The second axis is networks, services, applica
tions and content. The take-off of applications is 
of outstanding importance. The reference is the 
choice ofl 0 application domains proposed by the 
high-level group. The Commission was then 
mandated by the Council to prepare a document 
describing the methodology to promote the 
development of applications and partnerships 
between the actors involved whether private or 
public. A number of bottom-up inifiatives are 
emerging in the application domains identified 
by the Bangemann Report; the Commission is 
supporting these actions, in particular through 
the newly established Information Society 
Project office. 

The third axis is the social, societal and cul
tural aspects. Because it touches all aspects of 
human life, the information society could, if im
properly framed, create new economic and social 
discrepancies or reinforce existing ones. A high
level group of experts is being created in early 
1995 to ref1ect on these issues and advise the 

• 13 
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Commission on the appropriate measures to be 
undertaken; it will cover six domains: employ
ment, work organization, regional cohesion, 
education, health and human resources. Cultural 
and linguistic aspects of the information society, 
in particular its contribution to the promotion of 
Europe's diversity, would be largely addressed 
through Europe's audio-visual policy. 

The fourth axis is the promotion of the infor
mation society. For the information society to be 
attained and produce its full benefits, it must be 
widely understood and supported by the citizens. 
Promotion actions and campaigns are therefore 
being targeted at the public at large as well as 
specialized audiences (SMEs, public administra
tions, social partners,journalists, etc.). Diffusion 
of best practice among the user organizations is 
another key activity, to significantly improve the 
benefits that user organizations gain from their 
use ofiCT. 

The Issues at Stake 

In economic terms, the issues at stake are the 
very growth of the European economy, the com
petitiveness of European companies in all sec
tors, as well as the level and quality of employ
ment in Europe. The opportunities in the ICT 
sector alone amounted to 291 billion ECU per 
annum tor equipment and services in Europe 
and 910 billion ECU in the world as a whole, in 
1994. 

In social terms, the quality oflife will depend 
very much on how and when the information 
society is implemented in Europe. If handled 
correctly, major possibilities exist for improving 
education, health and the widespread access by 
citizens to information, for example. 

In terms ofculture,majoropportunities again 
exist for democratic and cheap access to Euro
pean culture in its many forms. However, unless 
approached well, this could turn into a domina
tion of cheaply-produced culture from outside 
Europe. 

The successful achievement of the informa
tion society will require, above all, a willingness 
to change and grasp new possibilities by all 
European citizens. 
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Information and Communications Technology 
in Europe: The Industry's View 

Year One 
of the European Information Age 

The 1994 EITO Report stated clearly that 
1993 was the worst year in the history of the 
information technology industry in Europe. 
It also observed that signs of a 
recovery were emerging. 

That evaluation has since been 
confirmed,justifying the view that 
1994 marked the beginning of the 
recovery ofthe European IT market. 

But 1994 also marked a far 
more important turning point in 
the history of the European IT 
industry- the transition to the new 
world oflnformation and Commu
nication Technologies, or ICT- as a 
number of significant events shows. 

are fundamental steps towards concrete im
plementation of the recommendations of the 
Bangemann group. 

Another "revolutionary" event in 1994 was 
the definition, in a Commission Green Paper, of 

the timetable for deregulation in 
telecommunications and the fa
vourable stance adopted by the 
German government as regards 
faster liberalization. Even though 
compromises and delays are likely, 
there is no doubt that another 
"wall" has fallen; at the very least, 
the cracks in the walls of "Fort 
Monopoly" are getting bigger. 

One is the presentation of 
"Europe and the Global Infor

Bruno Lamborghini, 
President of EUROBIT 

Under the impetus of technol
ogy and globalization, rapid and 
dramatic changes are taking place 
in the telecoms industry, even in 
the European countries least will
ing to abandon the monopoly en

mation Society", a Report prepared by the 
High Level Group chaired by Commissioner 
Bangemann. 

The Bangemann Report is a cornerstone in 
the construction of the European Information 
Society; together with the White Paper on 
"Growth, Competitiveness and Employment", it 
will provide a strategic template for change over 
the coming years, as Europe moves towards this 
new frontier with its promise of new growth and 
new jobs. 

The endorsement of the Report by the Euro
pean Council in Corfu last June and the Action 
Plan subsequently drawn up by the Commission 

vironment. These changes are of enormous im
portance for the development of new markets 
and new demand. In the case of mobile phones, 
many countries have found that with the intro
duction of competition charges have dropped, 
demand has soared and new business opportuni
ties have opened up for a wide variety of com
panies. In other industries, too, the abolition of 
monopolies can pave the way for the rapid spread 
of innovative products, services and applications. 

As the Bangemann Report indicates, and the 
experience of the UK confirms, the move to
wards a competitive environment in telecoms 
markets benefits former monopolists as well as 

• 15 
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new competitors. But the most important result 
is that liberalization improves conditions for 
the user, in terms of cheaper costs and better 
performance, and lays the foundation for the 
development ofthe Information Society. 

1994 can be regarded as Year One of the 
European Information Age for a third reason: 
the wave of new initiatives and agreements 
among the various players in the ICT scenario, 
the computer companies, the telecom operators, 
the media companies and the content providers. 
Although these initiatives are still at the experi
mental stage, they herald a new world offering 
almost limitless t~l.cilities for accessing and pro
cessing information, thus enabling organizations 
in every area to achieve enormous improvements 
in e1Ticiency. The key elements in this world are 
networks, multimedia, integrated services: ele
ments that combine a range ofcompetences that 
until recently were confined to separate worlds. 

In this respect, Bill Gates' acquisition of the 
Leonardo da Vinci Hammer Code is emblematic. 
It confirms that we have moved into an age where 
the information container (hardware, software, 
networks) is fully integrated with the informa
tion content (multimedia information). It also 
confirms that we have moved into a global 
environment, where geographical borders and 
nationalities tend to vanish. 

The Information Society: 
a Major Challenge for European 
Companies and Governments 

In the Bange mann Report, information super
highways are not the slogan they have become in 
the United States. The key issue is the need for 
Europe to build a new type of society, the Infor
mation Society. In other words, construction of 
an advanced new communications infrastructure 
is not regarded as the ultimate objective, but as a 
tool that will help foster a major transformation 
in Europe's industrial and social structures. The 
construction of the Information Society is the 
ultimate goal. 

Construction of the Information Society is 
no longer an option for Europe, it is a major 
challenge which has to be won. This is the fun
damental condition on which Europe's survival 
as a competitive industrial area depends, on 
which real solutions to the unacceptable level 
of structural unemployment depend, on which 
conservation of European social and cultural 
values depends, on which European integration 
and a solid new economic growth cycle depend. 

No-one can dispute the fact that, in the last 
few years, Europe has fallen behind other world 
areas. The gap with the United States as regards 
two key growth indicators, employment and 
investments, is particularly alarming. In the two 
years 1993-94, approximately 5 million new jobs 
were created in the USA and the unemployment 
rate fell to well below 6%; in Europe, employ
ment is struggling to return to the early 1993 
levels and unemployment is almost double the 
US rate. At the end of 1994, machinery and 
equipment investments in the USA showed 
real increases of around 50% compared with 
1991; in the European Union, they fell by 
approximately 15%. 

The reason for these gaps is that Europe is not 
sufficiently competitive. Given that knowledge 
and information are the main strategic resources 
in today's competitive scenario, the develop
ment of applications that make maximum use of 
knowledge and facilitate access to information is 
essential if Europe is to catch up. This is why Eu
rope's entry into the Information Society cannot 
be postponed. 

In some ways, Europe is well positioned to 
meet the challenge. It has technological resources 
and a huge potential for multimedia applications 
and networked solutions; it has a strong social 
and cultural base, including 80% of the world's 
art heritage, on which to build a knowledge 
society; it is a multilingual community in close 
contact with the rapidly developing Slav area and 
the emerging world of the Islamic Middle East. 
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In theory, therefore, Europe is fully qualified 
to play a leading role in the new and highly 
competitive global scenario, in which the older 
industrialized regions and the new industrial 
nations will be competing directly against one 
another in the high-tech race. 

As the Bangemann Report points out, how
ever, compared with the United States, business, 
the public sector and individuals in Europe are 
generally less aware of the importance of the 
changes and challenges of new technology, with 
the risk that new demand may be slow to take off, 
delaying the growth of the new markets. Evident
ly, this would be a handicap for the European 
system in general, and for the players in the new 
ICT industry in particular. 

In order to compete successfully in the new 
scenario, the European ICT industry needs do
mestic market conditions similar to those en
joyed by the US industry. Extraordinary efforts 
must therefore be made to remove the various 
obstacles along the road and to accelerate the 
move towards the Information Society. 

The private sector clearly has a major role to 
play (in fact, the Bangemann Report identifies 
private-sector initiative as the key element in the 
construction of the Information Society); but 
government has important responsibilities, too: 
as regulator, educator, promoter of a competitive 
market environment, broker between public and 
private-sector initiatives. 

Government is also responsible for the vital 
task of rapidly removing the obstacles that pre
vent the new opportunities opened up by tech
nology from being fully exploited. Some of the 
most conspicuous are certainly the high charges 
for leased lines and high-speed long-distance 
communications in Europe as compared with 
the USA. These charges and the lack of tariff 
harmonization are hindering the development 
of new services and new applications across 
Europe. 

The Industry 's View 

Other obstacles arise from the lack of regula
tions governing intellectual property rights on 
multimedia content, privacy and security; or, at 
the other extreme, from the presence of regula
tions that hamper the spread of innovative appli
cations such as teleworking or distance learning. 

But perhaps the most urgent task facing gov
ernment is to create a free market by dismantling 
monopolies and excessive regulatory restric
tions. An open competitive environment fuels 
innovation; technology spreads faster, produc
tivity rises and costs and unit prices fall. Products 
and services that were once available only to the 
privileged few become accessible to broader 
cross-sections of users, and the market expands. 

The European Commission has played a 
fundamental role in speeding up deregulation 
and creating the basic conditions for a more 
rapid diffusion of the digital revolution across 
Europe. The Fourth R & D Framework Program, 
for 1994-98, is a key element in the construction 
of the Information Society. Action also needs to 
be taken by individual Member States, in close 
cooperation with the European institutions. 

An important step towards open competition 
and a free market in 1994 was the completion of 
the seven-year Uruguay Round negotiations, 
leading to a reduction in European import duties 
on electronic components and products. 

The successful conclusion of the GATT 
talks and the decision to create a World Trade 
Organization must be applauded. Nevertheless, 
attention has to be drawn to the fact that par
ticularly high protectionist charges continue to 
be levied on certain important components. 

Specifically, high duties have been retained 
for a number of years on DRAM, EPROM and 
Flash memories, which are key personal com
puter components. This situation puts the Euro
pean IT industry at a serious disadvantage in 
relation to its counterparts in the USA and Asia, 
where such duties have been eliminated entirely. 

• 17 
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The continued existence oftariffbarriers on 
electronic component imports in Europe is a 
glaring anachronism, particularly in the context 
of a global competitive environment, for which 
open markets are a sine qua non. 

EUROBIT will therefore continue to press 
for the removal of these tariff barriers. 

How to Create a Critical Mass 
of Innovative Demand 

Through the EITO, we intend to contribute to 
the process taking the European ICT industry 
and market into the Information Society. 

The recession and the sharp downslide in in
vestments, most notably in 1993, have made the 
restructuring of the European IT industry (soft
ware as well as hardware) a particularly painful 
and costly process. Although recovery has clearly 
been slower to start in Europe, in 1994 encourag
ing signs of a revival of demand appeared in some 
European countries and industrial production 
accelerated significantly. 

In 1995-96, the recovery is expected to gather 
momentum across Europe, creating favourable 
conditions for investments in ICT products, new 
applications and new initiatives. The new ICT 
cycle will be further strengthened by continuing 
deregulation in telecommunications and the 
spread of new technologies (wireless telephony, 
satellite transmissions, etc.). 

In short, we are moving into a crucial phase 
for the recovery of European competitiveness 
and the launch of the ICT industry. 1995-96 will 
bring important opportunities for strong growth 
on a solid new basis. 

The EITO believes the driver of this new cycle 
will be the products and services developed as a 
result of the convergence between telecommu
nications and information technology, which is 
creating new applications and new markets. 

It is clear that I CT has become a mass market, 
even in Europe, where PC shipments already 
outnumber automobile shipments and soon will 
also outnumber TV shipments. 

The Internet already has millions of users in 
Europe and the development of the friendlier 
Mosaic interface is extending its use to business 
applications. The Internet is a concrete example 
of an information highway, and an important 
driver for the spread of new services and appli
cations. 

Similarly, the availability throughout Europe 
of Euro-ISDN, and subsequently of ATM 
B-ISDN, at affordable prices will stimulate 
development of countless new applications. As 
users gain access to interoperable networks 
offering every type of service, from telephony 
to cable TV, the application opportunities will 
be practically unlimited. But existing technology 
and the current recovery have already laid the 
foundation for a wave of new IT applications. 
Nevertheless, the potential can only be tapped if 
demand for innovation achieves critical mass. 

As the Bangemann Report says, "we can only 
create a virtuous circle of supply and demand 
if a significant number of market-testing appli
cations based on information networks and 
services can be launched across Europe to 
create critical mass". 

There is lively debate in the USA over which 
new applications will rapidly stimulate a critical 
mass market. Interest focuses mainly on home/ 
consumer interactive TV applications (video on 
demand, teleshopping, entertainment), but so far 
experiments and trials have not produced a great 
many significant results. 

In Europe, the most promising area seems to 
be new applications for the business and social 
sectors. 

The Bangemann Report recommends that 
priority be given to applications designed to 
achieve various economic and social objectives: 
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new corporate organizational models, better 
living and environmental standards, new social 
facilities, more efficient, cost-effective public 
services, new jobs. 

The Report identifies ten application areas 
where concrete action can be taken rapidly to 
meet real needs. In many of these areas, the 
market potential is huge. 

For example, Europe's small enterprises 
make very limited use of on-line facilities, while 
the availability of cheap information services 
could help them achieve extraordinary improve
ments in efficiency, productivity and competi
tiveness. Widespread use of EDI in the small/ 
medium business sector could boost competi
tiveness and employment. 

Trans-European networks linking public au
thorities could be an important factor in improv
ing service efficiency and quality, at the same 
time reducing costs. 

Teleworking is an increasinglypopularoption 
in the USA, where the numberoftelecommuters 
has already risen to more than six million. In 
Europe, the formula is spreading more slowly, 
but demand is strong. 

Another area is distance learning, an enor
mously important tool in today's new scenario, 
where human knowledge is our most vital stra
tegic asset. Education and training must be avail
able on a permanent basis, for everyone, not just 
for an elite. Thanks to distance learning, innova
tive training services can be developed at reason
able costs for large numbers of young people 
and workers. Moreover, in a linguistically and 
culturally heterogeneous region like Europe, 
solutions of this type foster cultural integration 
without weakening national differences. 

These are just some of the application areas 
mentioned in the Bangemann Report. Interest
ingly enough, seven of the ten applications are 
concerned wholly or to a large extent with the 

The Jndusf!.Jl's View 

public sector. In fact, applications relating to 
information highways and trans-European net
works can make a decisive contribution to 
improving the cost-effectiveness of many public 
services. Consequently, public authorities should 
monitor developments carefully, with a view 
to helping create the initial critical mass and 
virtuous cycle of supply and demand described 
in the Bangemann Report. 

EUROBIT and the 
Global Information Infrastructure 

EUROBIT, the organisation that represents 
the European IT industry and IT trade associa
tions, is ready to join forces with the European 
institutions in implementing a step-by-step 
approach, based on concrete applications, to 
promote the construction of the Information 
Society in Europe. 

EUROBIT intends to play an active role in 
promoting the Global Information Infrastruc
ture (G II) concept. In September 1994, it entered 
a tri-partite cooperation agreement with 
CBEMA and JEIDA, its sister trade associations 
in the USA and Japan. The accord provides for 
the definition of a common approach to the GIl 
on issues such as interoperability, intellectual 
property rights, protection of privacy, security, 
market access, etc., as support for the G7 Special 
Committee on G II to be held in Brussels in 
February 1995. 

Recognizing that it is in the nature of net
works to be global, this agreement is an impor
tant step towards more open communication 
and cooperation across the Triad. EUROBIT 
hopes that all European nations will promote 
development of a global Information Society 
where anyone can access information anytime, 
anywhere. Only a truly global, open approach 
will ensure the successful construction of the 
Information Society, with benefits for everyone. 

• 
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The Information and Communications 
Technology (ICT) Market in Europe 

1. Introduction 

Since its formative stages more than thirty 
years ago, the Information and Communications 
Technology (ICT) industry has stepped to the 
forefront of the European economy in terms of 
employment and productivity. The industry has 
injected more sheer wealth and vitality into the 
region's economy than any comparable indus
trial sector. It has outgrown, and will continue to 
outgrow, nearly every other business sector. 

The long-awaited European economic re
covery, which took root during the last months of 
1993 and accelerated throughout 1994, is inject
ing new life into the ICT industry. The dampen
ing effects of the negative business cycle in the 
past few years have dissipated. The I CT market is 
now poised for growth. 

The industry expansion has already made sig
nificant progress. The ICT market 1994 growth 
rate almost doubled its 1993 performance, and is 
expected to gain additional momentum in 1995. 

The level of ICT user sophistication has 
grown impressively despite the many hurdles 
that customers face. The constantly changing 
business environment has challenged informa
tion technology users attempting to develop a 
coherent plan for ICT investments. Erratic 
economic conditions, intensified global com
petition, and evolving management theories on 
technology use have all influenced user opinions 
on which I CT technologies and solutions are best 
to pursue. At the same time, vendors are offering 
more technological options than ever before. 

Despite this confusing environment, the 
improving economy has triggered a new-found 
confidence in future growth, and postponed ICT 
purchases are being converted into firm orders. 
Lower price points for commodity technology 
(especially in the personal computer segment) 
are helping to attract new demand segments such 
as Small Office and Home Office buyers. 

In addition, the ongoing movement away 
from legacy data communication solutions to 
local area network technology has led to buoyant 
growth for technology spending, particularly 
LAN communications hardware. The emergence 
of a new vision for the deployment of informa
tion technology (IT) hardware, software applica
tions and services is being driven by the need to 
generate a competitive advantage for the integra
tion of IT applications with business processes. 

The evolution of technology usage is in
creasingly centered around communications 
capabilities. While data communications are 
becoming more sophisticated, demand for ad
vanced telecommunications is still outpacing 
overall spending on IT. Major growth opportuni
ties are emerging in network services (especially 
data network services and mobile voice services) 
as the market for mobile equipment expands. 
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Table I
Western European*
In.lbrmation and
Communications
Technology QCf)
Market. 1994.
Billion ECUs**

Figure I
Western European
(EU & EFru)
In.formation and
Communicatiotts
Technologt QCf)
Market by Product,
I 994

1994 o/o of
IT ICT

Computer Hardware*+* 48 37.3 17.2

Office Equipment 8 6.3 2.9

Software 25 19.5 9.0

Services 35 26.6 12.3

HW Maintenance and Support 13 10.2 4.7

Total IT 130 100.0 46.0

Telecommunication Equipment 26 9.2

Telecommunication Services 126 44.8

Total ICT 282 100.0

Note: * Europe includes the l2 EU and 5 EFTA countries
(Switzerland, Austria, Sweden, Norway, Finland)
until the end of 1994.

** It should be noted that all figures have been rounded to
the nearest billion ECUs at 1993 constant exchange rates.
Total and percentages may not add up due to rounding.

*** Including data communications hardware.

As the ICT revolution advances, the value of
any individual computer (PC, minicomputer,
supercomputer or mainframe) will become a

function of its network accessibility.In addition,
the growth of information services will stretch
the concepts of applications and data, as IT
becomes increasingly embedded in business
processes. Data and applications will become
indistinguishable lrom each other. Software
without data will become obsolete, as will the
converse. Two notable effects of this ongoing
process will be the "depersonalization" of the
personal computer (the true value for IT users
will lie in the data available on their network).
and the growth of wireless information services
(by "publishing" companies who will custom:ze
the network experience to individual tastes).

The European Council's commitment to a

coordinated regulatory approach will ensure the
establishment of the most effective framework
for the advent of the Information Society, which
is expected to play a critical role in accelerating
ICT market development.

1.1. IT (lnformation Technology)
and ICT (lnformation and
Com m u nications Tech nology)
Market Size

The European ICT market reached 282 brl-
lion ECUs in 1994. Ofthis total, 130 billion ECUs
were spent on core information technology cate-
gories (including office equipment, electronic
data processing equipment, software, profes-
sional services, processing services, network
services, hardware maintenance and support).
Telecommunication equipment and services
accounted for the remainins 152 billion ECUs
of the market.

Total Value:
282 Billion
ECUs

Offrce
Equipment

3o/o

Telecoms
Equipment 9olo

HW Maint.
& Support 5olo

Source: EITO
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The Western European ICT market recovery 
accelerated in 1994 and expanded 5.1 %. The 
IT portion of the market alone nearly doubled 
the 2.0% rate in 1993 by climbing 4.4% in 1994, 
returning to the solid growth levels recorded 
in 1991. 

The debilitating effect of the recession, 
coupled with unt~wourable exchange rate move
ments for European currencies, reduced the size 
ofEurope 's ICT market relative to the worldwide 
market. At current exchange rates, Europe 
(including Eastern Europe) accounted for 32% 
of total worldwide ICT consumption in 1993, and 
remained almost identical in 1994. 

The sustained strength of the US ICT market 
was again the most striking feature of the world
wide ICT industry in 1994. ICT market growth in 
the US improved to 5.7% in 1994 and provided 
the strongest support for the worldwide market 
which expanded 5.6% for the year. While the 
Japanese ICT market declined once again in 
1993, the pace of the downturn moderated in 
1994, providing signs of a slight recovery that will 
lead to growth in the near future. In constant 
ECUs, the US accounted for 42% of the entire 
worldwide IT market in 1994, while Japan ac
counted for 17%. 

The ICT markets of the Four Tigers (South 
Korea, Taiwan, Hong Kong and Singapore) are 
still among the fastest growing in the world with a 
combined 1994 market growth ofl4.8% in ITand 
6.8% in Telecom. Korea and Taiwan dominated 
regional growth. Due to the relatively low rate of 
ICT technology penetration, the potential for 
market growth in this region remains strong for 
the long-term. 

1994 1993 1994 1995 
Value % % % 

Western Europe 130 31.4 30.4 29.7 

EU 113 27.5 26.5 25.9 

EFTA 17 3.9 3.9 3.8 

Eastern Europe 4 0.8 0.8 0.9 

us 179 41.5 42.0 42.2 

Japan 71 16.9 16.6 16.5 

4 Tigers 7 1.5 1.6 1.6 

ROW 36 7.9 8.5 9.0 

Total 426 100.0 100.0 100.0 

Note: 4 Tigers= Hong Kong, South Korea , Singapore, Taiwan 
ROW =Rest ofWorld 

1994 1993 1994 1995 
Value % % % 

Western Europe 282 31.1 31.0 30.9 

EU 246 27.2 27.1 27.0 

EFTA 35 3.9 3.9 3.9 

Eastern Europe 10 1.0 1.1 1.1 

us 319 35.0 35.0 34.8 

Japan 144 16.0 15.8 16.1 

4 Tigers 34 3.6 3.7 3.8 

ROW 122 13.4 13.4 13.4 

Total 910 100.0 100.0 100.0 

Note: 4 Tigers= I long Kong, South Korea, Singapore, Taiwan 
ROW =Rest of World 

Table 2 
Worldwide IT Marker 
by Region: 
Percentage Break
down Calculated 
on Market Values. 
1993-95. 
Billion ECUs 

Table 3 
Worldwide JCTMarket 
by Region: 
Percentage Break
down Calculated 
on Market Values. 
1993-95. 
Billion ECUs 
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Total Value :
910 Billion
ECUs

Eastern
Europe lolo

Rest of
World 130/o

Japan l6olo
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Figure 2
Worldwide
ICT Market
by Region,l994

1.2. lT and ICT Market and Current
Economic Situation in Europe

The correlation between GDP trends, invest-
ment in machinery and ICT expenditure has

been evolving as technology markets have
matured. Until the late 1980s, the European
ICT market was growing at a higher nominal
growth rate than the overall economy, closing
the penetration rate gap with the more advanced
US market.

Since 1989, however, growth rates have de-
clined for a number of reasons including:

- the higher penetration of ICT in the economy;

- economic recession;

more conservative investment policies
for the telecommunication infrastructure ;

- price erosion in the hardware industry;

cautious attitudes towards the financial
return on IT investment;

- postponed IT purchases due to changing
usage patterns;

- restriction of public administration spending.

Many of these factors also shaped customer
expectations and spending patterns in other
markets,, including North America. In Europe,
however, they provoked a much deeper reaction,
especiallywithin the IT market. The conservative
demand for IT products in Europe was driven
at least in part by the following behavioural
peculiarities:

Customers were probably going to compen-
sate for the overheated buying spree of the
1980s with less enthusiastic spending, even if
the most enervating recession in the recent
past had not occurred.

The recent heady market growth had created
a large stockpile of recent technology that
could tide customers over through the
economic downturn with relatively little new
investment needs.

- Prices had previously remained significantly
and artificially higher than in the United
States. Therefore, when the PC price wars
spread from the United States, prices were
able to fall much further, significantly carving
into the total dollar amount spent on com-
puters in Europe.

As a result of these market characteristics,IT
spending in Europe could not keep pace with the
combination of real GDP growth and inflation.
Meanwhile, in the US, customers weathered the
transition with more equanimity, and IT spend-
ing continued to outperform the expansion of
GDP (Figure 4). ln 1994, these trends, which
created a gap between the US and European
market growth rates, moderated: demand for IT
revived; the recession finally ended; and prices

reached a higher level of stabilization. Short-
term extrapolation of these trends confirms the
picture of an improving European recovery and
ICT market in 1994.
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Although economic upturns do not by them
selves create a healthy ICT market, it becomes 
more reasonable to expect they provide a reliable 
indication that an ICT market upturn is likely in 
the short term. Higher levels of business activity 
invariably lead to higher ICT usage in today's 
economy. 

Before discussing short-term ICT market 
trends, it is important to outline the major 
assumptions that underlie forecasts for the 
European economy. The following features char
acterize the European Commission's economic 
outlook: 

i. The Overall Economy: Buoyant exports and 
a more dynamic investment environment pro
duced a G DP expansion of 2.3% in 1994, and 
are expected to produce GDP growth of 3.0% 
in 1995. 

The main factors underlying the more upbeat 
growth outlook are: 

- a favourable international economic 
environment; 

- a restoration of business and consumer 
confidence; 

- benign household savings behaviour; 

- an expected improvement in the trade balance; 

- marked gains in cost competitiveness; 

- inflation, which abated in 1994, that is expected 
to achieve a virtually unprecedented level 
ofless than 3%. 

However, inhibiting factors still threaten 
stronger G D P growth rates. In particular: 

- employment levels continued to decline 
in 1994, and are not expected to stabilize 
until mid 1995; 

- the public budget deficits of individual 
countries are improving only modestly; 

- domestic demand remains weak. 

ii. Investment: Business investment will 
become the engine of economic growth. After 
declining in 1993, and increasing by 1.5% in 1994, 
it is expected to accelerate in 1995. 

Expectations for a relatively strong invest
ment upturn are based on a combination of fac
tors positively influencing investment decisions, 
including: a cyclical rebound; further improve
ments in business profitability; heightened 
export demand prospects; the implementation 
of incentive schemes designed to transfer public 
expenditure towards infrastructure investment 
and other growth-promoting capital investment; 
and a decline in borrowing costs. These factors 
have been weighing increasingly more heavily 
on investment decisions than the restraining 
influence of a low degree of capacity utilization 
and weak consumer spending. 

iii. Count1y variations: Both in the European 
Union and in the EFTA countries, the recovery 
will be widespread and cyclical movements will 
become increasingly synchronized. 

In the European Union, Denmark and Ire
land have recorded higher than average growth 
rates compared to the other nine member coun
tries that experienced expansion rates in the 
range of 1% to 3.6% in 1994. Further strengthen
ing will occur in 1995, when growth rates of real 
GDP will converge to the range of3.0%. 

The three-year recession in the EFTA coun
tries came to an end in the second half of 1993, 
and economic activity gathered momentum 
throughout 1994 producing a real GDP growth 
rate of2.5% for the region. The expanding econ
omy is gradually reducing the excess capacity 
within the business sector. GDP growth will 
average 2.8% in 1995. 

iv.Risks and uncertainties :With the economic 
upswing now underway, the uncertainty for the 
near future is not its sustainability, but rather its 
strength. There are both negative and positive 
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Figure 3
Western Europeon
GDP,lnvestment
and IT Market
ActualGrowth and
Forecast,
1990-r995

Source: OECD, EITO

risks to the projection of a moderately-paced
recovery over the next two years. However, these
risks are balanced, and for the first time in several
years, may actually favour the upside potential
of the economy.

The major factorwhich supports a more opti-
mistic outlook is the potential for a stronger-
than-expected consumption/investment cycle

that may emerge if businesses react more vig-
orously to improved demand and profitability
conditions. This possibility is supported by the
Community's investment promotion measures

and more positive perceptions of short to
medium-term growth prospects. In the same
vein, more pronounced reductions in the house-
hold savings rate (discouraged by lower interest
rates and inflation) could prove to be a boost to
additional domestic demand.

Downside risks arise from the following con-
ditions:

- tighter-than-assumed monetarypolicies;

a continuation of 1994 upward movements
in long-term interest rates;

a growing dependence on export markets that
could possibly reduce the chances of igniting
endogenous growth factors.

Weighting both the downside and upside
risks, the regional economy is expected to grow
3.20/o in 1996, and will help to gradually reduce
existing excess production capacity.
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Region 1993 1994 1995 

Western Europe 

GDP 3.2 5.1 5.5 

Investment -6.2 4.0 9.0 

IT 2.0 4.4 5.2 

ICT 3.7 5.1 5.9 

Germany 

GDP 2.7 5.2 4.9 

Investment -11.0 1.0 8.1 

IT 0.6 3.7 5.6 

ICT 3.2 4.1 5.0 

France 

GDP 1.4 3.5 5.0 

Investment -6.3 1.6 7.3 

IT 0.4 2.9 4.5 

ICT 3.7 5.8 6.4 

Italy 

GDP 3.7 5.3 5.7 

Investment -11.5 4.7 8.8 

IT -1.9 1.4 3.4 

ICT 2.4 4.4 6.5 

Source: OECD. EITO 

As a result of the recovery of worldwide and 
local economic growth rates, expansion pros
pects for the IT and communications markets 
have strengthened. The expansion of the Euro
pean IT market will be sustained in 1995 (5.2%) 
and is forecast to accelerate to a 5.8% rate in 1996. 

Region 1993 1994 1995 

UK 

GDP 5.5 5.7 5.8 

Investment 2.7 3.7 9.4 

IT 6.7 7.7 5.4 

ICT 4.2 5.6 5.3 

Spain 

GDP 3.4 5.8 6.7 

Investment -11.0 3.8 9.5 

IT -5.2 -1.2 3.6 

ICT -0.3 3.0 6.8 

USA 

GDP 5.4 6.0 5.7 

Investment 15.0 14.8 11.3 

IT 7.9 9.1 8.3 

ICT 4.9 5.7 5.5 

Japan 

GDP 1.0 1.6 3.1 

Investment -7.6 -6.5 2.0 

IT -6.1 6.1 7.0 

ICT -0.1 4.8 8.0 

The pace of the communications market expan
sion confirmed healthier conditions in 1994 
(5.7%). The market is expected to expand by6.5% 
in 1995. 

Growth in Greece will outshine other mar
kets as it reaches double-digit rates. 

Table 4 
GDP, Investment~ 
IT and lCTTrends 
(Nominal Growth). 
1993-95 

*Gross private 
non-residential fixed 
capital formation. 
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1.2.1. lT Trends

The signs ofthe European ITmarket recovery
that emerged over the last half of 1993 became

more prominent throughout 1994.The European
IT market expansion accelerated as business

and consumers regained confidence in future
economic conditions. Although growth may not
match the yeasty expansion ofthe 1980s, it is now
set to follow a more measured. realistic and surer
path.

The convergence of a series of mutually re-

inforcing positive factors related to increasingly
positive economic conditions, strong competi-
tion and increasingly sophisticated usage of IT
have driven the IT market turnaround.

i. Trends by country

The relatively healthy growth anticipated
for the European market in 1995, will be divided
unevenly across the region's individual markets.
The UK, Scandinavia and the least IT-penetrated
countries, Greece and Ireland, outperformed the
market as awhole inI994.Germanyand Benelux
recorded average growth, while the French mar-
ket lagged slightly behind the European average.

The benefit ofthe recovery did not yet reach Italy,
Spain and Portugal, but a significant market
recovery is expected in 1995.

Total Value:

Other EU
l2o/o

Source: EITO

1994 1994 1994/93 1995/94
Value o/o o/o o/o

EU 113 87 4.0 5,0

Germany 37 28 5.t 5.6

France 23 l8 2.9 4.5

UK 22 r7 7.7 5.4

Italy 12 9 r.4 3.4

Spain 5 3 -I.2 3.6

Other EU 15 12 5.3 5.7

EFTA 17 13 6.6 6.4

Western Europe 130 100 4.4 5.2

Figure 5
Western European
ITMarket by Country,
1994.
Billion ECUs

Table 5
Western European
IT Market by Country:
Percentage Breakdown
Calculated on Market
Values and Growth.
I 994-1 995 .

Billion ECUs
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Germany: recovery is under way 

Germany accounts for 28% of the total West
ern European IT market. As a result, short-term 
European market growth will depend on how 
rapidly German business confidence recovers. 

In 1994, German IT users' inclination towards 
renewed investment became more positive. 
Interest was particularly strong in the adoption 
of distributed architectures, new personal com
puting technology, and emerging IT products and 
services. However, a fundamental shift in the 
strategic use ofiT (based on recent worldwide in
dustry trends) failed to emerge as a high priority 
in IT planning. Instead, a hands-offapproach pre
vailed and significant investment decisions were 
postponed for the year. Much ofthis inaction was 
motivated by the uncertainties of the outcome of 
the lower house parliamentary election that took 
place at year's encl. 

The stabilization of the political and eco
nomic environment is expected to support the rise 
of more decisive, forward-looking planning on 
the part ofGerman IT users in 1995.The German 
IT market grew 3.7% in 1994. fn 1995, heightened 
IT user optimism and strategic planning will 
create a more dynamic market which will expand 
5.6%. 

France: a slow revival 

Against a background of a gradual, modest 
economic upswing, France's IT market grew just 
2.9°/o in 1994. The market continued to be among 
the weakest in Europe. 

Although the French IT market will improve 
over the next two years, its contribution to the 
total European market will remain min or. A 
modest response to improving demand and 
profitability prospects will maintain sluggish in
vestment in capital equipment, and IT market 
growth will be held to 4.5% in 1995. An accelera
tion is expected by the end of the year, when 
economic activity will be more vigorous. 

The ft~lormation and Communications 
Technology (ICT) l'vfarker in Europe 

Although the total hardware market in 
France is growing more modestly than elsewhere, 
the personal computer market has recorded a 
promising upturn both in unit volumes and 
value. However, price pressures and postponed 
contract renewals are curtailing growth of the 
IT services segment. 

United Kingdom: early market driver 

The UK market jumped out to an early start, 
and supported the total European market with a 
solid7.7% expansion in 1994. However, growth is 
expected to moderate towards the European 
average in 1995, with an expected 5.4% rate. 

The emergence of the Small Office/Home 
Otlice market was stronger than in other Euro
pean markets, driven by more sophisticated 
distribution channels and more confident PC 
purchasers. All segments in the software and 
professional services markets recorded strong 
gains, with a particularly stellar performance 
posted by facility management providers. UK IT 
users, in both the private and public sectors, have 
been among the most accepting of the concept of 
outsourcing. 

• 29 
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Italy: slowing pace 
of technology adoption 

After recording its first downturn in 1993, the 
Italian IT market gained back some of its vitality 
in 1994 with a modest 1.4% expansion. 

The Italian economy continued to be sub
jected to powerful opposing forces. The improve
ment of domestic demand was pitted against 
the uncertainties surrounding the pace of new 
economic public policy implementation.Against 
this background of uncertainty, investment in 
equipment did not revive and Italian IT users 
failed to exploit technology innovations.In 1995, 
bolstered by renewed consumer and business 
confidence, investment is expected to rebound 
vigorously. The IT market is forecast to more 
than double its growth in 1994 to reach 3.4%. 

Spain: slow recovery after sharp decline 

Three consecutive years of a downturn 
(- 1. 2% in 19 92,- 5. 2% in 19 9 3, and - 1. 2% in 19 9 4) 

followed several years of double-digit growth 
for Spain's IT market. Although a return to the 
heady growth rates of years past will not occur, 
an improvement to 3.6% is anticipated for 1995. 

The personal computer market dominates 
the Spanish IT hardware sector relative to other 
country markets. Yet, in 1994, Spain's PC market 
was still suffering from the lingering effects 
of the price wars and improved only marginally. 
A weakened software sector and a structurally 
underdeveloped services sector f~liled to accel
erate, and rounded out the overall scenario of 
stalled market growth in Spain. On the optimistic 
side, distribution channels are quickly evolving 
towards European standards and are expected 
to support market growth in 1995. 

The sluggish expansion of domestic demand 
that dampened economic growth in 1994 is also 
expected to rebound considerably in 1995, and 
will help to improve business confidence and 
interest in IT investments. 

Other countries 

The expansion of IT markets in the EFTA 
region and Denmark outperformed the Euro
pean average in 1994. Combined growth of the 
EFTA IT markets reached 6.6% in 1994 and is 
forecast to stabilize to 6.4% in 1995. Early adop
tion of new technologies and services, and newly 
found confidence in the business environment, 
drove growth in the Scandinavian IT markets. 
The Benelux IT markets, on the contrary, reacted 
slowly to the improving economic environment 
and performed below the European average in 
1994. Another modest growth pace is anticipated 
for 1995. In Portugal, the slow 1994 recovery is 
expected to be followed by a strong acceleration 
of market growth in 1995. The Greek IT market 
was able to achieve double-digit growth once 
again in 1994 (the only case in Europe) and is 
expected to sustain this record in 1995. The Irish 
IT market will maintain similar impressive gains. 

ii. Dynamics by product segment 

In 1994,a redistribution ofgrowth opportuni
ties occurred across all segments of Europe's IT 
industry. Expansion opportunities in 1993 were 
concentrated in the software and services sectors 
versus the traditional hardware markets. In con
trast, fast growing opportunities also emerged in 
the hardware sector in 1994- particularly within 
the personal computer segment and the datacom 
equipment market. 
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Figure 6
Western European
ITMarket
Value Growth by
Product Segment.
i,994-1995

Source: EITO

IT hardware: a return to higher growth

IT hardware revenues in Western Europe in-
creased by 3.10/o in l994,and a further improve-
ment in growth up to 4.90/ois anticipated for 1995.

Fortunately, positive factors are overcoming
negative factors to shape current demand trends
for hardware products.

The main inhibiting forces are:

the cautious corporate reaction to an im-
proved economic environment that continues
to hold back IT hardware investment plans;

the promising technological evolution of
large scale systems that is leading to a post-
ponement of purchasing decisions;

the downward pressure on prices, exerted
by heightened competition and shortened
life cycles, especially for personal computer
technology;
the decline in traditional datacommunication
hardware which is being replaced by Local
Area Network hardware.

The main positive factors include:
the expansion of new emerging markets such

as the Small Office/Home OfIice (SOHO),
comprised of business and consumerbuyers
that are attracted by new technology available
at lower price points;
the continued sustained growth of desktop
and notebook personal computers;
the simplified integration of small and
medium scale systems into Local Area
Network environments, enabled by new and
cheaper technology;
the rising demand from the traditional
business market for more distributed com-
puting technology (Unix-based systems,

client/servers, LAN hardware).

I
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Additional support for accelerating market 
growth comes from new product announce
ments, downpricing and the expansion of new 
alternative distribution channels that have 
fueled unit volume growth, especially for desk
top products. 

Within the multiuser systems market, the 
paths of the major product segments continued 
to diverge in 1994. The large scale systems market 
declined once again (but not as sharply as in 
1993). The weakening of the market resulted 
from price cuts, postponed purchases in antici
pation of new product announcements, and 
competition from midrange products. 

Meanwhile, the medium and small-scale sys
tems benefitted from movements towards more 
cost effective client/server computing. Medium 
scale systems recorded a higher than IT market 
average growth due to the downsizing from 
large-scale systems to smaller distributed com
puting, and the development of medium scale 
scientific/technical machines . However, migra
tion to smaller scale systems and LAN s had a 
negative effect on the medium scale market, 
while benefitting small scale products. 

Until1994 the small scale market was slower 
to benefit from downsizing than the medium 
scale market. This delay was partially due to the 
success ofPC-based LAN servers which gained a 
significant proportion ofinvestment funds which 
otherwise would have been spent on small scale 
systems. In contrast, the small-scale market is 
now the most promising multiuser market as 
price reductions are bringing small-scale systems 
solutions closer in line to the prices of solutions 
based on PCs. Moreover, the movement toward 
open systems standards for non-Unix machines 
continued both at the interface and operating 
system level. 

In the personal computer market, a multitude 
of factors continued to drive growth (which was 
especially strong in the UK, France and the 
EFTA markets): lower costs; wider consumer 
acceptance; high i performance processors; 
smaller, cheaper, and higher quality notebooks; 
downsizing and client/server computing; devel
opments in operating systems which accelerated 
upgrades; the increasing popularity of workgroup 
applications; an increasing sophistication of dis
tribution channels; and new market entrants. 

Within the PC printer market, the transition 
from impact printing to non-impact printing 
is now coupled with the transition from mono
chrome to colour output. The most notable 
trend in 1994 was that growth in colour-capable 
ink-jets was superceeded by the growth of the 
market for colour non-impact printers. 

The LAN hardware market strengthened in 
1994 as heightened pressure on prices prompted 
greater quantity purchases, retirement rates in
creased after shortened life cycles, and prices for 
networking stand-alone PCs dropped. 

Meanwhile, sluggishness in the traditional 
office equipment market was countered by the 
emergence of new technologies which integrated 
new features which attracted new customers, 
particularly in the copier market. 

Demand for copiers will be characterized 
by two major trends that will create significant 
market growth opportunities, especially during 
the latter half of this decade: requirements for 
digital technology, and the shift toward colour 
equipment. The majority of copiers currently 
sold worldwide are based on analog technology 
whereby the image of the original is transferred 
through an optical process directly to paper. 
In the future, copiers will instead use a digital 
process to form an electronic image which can be 
manipulated in various ways. For example, users 
will be able to transmit images electronically via 
fax and electronic mail. In addition, users will I 
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be able to edit, add more images, and store
messages electronically with significantly en-
hanced reproduction quality. At the same time,
as more offices enhance their capabilities of
producing colour originals, greater demand will
result for colour printing, copying and trans-
mission.

Software products: strong upward trend

Software products remained among the
strongest drivers of European IT market growth.
Software revenues rose 6i0/o in 1994 (after
recording its lowest historical rate in 1993) and
are set to strengthenT.60/o in 1995.

Both the 1994 recovery and optimistic ex-
pectations for 1995 are grounded mainly on the
rapid growth of the application tools and appli-
cation solutions segments of the systems soft-
ware market. In spite of expected healthy 6.20/o

in 1995 and6.60/o through I996,the system-level
software share of the total software market is
expected to decline.

The rapid growth of the application solution
market is based on the following positive con-
ditions:

sustained demand for client/server and
distributed packaged applications ;

widespread exploitation of new applications
for workflow automation ;

an increasing penetration of Unix platforms;

an improved access to information;

information integration ;

new multimedia features ;

the growing success of object-oriented
programming.

Likewise,high growth rates ofthe application
tools market are mainly driven by:

the trend towards client/serverarchitectures ;

technological evolutions (such as the
transition to relational databases, object
orientation, etc.).

Demand is rising for client/server tools as

organizations search for methods to enhance
productivity, reduce costs, optimize resource
utilization, and migrate to more flexible and
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scalable computing architectures. Object-oriented 
languages will also see rapid growth due to their 
ability to provide a more intuitive and flexible 
basis for application development. 

The system-level software market is expected 
to maintain growth based on the following 
factors: 

- the emergence of new technologies that sig
nificantly decrease costs associated with appli
cation portability, reusability, extensibility; 

- the increased availability of integrated tools 
that successfully generate high-intensity 
complex distributed applications; 

- an expected sharp increase in end-user de
mand for higher levels of data center auto
mation across disciplines such as operations 
management, performance management, 
problem management, and change manage
ment. 

However, system-level software demand is 
expected to grow less aggressively than other 
sectors because the following moderating forces: 

- the instability of prices, which remains high; 

- continuously eroding demand for mainframe 
and minicomputer operating systems; 

- lower price points for "open" operating sys
tems and newer advanced operating systems 
which will continue to reduce margins in the 
largest segment of the system-level software 
market. 

The object-oriented market will be the most 
active portion of the systems software market, 
and demand will be centered on technical appli
cations (e.g.,CAD/CAM),and workgroup appli
cations like office automation. The dominant 
users are independent software vendors (ISVs) 
who have chosen to build C++ as their preferred 
language primarily because they were already 
programming in C language. The second most 
dominant group of consumers is the advanced 
technology users in large corporations. 

The markets for analysis and design tools, 
as well as object databases, mirror the object
oriented programming market. These markets 
and their associated products are still in the early 
stages of development. The broader market of 
commercial end-user organizations, the MIS 
(Market Information Service) community, will 
determine the strength of the object technol
ogies market. 

Further details on software market trends are 
provided in the Appendices. 

Services: a European strength 

Professional services 

The professional services market halted a 
three-year deceleration by growing 7.8% in 1994. 
The economic recovery undoubtedly played a 
key role in this upturn, as the services market in 
faster growing economies (Sweden, UK., etc.) 
outperformed the market in other countries 
which slowly recovered from the recession 
(France, Germany, Italy). Yet the variation of 
services market strength across countries is not 
only due to the disparity of national economies, 
but also is due to the diversity of attitudes toward 
outsourcing and facilities management and the 
speed of migration towards new architectures. 

More specifically, the following observations 
help to define the European professional serv
ices market: 

1994 stole the title of "the year of out
sourcing" from 1993, as revenues improved 
upon the double-digit growth. The evolution 
of users' requirements was noteworthy. The 
market was boosted by a number of large 
contracts, especially in the United Kingdom, 
Sweden, and France. 

- Education and training services had a 
respectable year with 8.4% growth, in spite 
of users' tendency to "sacrifice" training 
expenses in times of DP budget constraints; 
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Custom software services maintained a 
lower-than-average market performance 
with 5.4% growth (even though this doubled 
1993's growth rate). Increasing competition 
from packaged solutions providers negatively 
affected demand. Software migration, pack
aged solutions integration services and soft
ware maintenance, though representing 
major growth opportunities, are still limited 
markets at this stage. 

- IT consulting experienced mixed success. 
User demand was strong (especially in the 
UK, the Netherlands, and Scandinavia) and 
revenues expanded 6.4% growth, yet com
petition was extremely fierce and constrained 
the financial success of market providers. 

The evolution of the market is characterized 
by a series of key trends specific to individual 
market segments: 

The IT consulting market will increasingly 
leverage the link between management and 
IT related issues. User corporations will in
creasingly focus on how to perform and im
prove business processes, rather than simply 
rolling out information technology for de
partment or enterprise use. Business Process 
Reengineering (BPR) services are already 
beginning to address this need and will re
present an ever growing share of the services 
market. 

- Under increasing price pressure, the custom 
software development services market will 
continue to lose market share. 

- Software maintenance and packaged soft
ware-related services will provide opportuni
ties for players wishing to reposition them
selves in the market. In addition, other 
service providers will find success with 
software development projects specifically 
addressing the complexity of distributed 
environments. 

The Information and Communications 
Technology (JCT) Market in Europe 

Customers will exert considerable pressure 
to increase the value gained from their invest
ment in training. This pressure will be most 
prevalent in leading-edge technological fields 
such as client/server computing or object
oriented development. Furthermore, de
liverymethods oftraining services will evolve 
with the development of technology-based 
training (i. e. multimedia applications and 
computer-based training). 

- Outsourcing will continue to outpace all 
other market segments. Although centralized 
outsourcing will remain dominant, outsourc
ing services addressing distributed environ
ments will emerge as a key to solving the prob
lems often linked to chaotic, distributed ar
chitectures and unstable business structures. 

- Training will also become a key component 
of the PM offering as "migrating IT staffs" 
specializing in specific IT infrastructures 
become more crucial. 

Further details on professional services 
market trends are provided in the Appendices. 

Network services: a strong market, 
but still not booming 

The market for network services still com
pares positively with the growth level of all IT 
services in general. This sector, which includes 
managed network services such as ED I and 
electronic mail services, grew 12.3% in 1994, and 
is forecast to expand 13.9% in 1995. Network 
services are expected to remain among the 
fastest growing segments of the entire IT market. 

The strength of the market is not surprising 
since the network is becoming the core utility for 
most user organisations. Opportunities in the 
area of network outsourcing are also re-emerging 
as telecom managers fear losing control over 
their own networks. Network service providers 
offer telecoms a better chance to monitor and 
control their portion of the network through 
network outsourcing contracts. 

• 35 
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Support services: reflecting the 
diverse trends in the IT hardware market 

The market for support services continued to 
decline in 1994 by falling 1.2%. However, support 
services still generate the largest revenue of any 
other services segment. The market decline is 
expected to stop in 1995, slipping 0.0%, and will 
slightly increase in 1996 (0.3%). The following 
factors are the major causes of the sharp market 
decline in the recent past and the predicted 
stagnation: 

increased product reliability; 

longer warranties; 

increased competition in the services 
marketplace; 

increased margin pressures as prices decrease. 

Each of these "attributes"affected technology 
segments within the services market differently. 
For example, support services for personal com
puters were affected more deeply by longer 
warranties than were support services for multi
user systems. The same is true for increased 
margin pressures. Personal computer prices have 
continued to spiral downward, making it in
creasingly diiTicult to cover the costs of services 
that are provided. 

Despite the pressures of price competition, 
services for personal computers still offer the 
greatest opportunities out of all technology plat
form-based support services. A distant second, in 
terms of growth, is support services for the small 
scale systems platform. Meanwhile, support 
services for large and medium scale systems are 
declining sharply. This comes as no surprise as 
the replacement of legacy systems with distri
buted processing (client/server) environments 
gains momentum. While the installed base of 
small scale systems and personal computers 
expands, the base of large scale systems will 
continue to deteriorate. 

iii. IT user perspectives 

The start of the long-awaited European 
economic recovery, coupled with a constantly 
changing business environment has challenged 
information technology users attempting to de
velop a new and coherent plan for IT investment. 
Erratic economic conditions, intensified global 
competition, and evolving management theories 
on technology use have all influenced user opin
ions on which IT solutions are best to pursue. 

Nevertheless, executives' IT focus has shifted 
toward competitiveness issues. Similar to last 
year's findings, improving competitiveness and 
integrating central and end-user resources into a 
single enterprise information system remain the 
top two objectives of IT investors. However, 
compared to one year ago, only the competitive
ness and cost controlling issues have notably 
strengthened. The growing prevalence of man
agement strategies emphasizing the enabling 
aspects of information technology, as opposed to 
its cost-saving and automating features, will also 
support the growing interest in the potential 
impact IT has on a business' competitiveness. 

The reorganisation of companies during the 
recent global economic downturn turned the at
tention of IT users toward boosting productivity 
while reducing costs. However, the strengthen
ing of the economy and a vigorous pursuit of 
competitive positioning, has boosted the willing
ness of business executives to raise their IT 
expenditures. 

The issues that are being faced by user organi
zations and the role which IT will play in meeting 
their key business challenges and objectives in 
the future vary from one country to another. The 
diversity of needs and of local IT usage attitudes 
continue to make the European market distinct 
from the other major worldwide regions. For 
example, as Table 6 shows, the level of adoption 
of client/server computing varies significantly 
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Moving or Planning Unsure/ 
%sites have moved to move no plans 

% % % 

Germany 23.5 19.3 57.3 

France 29.1 15.3 55.6 

UK 22.3 18.7 58.9 

Italy 24.2 13.4 '62.4 

Benelux 22.7 14.5 52.8 

Sweden 38.8 18.8 42.4 

W. Europe 26.1 16.9 57.1 

across countries: the most economically-mature 
countries are forging ahead with their commit
ment to client/server computing. 

1.2.2. TLC (Telecommunications) 
Market Trends 

The European telecommunications services 
and equipment market recorded a healthy 5.7% 
expansion in 1994, reaching a total value of 
ECU 152 billion. The market is expected to 
grow 6.5% in 1995. 

User spending on communication products 
and services outpaced expenditures on informa
tion technology. This trend is I ikely to continue as 
major areas ofopportunity emerge in mobile and 
data network equipment technology, and in wide 
area and local area network services. Their share 
of users' budgets is increasing at the expense of 
the hardware share. 

The telecommunication equipment market 
declined by 4.5% in 1994, to a total of ECU 26 
billion. 

The h(/(mnation and Communications 
Technology (JCT) Market in Europe 

A major growth opportunity in the customer 
premise equipment segment undoubtedly arises 
however from the transition of users to mobile 
access. The market tor mobile equipment is a 
fast growing portion of an otherwise slow tele
communications market. The market for service
providing equipment is currently under pressure 
from weakening demand as public telephone 
providers continue to cut budgets available for 
equipment investment. The mobile services 
equipment market provides the only growth 
opportunities. 

The voice and data network services market is 
the largest segment ofthe European telecommu
nications market. The network services market 
grew 8.3% in 1994, reaching a total of ECU 122 
billion. A number of key trends supported the 
network services market expansion, such as: in
tense competition for international services; the 
migration to high speed technologies (i.e. ISDN, 
ATM); the swift adoption of mobile services; a 
shift towards managed data network services; 
and the liberalization ofbasic network services. 

The transition towards a Community-driven 
European information society is expected to 
accelerate public and private investment in the 
telecommunication infrastructure and in the 
development of applications to make the usage 
of those networks effective and widespread. This 
is led by the firm and universal belief that tele
communications liberalization is fundamental 
to the creation of a genuine European Union. 

i. Trends by country 

Due to the varying degree to which each 
country has established national regulations and 
protection, growth of the European communica
tions market is following a complicated pattern. 
Although users, service providers and network 
operators universally desire the best and most 
efficient services that would arise from the full 
opening ofEuropean markets, the current agree
ment on joint industry policies and common 
regulations for the future are still too limited. 

• 
37 



38 

European Information Technology Observatoty · EITO 95 

Given the degree of adjustments that were 
needed to achieve the first step toward the 1998 
target of full competition in voice services under 
the 1987 Green Paper agreement, Europe has 
come a long way on the "pro-competitive" path. 
Yet the targeted date is still demanding in light 
of the progress that needs to be made toward a 
full transition - particularly the adjustment of 
prices to more accurately mirror costs. Europe 
faces a formidable challenge in reaching its goal, 
as it plans to complete the task in less time than 
it took both the US and the UK. 

The actions taken up to 1998 will be the first 
step in the path towards full network competi
tion. The 1995 Green Paper is expected to pro
vide a clear review of this transition. The promo
tion of open competition, not only at the service 
level, but also at the facilities level, is aimed at 
achieving a true market clearing price for the pro
vision of network services. The encouragement 
of competition between networks creates the 
incentive to accelerate the pace of technologies 
to ensure the most reliable service for European 
businesses and consumers. All the evidence, in 
fact, points to the fact European users desire 
more choice in telecommunications providers 
and believe that such a choice will improve qual
ity, reduce costs and increase the efficiencies and 
international competitiveness of their business. 

Each European country is progressing at its 
own pace towards the telecoms policy goals set 
by EU authorities, with the UK, Germany and 
France blazing the trail. 

1994 1994 1994/93 1995/94 
Value % % % 

EU 133 88 5.9 6.8 

Germany 42 28 4.4 4.5 

France 24 16 8.7 8.2 

UK 24 16 3.8 5.3 

Italy 16 11 6.6 8.8 

Spain 9 6 5.4 8.6 

OtherEU 17 11 8.1 9.8 

EFTA 19 12 4.7 4.8 

Western Europe 152 100 5.7 6.5 

Germany: flat growth 

The German telecommunications market is 
the largest in Europe, accounting for a 28% share. 
In 1994 it grew by 4.4% and is expected to expand 
by 4.5% ·in 1995. The telecom network services 
market, in particular, is the fastest growing in 
Europe. 

After the unusual large investment in tele
com infrastructure in the new federal states, tele
coms investment started to decrease in 1993. 
Spending on new equipment is likely to remain 
flat through the middle of the 1990s. Supporting 
the market are a healthy growth in the packet 
switched telephone networks market, a booming 
mobile market (led by competition-driven price 
cuts), and an exploding ISDN market. This 
strong trend has developed despite persistently 
high tariffs (especially in the PSDN service). 
The number of installed connections is behind 
plan as demand for PSDN services runs ahead of 
supply. 

Table 7 
Western European 
Telecomm un ica tions 
Market by Region: 
Percentage Break
down and 
Growth Calculated 
on Market Values. 
1994-1995. 
Billion ECUs 
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France: advanced technology, 
delayed deregulation 

The French telecommunications market is 
characterized by high user investment and a large 
number of service and equipment suppliers. The 
French Administration's gradual approach to 
competition was coupled in 1993 by the develop
ment of provider partnerships. As a result, the 
liberalization process is still among the slowest in 
Europe. Nevertheless, the French market boasts 
advanced features, and has maintained a leader
ship position in using new technologies. France 
is now the second largest ISDN market in Europe 
after Germany, and the largest packet switching 
data networks market. Enhanced fax and X.400 
services have high penetration. On the other 
hand, mobile services were first introduced in 
1993, and have been confined by very high tariff'>. 

The French telecommunications market 
grew 8.70/o in 1994 and is forecast to grow 8.2% 
in 1995. 

United Kingdom: making the most 
of competition 

The UK has benefited from strong competi
tion for over ten years. Currently, there are more 
than 140 public telecom operators, including 
more than 40 cable television companies, that are 
allowed to offer telecommunications services. 
As a result of the liberal market environment, 
customers have benefited from improvements in 
service quality. UK businesses now have 
amongst the lowest telecommunications tariffs 
in Europe and the widest range of services. This 
favourable situation is one of the f~lctors that 
attracts investment towards the telecommuni
cations market within the LJ K. 

This deregulated market has created the most 
intense competition in Europe and has gener
ated a high level of IT penetration among its 
sophisticated users. The favourable business 
outlook ensures that competition in the LJ K 

The lnlnrmarion and Comlllllllicarions 
Techn;)/ogy (ICT) Marker in Europe 

will remain intense. However, price competition 
and a high technology penetration rate lead to a 
weaker telecommunications revenue growth 
rate in Europe versus the European average: the 
UK telecommunications market grew 3.8% in 
1994 and is forecast to expand 5.3% in 1995. 
Improvement in 1995 will be primarily driven 
bv the ISDN market and the market for mobile 
s~rvices, which account for a substantial portion 
of the UK network services market. 

Italy: possible delays in reaching 
European level 

Italy continues to hold one of the lowest rates 
of penetration ofboth telecommunications lines 
and digital technology. Despite the commitment 
of the public telecommunication operator to ex
pand and promote (with lower tariff5) the usage 
of the PSTN, PSDN and the ISDN networks, 
growth of the Italian telecommunications mar
ket has not reached the European average. The 
telecommunications market grew 6.6% in 1994, 
and is expected to increase 8.8% in 1995. 

Fast-growing segments include mobile voice 
equipment and services. In particular growth in 
mobile communications is speeded up by the 
presence of a second operator. The ISDN market 
is surging and is forecast to grow exponentially as 
existing users shift away from leased lines to 
ISDN and new market demand is tapped. The 
data network services market suffered from de
lays in the introduction of a new law regulating 
competition in data transmission, outsourcing, 
and value added services. 
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Figure I
Western European
Tblecommunications
Market Value Growth
by Product Segments.
1994-1995

Spain: a lot of room {or growth

Frozen by the poor socio-economic con-
ditions, Spain's communications market is still
underdeveloped for a country of its size. Given
the low penetration rates there is still a plenty of
room for growth. Yet, despite a poor infrastruc-
ture both in size (a low number of connections)
and quality (a low proportion of digitalization),
investment in equipment has failed to expand
and innovative network services development
has been slowerthan the European average.The
overall state ofthe Spanish economywill govern
much of the anticipated trends.

The market expanded 5.40/o in 1994 and is
forecast to increase 8.60/o in 1995.

The PSDN network is successfullyexpanding
(with 47 new network centres and a l4olo increase
in the number ofnew applications),while ISDN
services have been made available in the major
business areas.In 1995, the extension ofprimary
access to ISDN throughout the country should
be completed.

Other aountries

Among other European countries, Nether-
lands and Benelux are experiencing relatively
stronger growth. Portugal and Greece stand out
for their swift efforts to modernize their tele-
communications markets. In contrast, Sweden
and Finland are among the countries still ex-
periencing declines. Ireland, Austria, Norway,
and Switzerland are also experiencing sluggish
growth compared to the European average.

0.0

- 5.0

- 10.0

Service Providing
Equipment

Customer Premises Data Network
Equipment Services

Voice Network
Services

Installation &
Maintenance
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ii. Trends by product segment 

The fastest growing segments of Europe's 
communications market are wide area network 
services, and mobile equipment. Spending on 
network services, mobile services and switched 
data services were both growing more than 30% 
in 1994. Mobile equipment expanded 9% last 
year. 

Communication equipment: 
growth opportunities outshine negatives 

The major growth opportunity in the cus-
tomer premises equipment segment is created 
by the user shift to mobile access. The market 
for mobile equipment (earphones, cordless 
phones, handhelds) is a fast growing portion of 
an otherwise slow performing telecommunica
tion segment. 

Price erosion and discounts have eroded 
the PABX market to an extent that the sales of 
equipment are only relevant for their additional 
installation and maintenance revenue . 

User spending on terminal equipment 
(phones, faxes, etc.) will be grow by slightly more 
than 1% annually over the next few years. 

Products incorporating new technologies, 
such as ISDN, ATM and Frame Relay will drive 
new market growth. In addition, mobile technol
ogies such as GSM and DCS will give the already 
fast growing mobile market another boost. 

The above trends will result in a modest 1.1 % 
gain in 1994, to bring the total market value to 
ECU 11 billion. Growth of 1.2% is projected 
for 1995. 

The hzformation and Communications 
Technology (ICT) Marker in Europe 

The market for service providing equipment 
is under pressure , as public telecommunication 
operators continue to reduce their budgets avail
able for buying this equipment. In particular, the 
market for the provisioning of equipment for 
traditional voice services has been weak. On the 
bright side, equipment for providing mobile 
services is selling well. Future opportunities 
for the public telecommunication equipment 
market lie within the software and services 
segments of the market , and within the market 
for data/voice and video server equipment. 

The equipment market for service provision 
declined 8.1 % in 1994, and totalled ECU 15 
billion. The market is expected to slip another 
7.6% in 1995. 

Voice network services: 
mobile driving growth 

The market for voice network services to
talled ECU 103 billion in 1994, making it by far 
the largest communications segment. The mar
ket gre\! 7.5 % in 1994, and is due to increase 8.0% 
in 1995. The major area ofopportunity lies within 
the booming mobile voice services market, 
which is driving the segment's growth, due to the 
EU liberalization . 

The installed base of PSTN connections in 
Europe has been growing by 4% per year on aver
age in 1994 and 1995. It is expected to maintain 
the same growth pace over the next few years to 
reach a total of204 million connections in 1997. 
Connections to mobile services grew by more 
than 35% in 1994. 

Data network services: 
the highest growing segment 

The rapid increase in the number of con
nections has driven the data network services 
segment to the highest rate of growth in the tele
communications. This segment totalled ECU 
19 billion in 1994, growing 12.3% from 1993 and 
growth in 1995 is expected to improve to 13 .6%. 
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Ve rtical market Germany France 

Finance 3.2 2.9 

Discrete manufacturing 2.8 2.3 

Process manut~1cturing 2.8 2.4 

Trans/comm/util 2.2 2.7 

Retail 2.9 2.3* 

Wholesale 2.6 2.3* 

Health care N/A 2.3 

Education 3.4 2.0 

Local Government 2.0* 1.9 

Central Government 2.0* 

Services 3.2 2.7 

Other 2.2 

Total 2.5 2.2 

Scale of J to 5, wl1cre 1 is not important and 5 is very important 
*Average of' the segments 

The key drivers of the market are: 

a shift away from fixed point-to-point con
nections to high speed switched data services; 

the introduction of flexible cost structures 
for users; 

a shift away from analog services towards 
d igital services. 

Some of the highlights of the segment in-
clude: 

The combined number of connections to 
wide area data services in Europe totalled 
4.4 million in 1994, and is expected to grow 
to a total of 6.2 million in 1997. During this 
period the penetration ofWAN connections 
per LOOO screens will increase from 107 in 
1994 to 130 in 1997. 

UK 

3.0 

2.8 

2.3 

2.3 

2.8* 

2.8* 

2.2 

2.3 

2.1 

0.1 

2.6 

0.0 

2.3 

Italy Benelux Sweden 

2.1 1.2 N/A 

1.5 1.2 2.9 

1.4 1.3 2.6 

2.0 2.0 2.6 

1.8 1.1 2.4* 

1.8 1.4 2.4* 

1.3 N/A 

1.5 2.0* 

1.5* 2.0* 

1.5* 2.0* 

1.9 1.4 2.3 

1.1 2.2 

1.4 1.2 2.3 

Within the wide area data network service 
market, switched services like ISDN and 
PSDN services are continuing to grow at a 
fast pace. In particular, the market for PS ON 
is increasing as users are moving to flexible 
data communication solutions. 

Connections to leased circuit services are 
growing at a slower pace as users move to 
virtual private network services. 

- The market for CSDN services is decreasing 
as users are moving to PSDN services or 
ISDN services. 

The market for leased circuit services is 
sluggish as end-users move away from 
privately owned lines to shared high-speed 
switched services. 

Table 8 
Usage oj'/SDN 
bv Verrical Market. 
/994 



Table 9 
IT Penetration 
hy Count1.v. 1993. 
ECUs 
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IT/ IT Per 
GOP Capita 
0/o ECUs 

Western Europe 2.07 326 

EU 2.04 312 

EFTA 2.19 416 

Germany 2.41 434 

France 2.09 387 

UK 2.50 344 

Italy 1.37 204 

Spain 1.14 119 

Austria 1.67 326 

Belgium/Luxembourg 2.00 353 

Denmark 2.48 552 

Finland 2.18 304 

Greece 0.70 42 

Ireland 1.71 187 

Netherlands 2.35 405 

Norway 2.62 536 

Portugal 1.27 82 

Sweden 1.04 487 

Switzerland 2.42 699 

us 3.05 634 

Japan 1.86 536 

Source : EITO. I DC. OECD 

Installation and maintenance: 
slow, but dynamic 

PC/ 
White 
Collar 

0.72 

0.72 

0.73 

0.79 

0.60 

0.73 

0.50 

0.44 

0.60 

0.77 

0.73 

0.52 

0.40 

0.59 

0.85 

0.97 

0.40 

1.13 

0.61 

0.83 

0.23 

The installation and maintenance market 
grew 3.4% in 1994, totalling ECU 4 billion. It is 
forecast to grow 3.5% in 1995. 

The 11(/bnnation and Communications 
Technologv (ICT) 1\!/arker in Europ !? 

iii. TLC Users Perspectives 

An interesting way of studying the charac
teristics of communications expenditures by 
vertical markets is represented by the analysis 
ofthe level of usage ofiSDN. 

IDC carried out a survey among large IT user 
sites in Europe, asking users to rate the intensity 
of usage of ISDN on a scale of 1 (no use) to 5 
(very heavy use). The results show that in 1994 
the most intensive user ofl SDN is the finance 
sector, followed by discrete manufacturing and 
retail/wholesale businesses. The public sector 
(central and local government, health and educa
tion) is generally characterized by a less intensive 
usage ofiSDN compared to the private sector. 

IS ON usage profiles also change by country. 
The most ISDN -intensive users are found in 
Germany (2.5 rate) , the UK (2.3 rate) and Sweden 
(2.3 rate). The usage intensity in France is also 
quite high (2.2 rate). In contrast, the usage rates 
in Italy and Benelux are very low (1.4 and l.2 
respectively) due to the relatively late develop
ment of their ISDN infrastructure. 

1.3. Europe as Consumption Area 

1.3.1. IT Penetration 

In terms of IT penetration, the gap between 
industrialized and recently developed countries 
has further deepened during 1994. 

i. Intensity of IT penetration 

IT development has always followed dif
ferent patterns of growth, reflecting each state's 
broad industrial evolution. Countries where 
industrialization came first generally have higher 
productivity through heavier investment in high 
technology over a long period. Thus Germany, 
France, and the Cnited Kingdom have tradi
tionally led Europe in adoption ofiT. They have 
been overtaken only by countries, mainly in the 
Nordic region, using industrial policy to speed up 
IT usage. 
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Figure 9
IT(GDP and
IT per Capita
in W'estern Europe.
1993

By contrast, the pace of IT uptake in more
recently developed European countries is a
question ofreducing the technology gapbetween
theirown industries and those ofthe most devel-
oped states.

General economic problems - lack of demand
and rising interest rates - have weakened the tra-
ditional drivers of IT penetration. IT adoption
has slowed in all European countries over the
past fewyears.In particula\L992 and 1993 saw a
fall in IT market growth steeper than the decline
in GDP growth. As a result,IT penetration has
suffered a setback Europewide.

The change occurred in 1994. The relatively
healthy growth recorded by the European IT
market lrn1994 and the trends anticipated in 1995
have set the growth pace for the IT market back
again at a higher level than the rate of growth
of the European economy.

Consequently, for the first time after three
years of decline, the level of competition in the
European economy - measured in terms of
growth of IT-intensive investments and expen-
diture - is growing.

However, this growth is divided unevenly, as
stated previously. The U.K., France, Gerrrany,
and Scandinavia IT markets have outperformed
the nominal growth oftheir national economies.
At the opposite extreme, the southern European
IT markets of Italy, Spain, Greece, and Portugal,
despite a level of IT penetration far behind
the most advanced European countries, are still
underperforming relative to their national
economies.

Atwo-tierEurope in terms ofgrowth ofhigh-
tech penetration is emerging, with a polarization
of IT penetration occurring behileen the most
advanced markets and the least IT-intensive
countries. The latter are increasingly further
from reaching competitive IT penetration levels.

fu-'.
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Figure 10
IT/GDP versus
per Capita GDP
in Western Europe.
/,993

Figure 10 shows the result ofthis polarization
process through the correlation between the
level of development of a national economy
(measured by the level of per-capita GDP) and
the level ofITpenetration (measured bythe ratio
of IT expenditure value to GDP value). Coun-
tries with higher levels of GDP per capita also

have higher levels ofIT penetration. Later-devel-
oping economies at lower levels of both wealth
per capita and IT usage are further from reaching
IT saturation.

ii. Concentration in the lT market

Concentration of the European IT market
has continued to decrease, according to 1993

indicators.

The combined market share of the top five
European vendors declined from 360/o in 1992to
340/o ln 1993. A dozen years ago, in L982, these

vendors held slightly more than 500/o of the mar-
ket. Similarly, the number of companies whose
combined market share accounts for some 400/o

of the European market demand for IT increased

from seven to eight.

Again, the overall European figure hides big
national differences in concentration (figures are

for data-processing sector only, excluding office
products):
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Number of Companies 

1992 1993 

Italy 2 2 

Austria 3 4 

Greece 4 3 

Finland 4 4 

lreland 4 6 

Germany 4 6 

Portugal 4 3 

Denmark 5 4 

Norway 5 7 

Spain 5 5 

Netherlands 6 5 

Europe 7 8 

Belgium 7 6 

Switzerland 7 7 

France 8 9 

Sweden 9 8 

United Kingdom 9 10 

These variations stem from differences in the 
rate and structure of growth, plus some peculiari
ties of IT customer attitudes. 

A polarization process comparable to the one 
between more IT-intensive countries and less 
IT-intensive countries is occurring for level of 
competition, too . Competition is growing more 
steadily in the more IT-advanced countries and 
decreasing more steadily in the least IT-advanced 
ones. 

Concentration in the software market 

Still much more fragmented than other seg
ments of the IT industry, the packaged software 
market is experiencing increasing concentration. 
The top 70 vendors constituted more than 63% 
of the market in 1993. 

Taking the large number of segments - sys
tem-level software, application tools, application 
solutions - and subsegments (e. g., CASE, 
accounting software) into consideration, the 
packaged software market appears to be less 
fragmented. 

System manuf~1cturers are the market 
leaders, with a share of 31% or the market; of 
the top ten players on the European packaged 
software market, six currently are system manu
facturers. However, their market shares are not 
evenly distributed throughout the European 
countries. In some countries -Germany, Italy, 
Spain - the system manufacturers command 
much higher market shares than in other coun
tries - France, Switzerland, the Netherlands. 
System manufacturers are expected to hold their 
market share in the forthcoming years. 

The success of system manufacturers depends 
on the following: 

technology ownership; investment capacity, 
knowledge, and human resources; 

international presence and infrastructure; 

- account control; 

capacity to provide global integrated solutions. 

The success ofindependent software vendors 
depends on a number of competitive advantages: 

global market and strategic scope; 

superior know-how in distribution 
management; 

financial capacity; 

economies of scale and experience derived 
from a large domestic market; 



Parr One ·EITO 95 

widespread adoption of own technology; 

international presence to service customers; 

global infrastructure; 

coverage of a large number of vertical 
markets; 

investment and risk management capacity 
and cost advantage. 

The management of high levels of risk, the 
necessity to operate on an international basis, 
the increasing R&D investments to dedicate to 
software products, etc., are conditioning the 
emergence of a category of large-sized vendors 
and are leaving no alternative but niche strat
egies to smaller companies. 

Concentration in the professional 
services and systems integration market 

The top 70 vendors constituted over 70% of 
the European professional services market in 
1993. Though the market is in constant concen
tration, it is still more fragmented than most 
other IT segments. Only nine vendors exceeded 
2% market share. 

System manuf~lcturers increased their market 
shares to 22% in 1993. 

Among other types of vendors, telecommu
nication carriers scored major points on the 
market in 1993, as they started to follow diversi
fication strategies focusing on technological 
niches such as network facilities management. 
The necessity to address users' needs that go 
beyond the main supply oftelephony services, as 
well as the increased freedom inherited from a 
more deregulated telecommunication environ
ment, are factors helping the PTOs to break 
through on the European professional services 
market. 

The ln/(Jimation and Communications 
Technology (ICT) A1arker in Europe 

The most important company strengths re
quired to compete successfully on the market 
can be identified as follows: 

capacity to address business process 
reengineering needs; 

capacity to leverage on the experience and the 
economies of scale derived from large-sized 
contracts; 

marketing edges (high profile among 
customers, control of large accounts); 

international presence to service customers; 

- global infrastructure (networks, 
demonstration centers, etc.); 

coverage of a large number of vertical 
markets; 

investment and risk-management capacity 
and cost advantage. 

Developing and securing market positions 
in Europe also requires bringing an answer to a 
series of questions and issues that can prove to 
be critical in the long term: 

tougher competition in the supply of manage
ment consulting services with a range or 
important consequences (tension on price, 
increased staff drain, need to refocus on key 
vertical markets, etc .) 

the necessity to enhance the technological 
profile through alliances. 

Another main category of vendors expected 
to gain market shares is hardware manuf~tc

turers, because they can leverage on the above
mentioned strengths. 

A major trend shaping the profile of new 
entrants in the market is notable in systems inte
gration. The management of high levels of risk 
and the necessity to operate network and pro
cessing infrastructures on an international basis, 
for example, are conditioning the emergence of 
a category of large-sized integrators. They are 
clearly leading the market towards an increased 
level of"industrialization". 
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Total Value:
21.9 Billion

Systems
Vendors 220lo

US-based
ISVs 15%

48

Growth, competition and privatization are
today's watchwords in the communications
market. However, unlike the IT market, the
equipment infrastructure of the communica-
tions environment varies by country ; thus, Euro-
pean TLC markets are unlikely to develop at the
same pace.

i. lntensity of communiations penetration

Differences in the number of residential
telephone lines are still significant. Of the 17

West European countries, three ( Spain, Portugal,
Ireland) have fewer than 36 exchange lines per
100 people. Portugal has the fewest,with 31 lines
per 100 people. Sweden and Switzerland top
the European league with 69 and 62 lines per
100 inhabitants, respectively.

Between the two poles, France, Netherlands
and the otherScandinavian countries have a tele-
density of around 50 lines or more. Most other
countries are close to the European average of
43 lines per 100 inhabitants. Among the top five
countries, only the teledensity of Italy is slightly
less than European average (42),while UK has
the highest one (48).

Teledensity correlates closely with national
wealth. By contrast, the intensity of communica-
tions investment -measured as the ratio between
communications investment and GDP - varies
country by country. It has no correlation to tele-
density or national wealth.

The countries with the highest ratio of
total communication investment in 1993 were
Portugal, Germany and Greece with around 1ol0.

Austria,Italy and Switzerland had a high invest-
ment rate as well. By contrast,Benelux, Denmark
and France have the lowest rates of telecommu-
nication equipment investment.

Among the other countries, the United
Kingdom had a lower rate of total communica-
tion investment to GDP compared to European
average.

ii. New technologlr penetration

The following indicators are important for
measuring the quality, or value-added, of com-
munications infrastructure :

digitalization : an essential foundation
for advanced network services;

penetration ofmobile connections: a positive
indicator for maturity of the market and
development of advanced voice services.

The contrast is as stark between countries
within a region as between the most developed
and less developed regions. This result derives
from differences in level of liberalization,
economic structure, and pricing policies. A
significant economic factor is the strength of
telecom-intensive vertical sectors.

Sweden and the otherNordic countries have
the highest penetration of mobile connections.
Italy, despite being number three in market size,
has not reached the European average in this
area, but has the same level as Germany and
double the level of mobile penetration reached
in France. The U.K. has three times the level
of mobile penetration found in France.

Figure I I
Western European
Professional Senices
Market.
Market Shares
by Vendor Category.
t 993
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Communications Main Lines per Mobile Connections per % Digitali-
lnvestment/G DP% 

Western Europe 0.75 

Germany 1.06 

France 0.41 

UK 0.52 

Italy 0.94 

Spain 0.86 

Austria 0.95 

Belgium/Luxembourg 0.36 

Denmark 0.32 

Finland 0.71 

Greece 0.96 

Ireland 0.60 

Netherlands 0.53 

Norway 0.56 

Portugal 1.38 

Sweden 0.56 

Switzerland 0.93 

Source lTC. OECD , ECTEL 

The leader in public network digitalization is 
France, with a 86% rate. Closely following are 
UK and Ireland, and also well advanced are the 
Nordic countries (with the exception of Den
mark). Germany, Austria, Switzerland, Denmark 
and Spain have digitalized almost a half of the 
lines. In contrast Greece have not yet digitalized 
more than three fourth of their connections. 

iii. Competition in network services 

Deregulation of telecommunications mono
polies throughout Europe, privatization of the 
national operators, and increasing competition 
have all ensured a surge of network service 

100 Inhabitants* 1,000 Inhabitants* zation* 

43 

46 

53 

48 

42 

36 

45 

45 

59 

55 

46 

33 

50 

54 

31 

69 

62 

23 59 

21 43 

10 86 

34 74 

21 56 

7 41 

28 46 

7 56 

61 44 

95 62 

2 21 

16 71 

14 54 

86 60 

10 58 

97 62 

39 49 

providers operating in the deregulated services 
arena. 

Although providers may differ in size and 
geographical presence, their aim is essentially.' 
the same: to capture a significant portion of net
work services revenues from the international 
business community. For the national telecom
munications operators facing privatization, it is 
an opportunity to ensure continuing profitability 
in the face of eventual competition in basic tele
communications services including voice. For 
traditional IT systems vendors, it represents new 
market opportunities and diversification away 
from falling hardware revenue . 
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1.4 Europe as Production Area 

1.4.1/nformation Technology Employ
ment, Manufacturing, R & D, Investment 

In 1994, employment in the IT industry de-
clined at a level of some 960,000 people, or 1.1% 
of the European employees. Some 275,000 
people were employed in the data processing and 
office machinery segment, some 280,000 in the 
software and services segment, and the rest in the 
many companies operating in distribution. 

Computer and office equipment manufac
turing accounted for approximately 7,600 enter
prises in Europe, and some 16,000 independent 
software and services vendors are counted in the 
software and services industry. Approximately 
25,000 companies (such as commodity hardware 
dealers and distributors or value-added resellers) 
operate in the third-party channel. 

In computer and office equipment manufac
turing, large enterprises employ approximately 
73% of the IT workforce. They accounted for 
85% or more ofthe European workforce in the IT 
industry in the previous years. Some 78% of the 
IT enterprises in Europe have up to 9 employees, 
and 11% have between 10 and 19 employees. 
Just 1%, or 88, have 500 or more employees, 
mostly located in Germany, the United King
dom, Ireland, and Italy. 

Further job losses were suffered, owing to 
the streamlining of the IT operating companies 
and the closure of some hardware manufacturing 
plants. More than 20,000 jobs were lost in f993 
in Europe, and 40,000 more losses have been 
estimated for 1994. They were suffered mostly 
among large enterprises. 

Job losses have been only slightly offset by 
job creation investments in the following areas: 

- the opening or expansion of semiconductor 
manufacturing plants; 

- the opening or expansion of PC hardware 
technology manufacturing plants; 

- the opening of software centres that will 
customize U.S .-made software for European 
markets. 

In Ireland, according to figures from the Irish 
Development Association (IDA), a net increase 
of2% occurred in employment in 1993. Foreign 
IT companies alone employ some 24,000 people, 
7,000 of them in software. Job losses caused by 
the closure of three mainframe and technology 
manufacturing plants were more than offset by 
the opening or expansion of four manufacturing 
plants in the area of semiconductor and PC tech
nology, generating more than 850 new jobs. In 
1994 further investments have been announced 
in the software manufacturing area. 

Decisions to locate their manufacturing 
plants in Ireland in the short term have been 
announced by seven other companies and justify 
IDA projections of the creation of at least 4,000 
more jobs over the next three years. 

A positive trend in IT manufacturing-site 
location was recorded as well in Scotland and 
Wales. The Scottish Development Agency claims 
the "software community" it has created now 
numbers 300 companies. Welsh Development 
International claims to have attracted invest
ments for around ECU 4 billion from high-tech 
firms so far. 

The net result of these trends is that Europe is 
better positioned as an IT manufacturing centre: 

- Jobs are being recovered at the manufac
turing stage of the value chain. Long-time 
investment in skills and facilities to improve 
logistics, design new products, and offer new 
kinds of services in particular areas are finally 
paying off. 
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Fixed capital investment in particular 
segments of the IT industry (such as for the 
localization of production facilities for soft
ware, personal computers, or LAN technol
ogy in Europe) has started to pick up. 

- The sector's investment in R&D has con
tinued to run between 7% and 9% (at least 
for the major players) despite expenditure 
sreamlining. 

- R & D effort has been maintained focused 
on engineering middleware applications, ver
tical market applications, consulting services, 
and designing new products in emerging 
market areas (multimedia, mobile comput
ing, network services). 

- To exploit synergies from exchanging mutual 
expertise and get higher returns from econo
mies of scale more R & D-based consortia 
and agreements have been made between 
European players. 

1.4.2. Localization of TLC Manufacturing 
Plants, R & D, Commercia/Investments, 
Employment 

Europe's telecommunications industry em
ploys some 1,200,000 people, or 1.4% of the 
European employees. Enterprises operating 
mainly as makers of communications equipment 
number 4,390, of which 90 employ more than 
200 employees. 

Companies providing telecommunication 
services employ some 900,000 staff. They include 
national PTOs, managed data network service 
providers, and mobile services companies. The 
number of businesses is small due to Europe's 
regulated monopoly structures. 

The lnjbrmation and Communicarions 
Technology (ICT) Market in Europe 

Following are the latest available Eurostat 
indicators fort he telecommunication equipment 
segment. Data refer to 1993 for production, and 
to 1992 for labor productivity: 

Production (ECU million) 28,844 

Labor productivity (ECU thousand, 1991) 46 

Telecom equipment manufacturing is a 
strategic industry for Europe. European manu
i~lcturers hold a particularly strong position in 
both the European and the worldwide market. At 
the European level the top two manufacturers 
are European and account for 55(Vo of the tele
communication equipment market. Among the 
top ten market leaders are five other European 
manufacturers that account for a further 25% 
of the market. At worldwide level the top two 
market leaders are European manufacturers, 
and two other European companies stand in the 
top ten positions of the worldwide ranking along
side four North American and two Japanese 
companies. 

The great diversification of telecom services 
and the digitalization of the networks and termi
nals have the following impact on the industry: 

- Telecommunication equipment manufactur-
ing is becoming a multiproduct industry, with 
the scope of equipment ranging from the 
traditional phone sets to mobile phone sets, 
videoconference equipment, and multimedia 
workstations. 

- The life cycle of products is shortening dra
matically. 

- Competition from related or interconnected 
industries - such as electronic components, 
IT, satellites, consumer electronics, and 
broadcasting- is rapidly increasing. 

- Alliances and partnering activity with the 
same or related interconnected industry 
players is increasing. 
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Due to increasing price pressure from com
petition and technology innovation, the tele
communication investment scenarios, at least for 
service-providing equipment, are very uncertain. 

Product costs are increasingly influenced 
by high R&D costs for hardware and software. 
R & D costs -depending on production volumes -
already exceed value-added generated by manu
facturing. It is estimated that investment in 
R & D for the last digital generation of public 
switching was about 700 million ECU. R & D 
subsidies, such as development agreement or 
cost-free technology transfers from government 
organizations or network operators, represent a 
very important factor behind the level of Euro
pean telecommunication-equipment industry 
competitiveness. 

Because a monopoly exists in telecommuni
cations services, the main European operators 
are public carriers (with the exception of the 
United Kingdom, where the telephone carrier 
has been privatized, allowing for competition in 
the data and telephone services). Many new
comers are entering the newly opened mobile 
and data commercial telecommunications 
markets. US carriers, and to a lesser extent 
computing companies, are taking advantage of 
these new opportunities. 

A remarkable decline in employment is a sign 
that the sector is rapidly changing with techno
logical innovation and is gaining in productivity. 

The global trend for deregulation, which is 
progressively bringing down national barriers, 
has started two processes that soon will affect 
industry structure and behavior: 

- The creation of public authorities or regulatory 
bodies overseeing the telecommunication 
sector, which, in the majority of cases (except 
in the U.K.) will be under the supervision of 
the ministry of post and telecommunications. 

- The privatization of the telecom national 
carriers that have traditionally been state 
owned: in some cases the state will maintain 
a majority share; in other cases the majority 
share will be public. 

In particular, the role of regulatory bodies is 
to prevent monopolistic positions and regulate 
competition between domestic carriers and 
other national and foreign private operators. 
Moreover, in many countries the regulatory 
body still decides on the basic service tariffs. 
However, following the U.K. example, the price 
cap mechanism for fixing tariffs has been in
creasingly adopted by other EU countries. The 
price cap mechanism generally is the automatic 
increase of the telephone tariffs according to 
the level of inflation, minus a certain level of 
previously fixed productivity growth. 
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1.4.3. Information Infrastructure 
Investment Plans and State of the Art 

In the area oftelecommunication networks, 
the European Community's White Paper on 
Growth, Competitiveness and Employment in 
Europe (published in 1993) estimated that an 
overall investment of ECU 150 billion over a 
period of 6 to 10 years is required, 67 billion of 
which must be invested between 1994 and 1999. 
Investment should come largely from the busi
ness community and from a European Invest
ment Fund. With this special fund, some 8 billion 
ECU per year should be drawn from the capital 
market, largely from governmental organiza
tions and businesses that are directly involved 
in information infrastructure projects. 

The areas identified for investment priority 
as being favourable to the creation of new 
markets are the following: 

- interconnected advanced networks: for the 
establishment of high communication net
work and ISDN consolidation; 

- general electronic services: for electronic 
access to information, electronic mail, elec
tronic images, and interactive video services; 

- telematic applications: for teleworking links 
between administrations, training, and tele
medicine. 

Further directions have been agreed upon in 
1994 and published in the report developed by 
the Bangemann Group of people prominent in 
the world of European IT, on "Europe and the 
Global Information Society" (see paragraph 
3.1.4. and Part Two "The European Information 
Infrastructure" for further details). From a tech
nology perspective, the recommendations of the 
Bangemann Group are the following: 

- The availability of E-ISDN should be im
proved, and the decrease of tariffs should 
increase the utilization of ISDN. 

The Information and Communications 
Technology (ICT) Market in Europe 

- As ATM in the European network will be the 
key to multimedia services, a pan-European 
development is essential to avoid intercon
nection problems. 

- Mobile and satellite services in Europe 
should undergo tariff decreases and should 
be interconnected on a global level. The 
European industry should participate heavily 
in global initiatives. 

Research and development remains high on 
the agenda. Two important European Commun
ity research programs that relate to information 
infrastructure are as follows: 

- ACTS (Advanced Communication Technol
ogies and Services in Europe): the ACTS 
program is built on the previous European 
Union R & D Telecommunication Programs, 
including RACE. It has the objectives of 
stimulating and coordinating the emergence 
of digital video services and integrated 
photonic systems, as well as the deployment 
of optical fibre networks with view to their 
widespread introduction in Europe. A strong 
focus is put on the innovative use of advanced 
communication technologies and services. 
The program prepares for the introduction 
of Integrated Broadband Communication 
(IBC). 

- TELEMATICS: the program deals with the 
development of systems for flexible and 
distance learning as well as methodologies of 
delivery of training and the interconnection 
of health administration. It currently holds 
projects offering solutions to a wide range 
of users. 
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The European telecommunications industry 
has had to carry out investments in infrastructure 
in a highly fragmented economic and political 
environment, without the economies of scale, 
profitability, and flexibility that a single tele
communications area might have offered. No 
doubt there will be a price to pay in terms of 
speed of acceptance of new services if currently 
Europe has eight digital switching systems 
(against two in Japan and three in the United 
States) or three different videotex systems. 

In Europe the following technologies are now 
available (either for commercial services or for 
pilot implementations) and are becoming digital 
standards: 

- ISDN: E-ISDN has become available on a 
large-scale basis since December 1993, repre
senting a significant option for international 
data and voice traffic. It represents the best 
chance to get digital service without paying 
the very high tariffs for leased lines. By the 
end of 1996, the ISDN coverage in Europe 
will be almost complete. A further develop
ment in data compression techniques will 
make it a long-lasting infrastructure option 
that will grow to broadband ISDN (B-ISDN) 
in the future. 

- ATM (Asynchronous Transfer Mode) De
velopment: a European ATM pilot was begun 
in 1992 and currently 17 European telecom 
operators interested in assessing the poten
tial for future demand participate. The ATM 
pilot will be used to validate the technical and 
standards issues involved in the support of 
benchmark services internationally. Whether 
and when to start offering any related service 
on a commercial basis will be each operator's 
independent decision. 

- SDH (Synchronous Digital Hierarchy): all 
major European Operators have SDH trials 
or an initial deployment program, but the 
approaches have different initial priorities. 
For Europe the priorities have been set by 
METRAN (a consortium of public telecom
munication operators), which has decided 
that SDH will be the technology of the pro
posed 1995 pan-European broadband net
work envisaged by the national operators. 
European SDH trials are being run in Fin
land, France, Germany, Sweden, the United 
Kingdom, Italy, and Spain. 

For more technological details please refer to 
"Information Technology: The State of the Art 
and the Key Technological Factors ofEvolution". 

1.4.4. Mergers, Acquisitions 
and Cooperation in the ICT Industry 

After two consecutive years of decline, ICT 
acquisition trends became positive in 1993, both 
in terms of units and value of acquisitions, and 
are expected to continue in the same direction 
in 1994. 

In 1993, in the U.K. alone, the number of 
acquisitions increased by 9% against an out
standing value growth of95%. The high growth in 
acquisition value was mainly driven by a few 
large transactions in the communications sector 
and by brisk acquisition activity in the software 
and services sectors, pushing the individual com
pany valuations up. The number of transactions 
in the hardware sector declined substantially 
instead. More than two-thirds of the acquisitions 
were announced in the last quarter of 1993, 
spurred on by many of the traditional buyers 
benefiting from improved results and seeking to 
restart their strategic development programs. 
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i. Trends in the IT Industry 

In the IT industry, value-added resellers 
(VARs) have emerged as the most sought-after 
companies. The specialist industry knowledge -
software and support services that these com
panies are able to provide - strengthen their 
relationships with their customers. It is access to 
a new customer base with its recurring revenue 
and its potential to buy existing products and 
services that is the most compelling reason lor 
expanding companies to acquire VARs rather 
than to develop from within. 

Another sector now receiving considerable 
attention is IT training. 

The shift toward digital technology is re
vitalizing alliances and partnerships in the office 
automation industry. This shift will have an 
impact on the way the industry is structured, both 
at the manuf~lcturing and distribution levels. 

The new digital technology will blur the 
distinction between a copier,· a printer, a f~lx 

machine, and even a filing unit. It is difficult to 
predict the rate at which this transition will occur, 
but it is inevitable. This recognition is one of 
the underlying reasons for copier manuf~1cturers 
to seek strategic partnership with printer manu
facturers that have been working on new digital 
technology. 

On the other hand, there is likely to be a con
tinuing consolidation among distributors of 
ort!ce automation products. The smaller dis
tributors are unlikely to have the necessary 
resources, financial or otherwise, to make the 
transition to digital technology. 

The lnj(mnarion and Communications 
Technology (ICT) /vfarker in Europ e 

ii. Trends in the telecommunications 
segment 

The globalization of economies and the 
needs of internationally active businesses arena
turally having a strong impact on the structure of 
the telecommunications industry. This structure, 
in a somewhat simplified framework, is moving 
toward three main categories of operators: 

major operators, or groupings of operators, 
offering a diversified range of services around 
the world; 

- companies specialized in single-market 
segments, such as mobiles; 

regional operators, which have generally 
grown out oftormer national monopolies and 
which also provide their services to the 
preceding types of operators. 

Alliances have become a primary require
ment for companies that want to establish a posi
tion in the flrst segment. Alliances and mergers 
involving teleommunications operators are 
currently driven by the need to achieve "func
tional globalization" designed to provide global 
solutions lor the customer. 
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Alliances between operators and other 
service providers in the IT or audio/video in
dustry, are good examples. The underlying 
objectives are the following: 

- to achieve economies of scale by sharing cost
ly investments and rationalizing operations; 

- to improve the product and services offering 
by making it global and to penetrate new 
markets. 

This logic is also evident in the alliances be
tween telecommunications and cable operators 
trying to join forces against the backdrop of 
emerging multimedia strategies. In Europe this 
logic is reflected in the emerging market trend 
towards concentration around a handful of 
entities. 

Cooperation also contributes to shape the 
most important trends in the European IT indus
try. One ofEurope's most brilliant success stories 
in terms of cooperation is GSM digital cellular 
telephony, developed at the exclusive initiative 
of European public network operators. 

Major European cooperation-led projects 
currently in progress are as follows: 

- GEN, the Global European Network, which 
is the trans-European network for leased 
circuits; 

- Metran, the Managed European Transmis
sion Network, an SDH transmission platform 
for all applications; 

- the ATM pilot; 

- Euro-ISDN, comprising an Integrated Serv-
ices Digital Network conforming to ETSI 
standards; 

- the European Telematic Network, for cross
border database access. 

1.5. Trade: 
EU and Other Worldwide Areas 

Following several years where the EU's 
ICT trade balance with the rest of the world has 
worsened, trade balance improved considerably 
in 1993. Two factors lay behind this: a reduction 
of imports during recession and when recovery 
began it was driven by exports. Exports rose by 
ECU 5 billion in 1993 in comparison to the 
previous year, more importantly the larger part 
of this export growth was accounted for by 
increased exports to countries outside the EU. 

In contrast, the EFTA countries increased 
their trade deficit. This reflects the nature of the 
general economic recession and recovery in most 
EFTA countries, especially Scandinavia, where 
the nadir of the recession was in earlier than in 
most EU countries. Relative to population and 
G DP, the position of the EFTA countries is 
worse than that of the EU. 

The USA benefited from a strong recovery in 
1993 and this is reflected in a strong growth in im
ports both from the EU and, more significantly, 
Japan. Overall, the US maintains a trade deficit in 
ICT, primarily accounted for by Japan, but a very 
healthy trade surplus with the EU. 

Japan has a ECU 26 billion surplus with the 
rest of the world, ofwhich the EU accounts for 
more than thirty percent. 
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EU Imports 
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Source· Eurostat 

EU Imports 

Exports 

Trade balance 

EFTA Imports 

Exports 

Trade balance 

us Imports 

Exports 

Trade balance 

Japan Imports 

Exports 

Trade balance 

Sou rc~: Emostal 

EU 

25,819 

25,163 

- 166 

3,392 

1,468 

- 1,925 

2,907 

9,665 

6,758 

750 

8,007 

7,257 

EU 

1,820 

2,098 

277 

464 

566 

101 

229 

606 

378 

20 

745 

725 

EFTA us 
3,364 3,653 

1,167 8.401 

2,197 - 4,748 

241 I ,819 

316 264 

75 - 1,555 

250 0 

839 0 

589 0 

17 2,826 

212 14,219 

195 11,393 

EFTA us 
1,892 307 

186 658 

- 1,707 350 

232 66 

264 122 

32 56 

63 0 

55 0 

- 8 0 

I 296 

35 1,525 

34 1,229 
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Japan 4 Tigers ROW 

5,546 5,950 4,578 

855 603 5,760 

- 4,691 - 5,347 1,182 

858 856 177 

14 47 373 

- 844 - 809 196 

13,577 13,147 6,814 

2,545 2,761 10,664 

- 10,732 - 10,387 3,850 

0 1,354 1,028 

0 3,270 2,638 

0 1,916 1,610 

Japan 4 Tigers ROW 

743 352 1,570 

2,114 306 2,904 

1,372 - 46 1,334 

132 70 167 

1 70 867 

- 131 0 700 

1,622 733 1,256 

256 333 1,405 

- 1,366 - 400 150 

0 97 71 

0 542 736 

0 445 666 
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Total 

48,910 

42,439 

- 6,471 

7,343 

2,482 

-4,861 

36,695 

26,774 

- 9,921 

5,975 

28,346 

22,371 

Total 

6,685 

8,265 

1,581 

1,131 

1,891 

759 

3,903 

2,656 

- 1,246 

485 

3,583 

3,098 
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Figure 12
European
Total ICT Equipment
Imports/Exports
by Region. 1993.
Billion ECUs

Figure 13
ICTTrade Worldwide.
1993.
Million ECUs

* EU and EFTA
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1.6. Eastern Europe: 
The Move to Mature Market Growth 

The economies of East/East Central Europe 
are now moving toward stability and growth. 
After several years of recession, the first signs of 
recovery are discernable in the Czech Republic, 
Hungary and Poland. Inflation has slowed, the 
private sector now accounts for more than 
50 percent of GOP, unemployment appears to 
have peaked, regional foreign investment has 
increased substantially, and the dramatic slide 
in industrial production has been arrested. The 
Polish government already reported a 4 percent 
increase in G DP in 1993, which continued into 
1994. A similar development is now taking place 
in the Czech Republic and Hungary. 

The improvement in the region's economies 
suggests that strong IT market growth will con
tinue into the next century. Nonetheless, while 
East/East Central Europe represents one of the 
largest IT industry opportunities in the world, 
there are already several indications that the 
remarkably strong growth seen in the 1989-93 
period has slowed and that much of the initial 
pent up demand for IT hardware has been met, 
with the exception of the evolving Small Office/ 
Home Office (SOHO) sector. While the regional 
IT market continues to grow at a faster pace 
than Western Europe, sales ofiT hardware have 
stabilized in several countries, most notably 
Hungary. While vendor activities in less devel
oped markets such as Poland and the CIS will 
remain hardware-oriented, the focus in the 
smaller countries of the region will gradually 
shift to the high growth areas of software and 
services by the end of the decade. 

Nonetheless, ongoing programs to modern
ize a broad range of infrastructure and basic 
services, such as banking, insurance, retail and 
government administration, combined with 
the demands of an evolving private sector, will 
continue to drive strong IT hardware and soft-

The 11(/bnnation and Communications 
Technology (!CT) Market in Europe 

Country CAG R 1994-96 
% 

Hungary 6.3 

Poland 11.4 

Czech/Slovak Republics 11.6 

Former Soviet Union 22.8 

Western Europe 5.0 

Germany 5.4 

France 2.8 

Italy 2.6 

United Kingdom 5.5 

Spain 2.1 

ware/services market growth throughout East/ 
East Central Europe in the short term. Table 13 
illustrates that Compound Annual Growth Rates 
(CAG Rs) for the region related to computer 
hardware in the 1994-96 period far exceed the 
combined average of 5% for the markets of 
Western Europe. 

Further evidence of the considerable pent 
demand for information technology throughout 
the Eastern European economies can be drawn 
from a comparison ofwhite collarworkers to PCs 
in 1993 illustrated in Figure 14. Whereas almost 
one PC is installed for every white collar worker 
in Germany, the United Kingdom and the 
Netherlands, in the Eastern European countries 
there is only one PC for 3 white collar workers 
in Hungary and one for29 in the Commonwealth 
oflndependent States. 

For more details please refer to Appendix 2 
at the end. 
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Figure 14
East vs. W'est:
Ratio ofWhite Collar
Workers to Personal
Computers Installed.
1993

2. Towards a New ICT Industry

2.1. The lT Driving Forces

Europe has rebounded from its recession,but
continues to face an uneven recovery in terms of
both economic and lTmarket growth.Economic
instability, technological and competitive devel-
opments, plus evolving user needs continue to
define the market.

The following specific trends are helping to
shape the growth patterns of the IT market:

i. A convergence between economic
and market trends

IT and economic growth have converged as

a result of:

a better economic environment which has

improved purchaser attitudes ;

an increasing share of variable expenses
which have overcome a declining share of
capital spending in IT budgets;

an increasing dependence of economic
growth on lT-intensive investments.

As a result, the European IT market grew at a
higherpace in nominal terms than the economy.
However, a few countries still are denoted by
slower IT growth rates than the economy: Spain
and Italy are among the most notable examples,
while Portugal's slow IT adoption rate offers
plenty of potential for growth. The Euopean IT
market is increasingly becoming a two-tiered
market: the southern markets are lagging behind
the more mature and advanced markets in Cen-
tral and Northern Europe in terms of both the
quantity and quality of IT investments.
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Figure l5
Convergence*
of GDP and IT
Market Nominal
Growth Rates,
1987-1993

* Convergence is measured
by the difference between
GDP nominal growth
and IT Market nominal
growth in the same year

ii. Technoloty surplus and changes
i n prod uct arch itectu re

Technology is no longer a scarce factor to be
used efficiently, but a factor that is available in
surplus to be used whereverapplicable.The rapid
progress in microchip technology has enabled
swift market changes in the last fifteen years.

Only now, however, have the changes in micro-
chip technology driven a full reconfiguration of
the computer hardware and software industries.

Whereas in the past, PCs,workstations, mini-
computers, and mainframes had distinct pro-
cessor architectures, they are increasingly based
upon a common 32-bitdesign today.At the same
time, software, which historically has been asso-

ciated with specific platforms, is also becoming
more generic in nature. Products such as NT and

Unix can help to redefine PCs,workstations and
servers to be more in line with mainframe-class
architectures.

As a result, the traditional division between
PC software companies and multiuser software
companies is rapidly fading as most players enter
the "client/server" software business.

iii. Evolving user needs and challenges

Competition and knowledge are either
forcing or compelling users to exploit informa-
tion technology in more advanced ways.

Competitive forces are driving users to pull
IT directlyinto theircritical business processes to
either improve productivity or deliver products
and services that otherwise would not have been
possible without IT. Greater knowledge of the
capabilities and possibilities ofIT is also dramati-
cally reducing cycle time for the adoption of IT
in customer organizations. As a result, larger
numbers ofusers are becoming actively involved
in the process of procuring IT.
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At the same time, larger numbers of vendors 
are entering IT markets, specifically in the soft
ware and service arenas, to supply the ever more 
specialized needs of increasingly advanced users. 

A greater complexity of the market has re
sulted: more vendors are offering advanced 
functions to an expanded number of users that 
are deploying increasingly specialized applica
tions. Three major issues, in particular, are sig
nificantly affecting users' attitudes towards and 
investment in IT: rightsizing, the challenges of 
integration, and the decision to maintain the 
management of IT operations inside or seek 
outsourcing services. 

Rightsizing 

Rightsizing, or the movement of applications 
or functions to more appropriate environments, 
is driven by varying needs: costs, organizational 
effectiveness, technology exploitation, and the 
need to respond to competition are the most 
prevalent. 

Rightsizing projects generally follow four 
basic stages: 

- the establishment of IT structure priorities 
based on a balance between technological 
knowledge and business knowledge, rather 
than a tyrannical, immutable perspective; 

- the rightsizing of IT solution decision mak
ing: which is based on an individual's scope 
of involvement with IT systems, and their 
appropriate level within an organization. 
Platform decision making is essentially 
dispersed as end users take greater control of 
their processing resources; 

- the rightsizing of the budget: rightsizing de
cision making necessarily leads to a greater 
decentralization of the management ofiT as
sets and budgets. This usually means smaller 
funding levels for the information system, 
and greater influence overspending priorities 

deeper within organizations. The advantage 
is that this helps to reveal the true costs and 
risks of decentralized processing, and to 
account more easily for its benefits; 

- the rightsizing of the workload: the last 
step of rightsizing is to place workloads on 
the most appropriate platforms. Platform 
appropriateness is measured not only in 
technological terms, but in decision making 
and financial terms as well. One technology 
cannot be applied to all computing needs. 
Mainframe-class systems are appropriate for 
workloads characterized as huge scale, while 
PC LAN s are preferable where the scope of 
the workload is tied to a specific activity that 
requires highly responsive systems. 

The challenges of integration 

In the face of increasing complexity, users 
have to undertake the challenges of integration. 
Direct and indirect costs are borne according to 
the apportionment of integration responsibility. 
If users choose to take responsibility for integra
tion, they pay less, but they may also bear greater 
risk. Users must choose between the adoption of 
pre-integrated systems and the purchase of 
multiple solutions from multiple vendors. The 
trade-off is as follows: 

Pre-integrated systems minimize the user's 
technology concerns and deliver value in a 
number of ways including: 

- a simplified system to pinpoint the source 
of technology problems; 

- less uncertainty about overhead costs 
associated with integrating multiple vendor 
technologies; 

- fewer supplier relationships to manage; 

- less risk exposure to suppliers' financial 
instability; 

- a greater certainty that component 
technologies will advance in a mutually 
supportive manner. 
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In contrast, purchasing multiple parts from 
several vendors generate the following value for 
users: 

- cost savings for hardware purchases since 
integration costs are not included; 

no limits on the range of technology options 
available; 

a greater control over what is to be integrated, 
which enables the flow of newer, more ad
vanced technologies into the integrated 
system. 

Integrating technologies from numerous 
sources, however, is rarely a easy straightforward 
process. Regardless of a company's strategy, the 
challenge is to cultivate the right competitive mix 
of function, performance, and price. 

The most important issues upon which users 
generally base their decisions are the following: 

application availability; 

- database services; 

PC application integration; 

- price/performance; 

- systems management; 

- standard support. 

Other less important issues arc application 
development, absolute scalability, imaging and 
telephony. 

Levels of outsourcing complexity 

C sers are increasingly accepting the out
sourcing option as a way to move to newer plat
forms without sacrificing internal resources. 
They identify processes within their organization 
that can ostensibly be more efficiently managed 
or delivered by a third party. This third party can 
be either independent services firms (systems or 
network integrators, consultants, or contract 
programming houses) or the services divisions or 
statTs of large technology suppliers. 

The li!lormarion and Communications 
Technologv (ICT) Market in Europe 

Outsourcing can be focused on the three 
main components of every business (technical 
infrastructure, people and business processes), 
and can be categorized into four levels of change, 
or layers of value-added service: 

- maintaining and managing; 

- enhancing and upgrading; 

reengineering; 

conceiving and developing. 

In the earlier outsourcing contracts that 
emerged at the end of the 1980s, the primary 
focus was on managing and maintaining 
the infrastructure. There was very little value 
added, and IT companies were the main players 
since they were able to achieve considerable cost 
efficiencies. In recent years, the outsourcing 
model has evolved dramatically to include many 
services from the subcontracting of the data 
centre operation to helping a corporation re
invent itself and apply IT as a facilitator between 
interdependent business processes. 

This new model now paves the way for a more 
profound relationship between supplier and 
customer that encompasses every aspect of the 
business. To address the need for advice on how 
to reorganize or restructure a business tor com
petitive advantage, traditional IT companies 
have built their strategic consulting expertise. At 
the same time, management consultants have 
become more involved in assisting customers 
with business reengineering an IT implementa
tion as well. 

2. 1.1. The Impact on the Industry 

In an industry with as much dynamism as the 
IT business, market structures are constantly 
being challenged by new technologies and com
petitors. The current market trends, outlined 
above, are leading to a significant evolution of 
the current industry structure. 
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The evolution ofthe industrystructure can be

viewed as occurring in four major stages:

Phase 1: integrated systems model

IT companies built and provided everything
from chips to services. Third-party software,
peripheral and maintenance companies special-
ized in supporting particular systems:cornp&ri!
environments, functioning largely as satellites
to the central mother company.

Phase 2: highly specialized

In the IT industry's equivalent of the Big
Bang, major IT companies' outsourcing ofmicro-
processor and systems software for personal
computers revolutionized and fragmented the
entire industry. The business was characterized
by highly specialized companies focused on each

level of the value chain. The overall rate of inno-
vation increased dramatically.

Phase 3: natural specialization

A layered hardware/software/services indus-
try structure remains intact, but technological
evolution overcomes the unnaturalness of the
highly dis-integrated industry. The technology
base for both the hardware and software busi-
nesses becomes more homogeneous, requiring
less specialization. Newly launched products
begin to erase the traditional boundary between
single-user and multi-user hardware and soft-
ware products.

Phase 4 : consumer-driven

Consumer products, particularly CATV set-
top boxes, create a second volume micropro-
cessor market that rivals the PC base in units.
This lays the foundation for new architectures
and new economics that challenge today's
vendors in the home market - and eventually
in the business market as well.



Parr One· £/TO 95 

Recent IT companies behaviour suggests that 
the industry has entered the phase three era. 

Traditional systems vendors have increasing
ly centered all of their processor development 
around a more homogeneous architecture. The 
emergence of a 32-bit system structure has 
steady state characteristics, at least in terms of 
the evolution of the market for general-purpose 
machines. 

Personal computer companies are now 
moving more aggressively, under the banner of 
"servers" into traditional systems markets. Via 
cooperation agreements, workstation suppliers 
have broadened their product offer from the 
desktop to the mainframe. 

Not surprisingly, as phase three begins, much 
of phase two still remains, as major IT companies 
still do not position their RISC offerings as viable 
PC alternatives. 

The software transformation is equally signifi
cant. The distinction between a LAN operating 
system and a server operating system is disap
pearing. Pure single-user PC software companies 
are increasingly focused on group and enterprise 
products. 

Like microprocessors, operating systems 
remain at the centre of change. There are four 
ways operating systems come to market: 

- as proprietary software from hardware 
suppliers; 

as non-proprietary software from hardware 
suppliers; 

from software suppliers; 

from a mix of all of the above. 

The pure software company approach is be
coming more successful as hardware suppliers 
move away from the software business and the 
operating systems business shifts from hard
ware- to software-scale economies. Further
more, software company ownership of most or 

The Information and Communications 
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all of the operating system business represents 
the final stage in the separation ofthe hardware 
and software industries. 

As the markets become more homogeneous, 
the stakes as well as the opportunities are raised. 
On the one side, overall microprocessor com
petitiveness and scale economies are now driven 
by volume, which means that without a viable 
desktop position it will be difficult for any 
general-purpose microprocessor to survive. On 
the other side, the shift to 32-bit microprocessors 
offers today's systems companies a very good 
chance to recapture at least some of the micro
processor business bestowed upon microchip 
manufacturers in the early 1980s. This recaptur
ing is much more likely to happen in the long 
term than in the short term. 

2.1.2. The Impact on the Market 

More than just macroeconomic forces are 
at work in the IT market, driving it towards in
creasingly positive performances. Some of the 
optimism driving IT purchases stems from an im
proving worldwide economy, yet other factors 
are moderating revenue growth levels such as the 
commoditization of products, and price battles 
that are still waging in almost all segments ofthe 
industry. 

The accelerating adoption of distributed 
computing and networked end-user applica
tions, and the emergence of new distribution 
channels, are at the core of market value growth 
for the most successful segments in the IT mar
ket: servers, notebooks, networking hardware 
and software technology, distributed databases 
and software applications. 

The differentiating characteristic of today's 
market is that IT demand and supply now match 
in a completely ditTerent "behavioural environ
ment", where both of their utility functions have 
completely changed. 
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Within major customer organizations, MIS 
influence is at least holding or actually in
creasing. Outsourcing, although popular within 
specific domains, such as software and devel
opment and wide area networking, is not sweep
ing away existing in-house structures. System 
vendors and MIS grew up with one another, and 
what is good for MIS is almost always good 
for the systems companies. 

i. Supply viewpoint: changing business 
models for systems companies 

In order for systems companies to exploit this 
opportunity, much of the challenge has been to 
restructure internally. Now that the technology 
edge has vanished and the rules ofthe game have 
changed, it is mandatory for systems companies 
to know exactly how to position themselves. 
Recent organizational decisions reflect this re
cognition that to get the most of the current 
recovery, and to take advantage of emerging new 
markets, system vendors need to adapt swiftly to 
changing circumstances. 

Two basic principles tend to shape the core 
of emerging system company strategies: 

- Any products made for internal use need to be 
successfully sold to the external market as well. 

- Experience strongly suggests that system 
vendors' competencies lie in hardware plat
forms and field services, but not in software. 

These two principles are the driving force 
behind a three-part corporate framework: 

Business model 1 -legacy systems: The tra
ditional proprietary systems business remains in 
various states of managed decline. 

Business model 2 -discontinuous systems: 
The best way of delivering system vendors' 
strengths in hardware and services to customers 
is to bundle them in an attractive package with 
market-leading software. 

Business model 3 - specialized products and 
services: In addition to the integrated offerings 
described above, each part of the company must 
compete independently, and externally, in par
ticular parts of the industry value chain. This 
model characterizes today's focused industry 
leaders. Sales are primarily through indirect 
channels. 

Businesses models 1 and 2 are defined by 
large direct field and service divisions, which 
provide a broad range of integrated systems 
solutions. A stabilization of the revenue base is 
about the best that these business models have 
delivered. 

In contrast, the specialized approach of 
business model3 offers the greatest opportunity 
for successful growth, and should overcome the 
discontinuous business model 2 approach for 
businesses to remain viable. 

There is a pure scale-economy argument 
behind this observation. Software, hardware 
and services have very different underlying 
economies. Software scale economies are almost 
infinite, hardware scale economies are very sig
nificant, and services scale economies are modest, 
or possibly even negative. Consequently, the 
natural sizes ofthese three businesses are quite 
different, making it impossible for an integrated 
approach on its own to achieve the appropriate 
scale economies across all three areas. The way 
around this dilemma is to reach specialized 
scale economies by using indirect channels for 
all significant product endeavours. 
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Two major strategic approaches are now 
emerging among system companies: 

The first is based on the discontinuous busi
ness model as the best way to maintain their 
traditional full-service role in the industry. 
This model will be sustained by successfully 
pushing the underlying platforms through in
direct channels to maintain scale economies 
and product brand marketing power. 

- The second is one of transition to an in
creasingly pure service provider role. In 
this scheme, the declining legacy systems 
business is coupled with a largely product 
independent services/systems integration 
capability that might not generate enough 
revenue to offset declines in the former. 

Whatever the result may be, the most impor
tant issue emerging from this evolution is that 
the changes adopted by systems companies are 
aimed at giving them a chance to hold onto what 
they have and possibly regain lost competitive 
positioning versus newer, smaller rivals. 

ii. Demand viewpoint: 
from price/performance to Cost to Use 

The increasing redeployment ofiT assets and 
resources from mainframe-centric architectures 
to distributed architectures is coupled with the 
challenge for IT users to mutually exploit the 
best aspects of the different technologies. This 
challenge forces users to apply new metrics to 
compare the real benefits and costs of complex 
technology alternatives, that arc no longer based 
simply on hardware price/performance. 

Such a metric, called "Cost to Use" (CtU), 
enables users to assess the full operating costs of 
systems after all integration costs are considered. 
It helps users to concurrently maximize the be
nefits ofiT decision-making "location" (enabling 
business process experts to influence the scope 
ofapplication choices) and "leverage"(the ability 

The lnjbnnation and Communications 
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to achieve any scale economies inherent to an IT 
infrastructure). This new metric is increasingly 
driving IT purchase decisions. 

Some meaningful efficiency comparisons of 
alternative technologies include the following: 

Mainframes versus PC LANs 

At large user sites, differences in the CtU of 
mainframe-centric versus PC LAN technologies 
drive the choice of workload centricity closer to 
the user responsible for imposing value and effi
ciency into the workload process. In otherwords: 

- control for personal productivity workloads 
is placed on PC LANs, since value is created 
locally and low in the IT hierarchy; 

control for large-scale, on-line transaction pro
cessing applications is mainframe-centric, 
since processes are more centrally-defined 
and value is created higher up in the IT 
hierarchy. 

Multiuser systems versus PC LANs 

Based on surveys with 600+ French and 
Italian small businesses, PC LANs and pre
integrated systems exhibit the lowest CtU (for 
an average configuration and staffing costs) over 
five years when compared with Unix systems. 
Pre-integrated systems and Unix systems cur
rently support more robust commercial applica
tions than PC LANs. 
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2.1.3. The Impact on the User

i. Forces for structural change
in large end-user ortanizations

The urgent need for major organizations to
become more competitive, is driving them to
change their IT infrastructures to incorporate
new business functions. However, since the end
of the 1980s, large companies have been under
significant market stress and the need to be-
come more competitive is now often viewed as a

survival tool, rather than a means of achieving
larger profits.

lT purchase types

Because ofthe need forchange whithin many
big businesses, various end-user types are adopt-
ing business objectives that differ from the past.

In orderto analyse the forces ofchangewithin
an organization,it is useful to divide purchasing
and adoption influences into three types:

Financial Management (Chief Financial Officer
or Chief Executive Of{icer). This board-level
function has become increasingly involved
in influencing or deciding overall IT strategy
as computing has become less ofa specialized
subject, business applications have become
the driving user adoption issue, and PCs have
proliferated throughout large or ganizations.
The role of this function in the 1990s tends
to be to maximize business efficiency by
removing barriers and providing fuller access
to corporate resources.

Financial Management is interested in the
financial stability of potential IT suppliers,
since the implementation of client/server
computing is seen as a relatively long process.
It is also interested in the ability of the new
architecture to control expenditures by
bringing department-level computing under
the umbrella of the IT department. When
selecting a partner for implementation, finan-
cial management is also interested in the total
costs of implementation, which is why many
will push for fixed price contracts and look
for SI-type deals. References are particularly
important for this group, since the process
it is entering upon is usually outside its
previous experiences.

- The ITDepartment's role has tended to widen
over the last few years, as corporations at-
tempt to bring department-level computing
under centralized control.

IT Departments will be looking for suppliers
who can demonstrate an understanding of
their current architecture and applications,
since it is unlikely that the responsibility to
maintain the current DP system will be re-
moved from them. CASE tools will be par-
ticularly important for those IT departments
which are looking to provide the bulk of the

Figure l7
Western European
Personal Computer
Market.
Value Shipments
by Channel. 1994
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implementation of client/server computing 
from internal resources. In addition, the 
technical stability of a supplier's products 
will be important in the decision to adopt its 
solutions. If a vendor chooses to change stra
tegic operating systems and introduce major 
discontinuities into its product strategy, this 
will reduce the potential for selling client/ 
server solutions to existing customers. On 
the other hand, new products which are well 
integrated should provide an advantage. 

- End-user departments' usage of computing 
has often developed through the adoption 
of PCs and LANs. The initial focus of LAN 
purchasing was often to share peripherals 
(rather than applications) and computing is 
relatively unsophisticated in most cases. End
user departments require the understanding 
of the products and of the mechanics of the 
PC market. In particular, they want to have 
access to corporate applications, or build new 
customer-facing applications, using the kinds 
of computer interfaces they already under
stand. Clearly the ability to provide a full inte
gration ofPC LANs will be an essential factor 
in vendor acceptance. Where experience of 
building business applications within depart
ments exists, vendors will need to demon
strate a commitment to making those tools 
available on Intel platforms. 

The ln/brmation and Communications 
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A new role for the IT department 

Many IT departments within large organiza
tions have undergone significant change in the 
last few years as a direct result of the changes 
made to corporate structures . In what can be 
called the pre-1990 company, the IT department 
was placed relatively high within the corporate 
hierarchy and often played a role within the 
management system. Since IT was considered 
a specialty resource and was applied mainly to 
corporate applications, those associated with 
IT often had a relatively poor relationship with 
end-user departments. 

The flattening of company structures and the 
introduction of P & L responsibility has turned 
IT departments into internal service bureaus, 
providing pay-as-you-go services to others with
in a company. IT departments often have taken 
over responsibility for all of the organization's 
computing infrastructure and have been given 
the responsibility to regain control of depart
ment-level computing strategy, services and 
infrastructure. In short, many IT departments 
have lost authority (since they are no longer posi
tioned towards the top of company hierarchies), 
but have gained responsibility (since they are in
creasingly being asked to look after the interests 
of more users). 

Since the use ofiTis such an important part of 
a company's overall strategy, decisions over its 
implementation are often made at the board 
level within large companies. In many cases, this 
is how the influence of financial management 
has grown in DP expenditure. Where there is 
technical competence at this level, there tends to 
be an early adoption of client/server com
puting; where the board is more business -rather 
than technology - focused, there tends to be 
movement towards outsourcing, or the choice 
of"branded" computer solutions. 
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ii. Business process reengineering 
and client/server computing 
from the user's viewpoint 

The pressures on modern businesses are 
extreme, both in terms of the economy and 
competition. The need for business process re
engineering (BPR), or incremental changes in 
business structures, in order to change a com
pany's culture is getting stronger. Whichever 
approach is adopted, it is clear that more com
panies than everbefore are finding it necessary to 
make basic changes to the ways they do business. 
There are a number of ways that computer com
panies can attempt to support these changing 
structures. 

The adoption of client/server computing is 
in response to the various pressures placed upon 
large companies and organizations. Client/ 
server computing represents a move away from 
current restrictions, whether based on PC LAN s, 
minicomputers, mainframes, or a combination 
of all three. Where client/server computing is 
appropriate, the attention is often focused on 
providing integration of existing DP and end
userLAN-based computing, or on building more 
sophisticated customer services solutions. 

However, challenges exist in a number of 
areas: 

- A limited supply of solutions or components: 
the development of an open infrastructure 
would allow greater freedom of choice over 
supplier, which would lead to greater com
petition and lower prices. 

- Traditional DP systems are restrictive in 
allowing limited access to departmental 
computing through narrow, difficult inter
faces. The need to extend access of corporate 
applications to newly-empowered user 
departments is essential for many large 
organizations. 

- PC LANs are restrictive in that they have 
often developed independently from tradi
tional DP systems. They are often inefficient 
because they are unmanaged and designed 
primarily to share peripherals rather than 
applications. PC software prices are expen
sive and difficult to evaluate, especially if 
purchased through "unofficial" channels. 

Whether or not a suppliers' equipment is 
integrated into open client/server computing 
is dependent upon specifying and modifying 
interfaces. (In some cases, vendors are unable to 
develop their traditional DP systems fully; in 
others, they may perceive important value-added 
features in the networking of their proprietary 
systems.) For many users, interaction between 
key systems can be achieved by hi ring third party 
networking specialists. For some, this practical 
modification of systems topology represents a 
move towards client/server computing. 

Major opportunities exist in branding client/ 
server solutions for later adopters. The first wave 
of client/server adoption occurred in 1994 and 
the market is now being driven by the require
ments of large (typically technically proficient) 
end-user organizations. Various vendors are 
being chosen from software, service and hard
ware backgrounds to supply client/server 
solutions. As adoption from less technically pro
ficient industry sectors picks up, the attempt to 
apply "branded" client/server product strategies 
will start to emerge. The depth of involvement 
will be greater than in the past as a significant 
battle for market share develops in the upcoming 
years. The development of client/server com
puting in Europe will involve interesting changes 
in marketing; for the first time in years, operating 
system choices will become less important than 
the integration of DP systems with PC LANs. 
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2.2. The TLC Driving Forces 

Today's networking environment is charac
terized by a diverse mix oftopologies,geographic 
spans, transmission speeds, access interfaces, 
equipment and physical media. Local area net
works need to be interconnected via high speed 
backbones. Emerging image, distributed client/ 
server, and multimedia applications are placing 
new demands on existing networks in terms of 
transmission speeds, network capacity, network 
interconnect, the integration of voice, data and 
video data streams, and network management. 

Today's networks must evolve to: 

- support workstations and applications with 
new demands for high transmission speeds 
and capacities; 

- provide transparent connectivity spanning 
local and wide area networking environments; 

- offer new services, such as the flexibility to 
request the use of necessary bandwidth dyna
mically on demand, or to guarantee necessary 
performance for delay-sensitive applications; 

- install new capabilities without disrupting 
existing networking operations; 

- offer users the option to invest in private net
working solutions or those offered by service 
providers; 

- provide a wide range of system and network 
management facilities. 

Liberalization is widely expected to lead to 
an increase in the range of services available to 
business, and a reduction in costs to the user. 

The Information and Communications 
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In order to assess whether this process is 
likely to address the emerging networking needs 
efficiently, as described above, three questions 
must be answered: 

- What is the real need for telecommunication 
highways? 

- What is the real impact of telecommuni
cation costs on business? 

- How wi1lliberalization affect the situation? 

2.2.1 New Technologies and Adual 
Needs: Highways versus Superhighways 

New technologies start to enhance the effi-
ciency of the usage of shared public networks, to 
send and receive commercial transactions both 
to suppliers and customers, as well as within the 
businesses organizations. A lot of market hype 
is now emerging about the provision of the 
infrastructure that will make digital highways 
and, indeed, the superhighway, become a reality. 

What is the difference between the highway 
and the superhighway? 

Basically the information highway exists 
today in a number of forms- the Internet, private 
ISDN networks, leased line networks, etc., but 
the superhighway is rare. The superhighway is 
very fast, very high bandwidth, bi-directional, 
and, most people agree, will represent the ideal 
solution to solve business communication 
needs. However, it does exist and is in use mainly 
by academic and research-oriented individuals. 

Not everyone needs a superhighway today. 
Many of the business applications that one 
expects to exploit the information highway 
arguably require a highway that has the majority 
of the bandwidth in one direction, allowing for 
low-level traffic on the way back from the buyer. 
Home shopping, education and training, and 
passive marketing are applications which exist 
today in the commercial sector, which do well 
enough without superhighway bandwidth. 

• 71 



72 

European Information Technology Observatory· EITO 95 

For example, the Internet, as it manifests 
itself today, and which represents most ordinary 
people's experience ofthe information highway, 
is an infrastructure that was essentially devel
oped by users of computers, not telecommunica
tion providers. The Internet is, however, being 
overtaken by the commercial sector that is 
increasingly coming up with ways to exploit and 
develop the infrastructure. 

For businesses, in particular, practical issues 
surround the use of a shared information high
way, and increasingly are associated with the 
successful exploitation of the infrastructure. 
Among the most important there are: 

- security and standardized protocols; 

- and the client interface level. 

For companies involved in electronic fund 
transfer and EDI, security and standardized pro
tocols are well understood issues within existing 
communications structures, albeit a structure 
that is paid for, more often than not, on a destina
tion and access basis. For these corporations, 
adopting a strategy for utilizing the shared net
works will either take the form of a step change or 
a gradual evolution and absorption ofthe current 
structures. 

Taking the information highway a step fur
ther to the buyer interface level, the decision to 
conduct business processes end-to-end on the 
highway will have a strong impact on businesses' 
organization and account management tech
niques and resources. For example, the informa
tion highway will accelerate developments in 
banking and trading practices. 

2.2.2. The Impact 
of Telecommunications Costs 

It is widely recognised that a business user's 
competitive advantage in telecoms is more likely 
to be a consequence of the differences in tariffs, 
product choice and reliability rather than of 
differences in the technology employed. 

Users simply have to bear the costs. The costs 
of a 3 minute call during the working day varies 
by as much as 5 : 1 in a number of European 
countries. It would be difficult to think of any 
other commodity which varies in price by such 
an amount. 

For a manufacturing business, telecommuni
cations costs may be no more than 1% of the 
total business turnover, so the overall impact 
of variations may be small, but for a financial 
organisation or a service provider, the telecom
munications costs are frequently 8% or more of 
turnover meaning significant variations could 
have a major impact on their competitiveness. 
The impact of cost becomes more significant as 
bandwidth increases, and, although it is true that 
few users currently need high bandwidth, the 
high costs of broad band services are acting as 
major deterrent to their use by the more ad
vanced users. 

2.2.3. The Effects of Liberalization 

Where liberalization has been enacted, 
pressure to reduce tariffs has developed, product 
choice has widened, overall service quality has 
improved, and multiple sourcing has become a 
rule for most businesses. 

In Europe, the effect of liberalization will 
depend on its extent. 

Privatization and liberalization go hand-in
hand for voice services. The privatization drive 
has been instigated by the 1987 Green Paper call 
for a separation of regulatory and operational 
functions (with the establishment of an arms' 
length relationship of the operators with the 
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State), and the new emphasis on the role of 
private capital versus the role of the public 
sector. Privatization is now on the telecommuni
cations agenda in the majority of theE U member 
States, and Eastern Europe. It is being discussed 
in the Netherlands, Belgium, Portugal, Italy, and 
Greece. In Germany privatization will begin 
by 1996. 

EU -wide liberalization of public voice tele
phony services and of telecommunication infra
structure (the latter was decided last November 
17, 1994) have been set by the date of January l, 
1998, subject to possible derogations of up to 
5 years for Greece, Portugal, Spain (for infra
structure only) and Ireland . Infrastructure liber
alization will allow companies offering telecom 
services a much greater choice of network pro
vider and the right to build their own infra
structure. 

The Green Paper on Mobile and Personal 
Communications (published in April 1994) 
represents the first major step of the EU future 
liberalization program of the telecommunica
tions core markets. The European Union is a 
technology leader in digital mobile communica
tions and a key element in building on these 
strengths will be ensuring the provision of ade
quate high capacity infrastructure at affordable 
prices. Five major cellular licences (four as 
second private GSM operator and one DCS 1800 
licence) have been granted in the EU during 
1994 in Italy, the Netherlands, Belgium, Spain 
and France . 

Given the strong dependence of mobile op
erators on the fixed network in most cases, the 
Green Paper calls for mobile network operators 
EU-wide to have a right within the framework of 
their mobile licences, to use and construct their 
own fixed or microwave links, or to use third 
party infrastructure, in order to build their radio 
networks. It also calls for operators to be able to 
connect directly with other mobile operators 
both nationally and internationally. 

Thr? lnj(mnarion and CommunicaTions 
Technology (ICT) !vlarkf't in Europe 

Data services are liberalized now in all coun
tries in Western Europe, and voice services will 
be liberalized in the European Union by 1998 
in most countries, although a few have been 
allowed to implement changes at a later date. 

The European regulatory agenda will have to 
move swiftly through a critical phase in the short 
term in order to develop market conditions 
which will allow the emergence and implementa
tion of the communications infrastructure for 
the next century. The first clear understanding of 
what is going to be implemented will be possible 
in 1995, when the expected second European 
Union Green Paper concentrating more on the 
usage of the current networks of utilities and 
cable TV operators is to be released. 

2.3. The Emergence of New Markets: 
the Merging of the Computer, 
Consumer Electronics, Media 
and Telecommunication Industries 

The development of information and tele
communication technology has already reached 
a stage where its application will deeply affect 
worldwide economies and lifestyles. 

The current transition, from an industrial 
society to the information society, is accelerating 
as a result of a process involving the progressive 
convergence of telecommunications, computers, 
consumer electronics and interactive media. 

Yet it is anticipated that even more dramatic 
changes lie ahead as the use oflCTbecomes even 
more intense in the private industry and in the 
public sector. In this regard, special emphasis 
must be placed on three different issues these 
profound changes will raise. 
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i. The impact on society and the economy 

The first issue is what this process of industry 
convergence means to our social and economic 
system. 

In order to place the process in context, and 
understand its economic significance, this 
change primarily involves a business that was 
worth 743 billion ECU in 1993 in Europe, as 
accounted for by the ICT business, and 2,379 
billion ECU in the same year worldwide. 

A new era is now commencing as a huge 
market of "sending or exchanging information, 
and messages" is set to emerge, and is galvanizing 
a great spectrum and intensity of interest and 
investment. 

The crucial stage of this process is in place 
as the information content and information 
delivery systems of media/communications in
dustries (currently dependent largely on analog 
media) are rapidly becoming digitalized. This 
shift to digital media enables the full range of 
information technologies and the dynamic 
price/performance curves of semiconductors to 
be applied directly to industries that collectively 
dwarf the computer industry in size. 

Together with information technology and 
telecommunications, a very wide and expanding 
range of economic activities is encompassed, 
including conventional broadcasting, as well as 
publishing, performing arts, graphic and other 
visual arts, filming and other related activities. 

The more noteworthy contemporary techno
logical changes are making a focused impact on 
activities conventionally associated with com
puting, telecommunications and broadcasting. 
As a result, the boundaries surrounding these in
dustries become somewhat broad and imprecise. 
One can attempt to define these industries using 
standard economic criteria, such as cross-price 
elasticities of demand, customer groups served, 
and production function characteristics, but all 

are likely to be imprecise, especially in light of 
the convergence of all the activities related to 
information and the exchange of information 
in general. 

ii. Digital media convergence 

The second issue is, consequently, how digital 
media convergence will influence the future of 
the ICT industry. 

Convergence is defined as the blurring of 
technical and regulatory boundaries between 
sectors of the economy. In the context of our 
forum we are going to see that this convergence 
is viewed as occurring not only at the level of 
technologies (this has already been occurring 
for many years now), but also of industries and 
customers, which will result in a very ditTerent 
competitive environment in the future. 

This new competitive environment will 
evolve around the leading growth sector of the 
advanced worldwide economies: the "informa
tion industry". 

While digital media services markets are 
potentially large and lucrative, the industry is still 
half a decade away from realizing critical mass in 
terms of a technology infrastructure being in 
place, suppliers'viability to provide digital media 
products and services, and the market's ability 
to acquire them. 
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Office: 
typewriters, calculators, copiers , 
other onicc equipment; 

Consumer Electronics: 
TV sets , VCRs, radio, tapedecks , watches, etc.; 

Media and Publishing: 
Film, TV programmes, videos, COs, records 
and tapes; 

Computer Systems and Services: 
hardware, packaged software, services; 

Marketing and Advertising: 
on-line databases, on-line shopping, mail order 
catalogues, advertising, direct marketing, 
other business services: 

Distribution: 
broadcasting, telex/mailgram, mail, parcel , courier; 

Telecom: 
voice network services, data network services, 
customer premise equipment, service providing 
equipment, installation and maintenance. 
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3. IT and TLC European Market 
Perspectives 

3.1. Growth Factors and Initiatives 
to Carry Europe forward 
into the Information Society 

A grounded assessment of accelerators and 
burdens driving Europe into the information 
society era are presented in Part Two "The Euro
pean Information Infrastructure". 

A thorough knowledge and understanding of 
the competitive and demand mechanisms ruling 
the development process towards the informa
tion society will be at the roots of successful 
economic development for Europe over the next 
few years. The following are some highlights 
on the major factors ruling the process. 

3.1.1. Technology Infrastructure and 
Applications 

In reviewing the development prospects 
for the European market, a lot can be done for 
the development of digital media services even 
with the use of the existing low bandwidth 
technologies. In the business area, text-oriented 
applications (such as electronic commerce, EDI 
and electronic payment systems) already re
present a massive development opportunity. 

Europe's existing lowband infrastructure 
is competitive with that of the US. Cable and 
satellite networks have already been developed 
in many European countries. 

The future availabilityofan extended andre
liable high band infrastructure will allow a second 
revolutionary step to be made. For example, the 
widespread use of multimedia in banking will 
make available interactive television offering a 
broad range of services, and the existence of elec
tronic kiosks will virtually end the days ofbranch 
banking. A new breed of software agents will de
velop to provide access to the available services. 

The scenario is similar in the consumer mar
ket. Text-oriented applications in homebanking 
and teleshopping are becoming increasingly 
available, and experiments are being made in 
the field of video-on-demand using traditional 
telephone lines. 

Pay-per view entertainment requirements, as 
well as those for multimedia services, arc still 
largely unknown, leaving the development time 
for these markets in question. 

The resulting opportunities will be huge in 
scale and scope, offering the chance to leverage 
technology into involvement at higher margin 
levels up the digital media value chain (towards 
content and services). Competition will be cen
tered on deploying a technology infrastructure to 
support the creation, storage, processing, and dis
tribution of and access to value-added content. 

3.1.2. Economy: the Role of Europe 

The economic recovery of the European 
Union is closely linked to other global econo
mies. There are two main aspects for which the 
importance ofthis linkage must be stressed. The 
first is the level of machinery and equipment 
(M & E) investment. The second is trade. 

i. M & E investment 

At present, Europe is lagging behind global 
trends in terms of M&E investment. Using 100 
as a reference for proportions, the level ofM & E 
investment in the US equallcdl50 in 1994 versus 
a level of 85.9 in Europe. The gap has widened 
in the last three years. As a result. European 
industry has a weaker technology-intensive infra
structure vis-a-vis more competitive standards in 
the world. On the positive side, however, this also 
means that a higher potential for M&E invest
ment demand exists in the short term as Europe 
attempts to quickly reduce this gap. 
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ii. Trade 

The rapid growth and development of the 
European Union is vital to the US. Europe is the 
US' largest trading partner with aim ost ECC 200 
billion of diversified trade on an annual basis. 

Europe's importance within the global 
economy and the IT market is strengthening 
due to: 

- the significant size of the total market: the 
Single Market is already a reality and, relative 
to many other parts of the world, it is a rich 
market; 

- the region has the highest concentration of 
potential purchasers of multimedia services; 

- the existence of a wide range of enterprises 
and organizations which potentially could be 
at the leading edge of developing and using 
new information infrastructures; 

- the geographic expansion of the market, with 
the addition ofCentral and Eastern Europe. 

3.1.3. Competitive Differentiators 

Other competitive differentiators helping 
to drive European ICT market growth in the 
Information Age are: 

- An increasing number of European com
panies have started to treat Europe as a Single 
Market, by developing products and building 
their internal structures to reflect the Single 
Market. 

- European companies have become more 
outward looking working with companies 
in other parts of the world to create global 
alliances. 

- The European R & 0 programmes are help
ing European ICT companies to fully test new 
working models in Europe to develop coop
eration with people from different cultures 
and different traditions. 

The ln.fbnnation and Communications 
Technology (!CT) Marker in Europe 

- The European science base could be increas
ingly competitive, if properly motivated. 

- Although Europe has just three players in the 
traditional IT industry, it can rely on a multi
plicity of players in the new multimedia 
environment. 

European ICT players have finally found 
enough confidence to think globally from 
their initial development. 

The boom in the market of digital cellular 
radio is an example of the mutually beneficial 
effects of these factors. Europe is a world leader 
in digital cellular radio (GSM). GSM was con
ceived as an open standard - open to global 
competitors, not only Europeans- which would 
encourage more people to use it and therefore 
create more competition in the marketplace. 
Now it is one of the drivers of growth of the 
mobile telephones market in Europe, because 
it has quickly developed as a European standard. 
It managed to meet the requirements ofboth the 
users (who demanded pan-European mobility) 
and the service providers (who demanded a f~tirly 
wide range of functionality), while getting the 
product to market quickly. New jobs are being 
created as a result. 

3. 1.4. Commission's Adion Plan: 
Europe's Way to the Information Society 

The European Commission Regulatory 
agenda is based on the report "Europe and the 
Global Information Society," developed by the 
Bangemann Group which is prominent in the 
European IT community. The Bangemann 
Group urges the European Union to put its f~tith 
in market mechanisms as the motivating power 
to carry it into the Information Age, and pleads 
for a rapid progress towards a fully liberalized 
environment by 1998. 
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The Group's recommendations are: 

- to accept private investment as the driving 
force- the prime task of Governments being 
to safeguard competition; 

- to improve the interconnection and inter
operability of services and applications; 

- to adjust international, long-distance and 
leased tariffs; 

- to foster the achievement of critical mass and 
attain a worldwide dimension. 

The first step in the process of liberalization 
indicated by the Group was achieved November 
1994, with the decision to set the deadline for 
the liberalization ofthe infrastructures by 1998. 

The Bangemann Group has also indicated the 
applications that are needed to create a virtual 
circle of supply and demand that will ensure a 
higher rate of capacity utilization. These include: 
teleworking, distance learning, university and 
research centre networks, telematic services 
for small and medium enterprises, road traffic 
management, a unified trans-European air traffic 
control system, healthcare networks, electronic 
tendering, a trans-European public administra
tion network, and city information highways. 

These recommendations have been formal
ized in the Communication of the Commission 
"Europe's Way to the Information Society"which 
has received Government acceptance at the 
Essen European Council. 

For further details, please see Part Two 
"The European Information Infrastructure". 

3.2 Critical Factors 
and Impediments to Growth 

The Single European Market is by no means a 
perfect market. Major obstacles to ICT industry 
competitiveness and growth (as well as the 
competitiveness of the European economy as 
a whole) might well arise from the following 
critical areas: 

i. Limited liberalization/slow deregulation 

The slow development of liberalization (not 
only at the level of voice, but also at the level 
of infrastructures) represents a major disadvan
tage for Europe in its competition with the US. 
It is true that the City of London now has five 
operators that are building their own infra
structures to offer local services, as well as up
wards of a dozen resale operators aiming at high 
tariff international traffic -but the current level 
of deregulation makes this virtually impossible 
in any other European country at the moment. 

Positive signs in the area of infrastructure 
liberalization come from advocates of swifter 
deregulation within the European Union which 
are urging proposals to liberalize alternative net
works such as cable TV, road, rail and energy net
works as quickly as possible- even before 1998. 

ii. Higher tariffs 

The primary market result of competition is 
to force down prices. As a result of competition, 
the average cost per line of a 100-line business 
customer in the UK is 30-50% of similar French 
or German services, and 20-25% that of Italian 
services. 

Although Europe is rapidly becoming an 
information-based society, the high price of 
information communications imposed by regu
latory systems is hindering the development of 
Europe's market and ability to effectively com
pete with other, more flexible economies. 
Australia and New Zealand have recently intra-
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duced radical TLC deregulation programmes; 
Hong Kong's telephone monopoly is to be 
abolished next year; and even MITI in Japan has 
announced that the development of the industry 
requires a deregulated scenario. According to the 
Bangemann report, leased telephone lines in 
Europe and the US have a real cost differential of 
up to 10-1. 

iii. Lack of trans-European regulations 
transfer 

The transfer of European Union regulations 
into national trans-European law is complicated 
by administrative obstacles, making the develop
ment path uneven and slow. 

One case that dramatically impacts the effi
cacy of telecommunications business in Europe 
is regulation hurdles faced by manufacturers of 
high speed telecommunications equipment. 
They must formally submit equipment for 
testing in each European capital. This process 
effects the costs of doing business in Europe and 
slows the deployment of the latest generation 
of technology. 

iv. Insufficient European-wide thinking 

Despite a growing number of companies 
adopting a totally European-oriented business 
approach, the European economy is still pre
sented with serious problems caused by the frag
mentation of its languages and infrastructures. 
The Single European Market is not yet trouble 
free, and the cost of an inefficient structure is 
still high. 

3.3. Medium-to-long-term Scenario 

The European information business market. 
derived from the convergence of computers, 
communications, consumer products and media 
already totals 684 billion dollars a year. Given its 
forecasted annual growth rate of7%, the market 
is expected to reach nearly one trillion ECUs by 
the year 2000. 

The Information and Communications 
Technology (JCT) Market in Europe 

Is Europe in a condition to respond effec
tively to this challenge? 

Because of its huge critical mass of demand, 
the European market obviously has great poten
tial. But it remains highly fragmented and the 
vast majority of the individual countries are still 
highly regulated. 

The liberalization supported by the European 
Union has not yet been welcomed by all coun
tries and, in fact, only the UK has already de
regulated aiJ of the primary market areas. VANs 
and data transmission have been liberalized 
across the region - although Italy has not yet 
formally ratified the EC recommendation on 
data; but the deregulation of voice transmission 
(expected to start in 1998) and the liberalization 
of infrastructures is still to occur. Closed voice 
user groups are allowed in some countries , but 
usually only because it is difficult to distinguish 
data and voice services at this level. 

The success of the European I CT industry 
in the medium/long-term scenario depends 
strongly on its willingness to make it happen. 

It is very clear that the positive efTects of 
global factors on ICT growth will emerge if the 
following conditions are fulfilled in the current 
scenario: 

- pathfinders emerge on the supply side; 

- more awareness is developed on the demand 
side. 

i. Supply side 

Emerging business and consumer markets 
could radically reshape the lCT business in a 
relatively short period of time. 
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There have been substantial differences be
tween the product development paths of tradi
tional IT and the new multimedia environment. 
The development of the first IT products was 
vendor-driven and oriented towards the business 
market; in this way, the vendors could rely on 
customer feedback when fine tuning their prod
uct specifications before entering the consumer 
market. 

Multimedia products and customers will 
originate from and require the cooperation of 
different industries. For example, within the 
microprocessor sector, the potential volumes for 
64-bit microprocessors for use in CATV set-top 
boxes could match or eventually even exceed 
those for today's PC business. These new 
Multiple Processing Units (MPUs) will need to 
have very high performance and very low costs, a 
specification well-suited for challenging today's 
PC market price points. 

Moreover, computers designed to provide 
highly visual and three dimensional images 
could require, at least initially, close links be
tween hardware, software and semiconductor 
providers. The fact that some MPU-based sys
tems suppliers already drive their business by 
taking an integrated system/microprocessor/ 
software approach suggests that some day, the 
integrated-business-model history of early IT 
industry developments might well repeat itself. 

Such an offering would come from some sort 
of"virtual company" alliance between different 
hardware, software, semiconductor and tele
communications providers. 

However, although business customer re
quirements are reasonably predictable, the speci
fications of a global offer aimed at the consumer 
market are still largely unknown. Of course, this 
is true in both the US and Europe, but Europe 
has the added complication of the fragmentation 
of its national cultures, which makes it even more 
vital to set up a network of flexible partnerships 

and alliances capable of putting together proto
types to explore potential customer demand. 

Now is the time for the emergence of path
finders in Europe. 

There have already been a number of mergers 
within the same horizontal industry layer, and 
these have led to increased consolidation in the 
publishing industry. Unfortunately, there are 
still very few alliances between publishing 
companies and telecommunications operators
precisely one area today's pathfinders should be 
exploring. 

Their market will be built upon the "digital in
formation infrastructure value chain". This value 
chain will be formed by the following layers: 

- the infrastructure; 

- service operators (companies which make 
networks out ofthe different elements of the 
infrastructures); 

- the information packaging or application 
services, which will emerge as commodity 
items offering advanced building features 
and new technologies - such as the signal 
distribution necessary for VOD services; 

- content (or what will actually be delivered to 
the customer), which must be able to meet 
three different requirements: the need for 
information, the need for entertainment and 
the need for convenience. 

On the basis of this analytical scheme, it is 
clear that Europe's first investment priority is 
that of consolidating the existing narrowband 
ISDN infrastructure, developing a broadband 
ATM infrastructure and building up the strong 
mobile GSM infrastructure. 

At the other end of the chain, priority should 
be given to convenience. Services such as e-mail, 
electronic banking, teleshopping, the ordering of 
air, public transport, cinema and theatre tickets 
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can all be screen oriented - and can therefore 
be managed using the current infrastructure. 
Furthermore, they are all services which can be 
successful at a level oflocal coverage, something 
which suits the tl·agmented nature of the Euro
pean market. 

ii. Demand side 

The top-down approach from the industry 
and from public policy ensures that the right 
technology, infrastructure and competitive en
vironment are in place. This approach alone will 
not be enough, however, to impact the growth of 
the information infrastructure. 

As GSM proved, bottom-up pressure from 
business and consumer demand is also needed. 
In order to develop this demand pressure, a more 
compelling vision of how an information infra
structure will assist the economy with higher 
productivity and the quality of living is needed. 

In Europe, are we beginning to hear the 
hue from the general public for the advantages 
offered by an Information Society? 

There is still an insufficient understanding 
and excitement in Europe for the potential that 
such an infrastructure would have on the way 
Europeans work, learn and play. Increasing re
cognition of such projects as electronic com
merce, or teleworking reflects how much these 
projects arc able to create jobs , revitalize educa
tion and develop uset111 networked applications. 

More marketing efforts are needed to bring 
about change. More promotional activities 
would spread the awareness of the positive 
etTects of the first pilot experiences among 
European citizens and key intluencers, such as 
members oft he media. The general public, that is 

The h(/brmation and Communications 
J(y /wologv (!CT) Market in Europe 

the market for these vast and powerful networks, 
would be provided with a more powerful, articu
lated vision of how the information infrastruc
ture could collapse space and time, eliminating 
cultural, geographical, and physical obstacles. 

Immense economic and social rewards await 
those economies that can respond quickly to 
rapidly changing opportunities and emerging 
challenges generated by the accelerating conver
gence of digital media industries. In addition, 
successful markets will be able to manage the 
cultural clashes and business model complexi
ties of disparate industries, and maintain a clear, 
guiding vision for user needs and benefits. 
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Appendix 1 
Software and Services 

1. Software 

The Western European packaged software 
marketplace grew by 6.7% in 1994, reaching ECU 
25.3 billion in value.This recovery is explained by 
the rapid growth of the application tools and the 
application solutions segments. 

1.1. Trends in Systems Software 

The systems software market grew 5.4% to 
ECU 12 billion in 1994, and represented 47.6% 
of the total packaged software market. Growth 
results from differing dynamics affecting the 
system-level software and the application tools 
sub-segments. 

The following is an overview of the major 
trends shaping future growth in the systems 
software and the application software markets. 
Object-oriented software technologies are a 
bright spot within the system-level software 
segment and are analysed in a special paragraph 
at the end of this section. 

1. 1. 1. Systems Software 

Systems software grew and will continue to 
grow slowly as market inhibitors are overpower
ing growth accelerators. 

The factors inhibiting systems software growth 
are mainly: 

- the continued erosion of demand for main
frame and minicomputer operating systems; 

- the continued decline in price points for 
"open" operating systems and newer ad
vanced operating systems. 

The instability of prices is still high, as prices 
are likely to be driven further downward by: 

- increased users' expectations of price de
clines in software, triggered by the availability 
of lower-priced hardware platforms; 

- price competition occurring when products 
approach functional adequacy and wide
spread market penetration; 

- fiercer market share battles. 

Growth will be leveraged mainly on the 
following positive factors: 

- the emergence of new technologies that sig
nificantly decrease costs associated with appli
cation portability, reusability, extensibility, 
and that position a vendor as a low-cost 
producer; 

- the increased availability of integrated tools 
that successfully generate high-intensity 
complex distributed applications; 

- the expected increase in end-user demand 
for higher levels of data center automation 
across disciplines such as operations manage
ment, performance management, problem 
management, and change management; 

- a relatively healthier growth of middleware, 
network operating systems, and new systems 
management tools for the distributed open
systems market, which will be key market 
drivers. These segments are expected to grow 
worldwide as data centers continue to con
solidate and as enterprises seek to manage 
their expanded, distributed, heterogeneous 
networks in more efficient, cost-effective ways; 

- the increased visibility for users of the 
strategic importance of information needs. 
In order to leverage the potential of new 
distributed architectures, users will require 
the availability of integrated tools that 
successfully generate high-intensity complex 
distributed applications. There will also be an 
ever growing end-user demand for increased 
levels of data center automation across dis
ciplines such as operations management, 
performance management, problem man
agement, and change management; 

- the expanding users' perception of software 
as a strategic factor of production. 
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The development of strategic applications 
requires sophisticated tools, environments, and 
operations management since these applications 
are logically complex, spatially distributed, and 
heterogeneous in topology. However, the funda
mental change implied by redesigned business 
processes takes time, planning, and budget 
influence. These factors combined with the 
reluctance of management to commit budget 
dollars and resources to long-term investments 
will certainly slow the rate of adoption of enter
prise systems. 

The most successful system-level software 
products will embody the following attributes: 

- increased power and ease of use; 

- extensibility to protect a customer's present 
and future investment and facilitate strong 
account control; 

- a low-cost basis of production to enable more 
flexibility in pricing strategies as well as the 
potential for increased margins. 

Key market trends by major product areas 
are the following: 

i. Operating systems 

The growth of the PC market, and the in
creased penetration of open standards (with the 
lead of Unix) have fundamentally reshaped the 
system level software market as multi-users pro
prietary systems have consistently lost ground. 

Although the tactical battle continues be
tween leading PC operating systems options, the 
most important news pertains to the strategic war 
shaping up for control of enterprise operating 
systems. NT has generated a remarkable amount 
of interest, even if it still represents only a very 
small share of the OS marketplace. 
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ii. Middleware and other utilities 

Middleware is software residing between 
the operating system or the network operating 
system and the end-user application, insulating 
applications from platform differences. The 
market has been boosted by the outbreak of 
Graphical Users Interfaces (GUis). 

Future prospects are very positive overall. 
As a larger proportion of the desktop users com
munity migrates to distributed and networked 
environments, the use of G UI appears to be a 
cultural pre-requisite. While Unix will continue 
to be one oft he key market drivers, Windows NT 
is expected to gain influence as it provides a 
natural transition path from the DOS-Windows 
world. 

Additional important market concerns will 
be the stability of prices as GUis appears more 
as commodity products. Also, users' concerns 
about intercompatibility of standards will push 
vendors to seriously address this issue as 
accounts become increasingly volatile. 

iii. Business management 

Opportunities in this market are likely to be 
driven by the rapid penetration ofLANs, whereas 
distributed computing needs are likely to gen
erate new challenges. While the mature nature 
ofmost security products allows them to accom
modate the characteristics of a distributed en
vironment, accounting and charge-back policies 
become much more complicated with the higher 
level of automation required to administer these 
functions. 
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iv. Change management 

Despite all of the interest in client/server 
computing, the trickle-down effect has yet to im
pact the change management tools encompassed 
by this market. Significant opportunity exists in 
this market, although the extent to which these 
opportunities will be realized remains unclear 
since the adoption of client/server computing 
and distributed processing is required to instill 
the uncontested need for these products. 

v. Configuration management 

As distributed computing becomes the 
norm, configuration management products will 
evolve from local or work group products to 
industry-focused, enterprisewide solutions. 
Configuration management tools are gradually 
becoming an integral building block of appli
cation development, change management, soft
ware distribution, problem management, and 
asset management. The ability to deliver scalable 
products that have the capacity to grow with the 
users'needs as well as an architecture to promote 
interoperability with other tools and operating 
environments is a key for growth. 

vi. Operations management 

The traditional mainframe focus of this 
market, which is not only saturated but in de
cline, limits growth of the operations manage
ment market. From a host-centric view of the 
world, the increasing need to manage hetero
geneous environments will continue to provide 
paths for current tools to increase their scope. 

Alternatively, as high-powered midrange 
systems begin to encroach on mainframes, the 
demand for more sophisticated tools to manage 
these medium-scale platforms will increase. 
Finally, technology will provide yet another 
avenue to rejuvenate this market as expert sys
tem capabilities are woven into tools and enable 
analysis and control of complex situations. 

vii. Performance management 

Since the market for mainframe performance 
monitors is saturated and the outlook is for a 
declining mainframe installed base, attention is 
now turning to other operating environments. 
Given the bright future of distributed systems, 
and the increased complexity ofbalancing work
loads and capacity across multiple processors, 
many opportunities remain in this market. 

Thanks to better enabling technologies and 
frameworks to support performance and opera
tional tools, the ability to capture data has now 
far exceeded the ability of users to cope with the 
increased volume of information. Consequently, 
performance management tools will increasingly 
need to adopt more operational, proactive, and 
anticipatory functionality to automate and 
simplify the performance management process. 

viii. Problem management 

The future of problem management is likely 
to have a distinct client/server flavour as LANs 
proliferate and more powerful integrated tools 
become available to better manage enterprise 
network problems. Areas of importance, as de
fined by help desks, include more integrated 
problem tracking and management, problem 
emulation, online product and service documen
tation, and improved data analysis capabilities. 

As more structured and integrated tools 
become available to manage the data center, the 
ability to offer more capable problem manage
ment tools becomes easier. The role and direc
tion of problem management are evolving from 
mostly manual problem tracking and coordina
tion to more automated problem diagnosis and 
support. In addition, help desks will become a 
more vital component in the feedback loop be
tween technical product support and new prod
uct development. More sophisticated frame
works and enabling technologies will lead to 
more multifunction products and integrated 
solutions. 
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1.1.2. Application Tools 

The application tools segment experienced 
strong growth due to transition to relational data
bases, object orientation, and the trend towards 
client/server architectures, which appears to be 
the fundamental guiding force which will reshape 
both users demand and vendor positioning. 

The outlook is positive. Demand will increase 
for client/server tools as organizations search for 
methods to enhance productivity, reduce costs, 
optimize resource utilization, and migrate to a 
more flexible and scalable computing archi
tecture. While most of this demand will be met 
in the short run by tactical tools, user needs will 
become more sophisticated with experience and 
drive the demand for increased levels of tool 
integration, interoperation, reuse, and maintain
ability. 

Object-oriented languages will also see rapid 
growth due to their ability to provide a more in
tuitive and flexible basis for application develop
ment. In the long run, tools that deliver on the 
promise of distributed computing are expected 
to be a very important area of growth. Although 
the rate at which individual tools markets are 
able to respond to user demands for distributed 
computing tools is a function of the complexity 
resident in these tools, overall growth is expected 
to be high over the following years. 

The following are key market trends by major 
product areas: 

i. 3GL and utilities (non-object)/ 
4GL and report writers 

The 3G L market has been reborn as vendors 
rush point solutions and programmer utilities to 
increase the productivity of 3G L programmers, 
which remain the single largest group of applica
tion developers. As opposed to 4G L or CASE 
tools, point solutions experience few barriers to 
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adoption at either an individual or an organiza
tional level. Consolidation is expected in this 
mature market as larger vendors compete on 
price and capture smaller independent software 
vendors to expand their product offerings. On 
the technological frontier are new testing para
digms for cross-platform code and tools to 
evaluate and encapsulate legacy code for re
engineering and redesign. 

Within the 4GL user community, the high 
priority placed on cross-platform portability and 
scalability is observable. The 4GL market will 
experience less intense price pressure from low
end application development products targeted 
for networked PCs. Product differentiators will 
continue to be the automated generation of in
tegrity, transaction, and screen navigation code 
available in high-end products. Also, portability 
and DBMS access features will continue to dif
ferentiate 4G Ls and maintain price differentials 
for the forecast period. 

As in other markets, more 4GL vendors are 
expected to begin announcing the availability of 
business objects. Objects will enhance code 
reuse and the ease with which code is ported to 
other environments. 

ii. Artificial Intelligence (AI) 
and expert systems 

The AI/expert system tools market is in the 
process of a fundamental transformation. Vend
ors in this market are focusing on increasingly 
more complex challenges such as downsizing, 
selectable graphical interfaces, and distributed 
applications. 

The AI and Expert Systems market is there
fore facing serious challenges. Object libraries 
for general purpose functions like G U Is and 
information access are rapidly becoming com
modities in the hands of large system vendors, 
thereby severely reducing prices. 
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iii. Workbenches 

Artificial intelligence/expert systems market 
vendors are emphasising their support for object
oriented development within their product lines 
by offering workbench tools. Workbenches are 
integrated and highly productive development 
environments that ease the development of ob
ject-oriented applications by allowing users to 
perform analysis and interactively design pro
grams at a high level of abstraction. 

iv. CASE (non-object) 

In the past, CASE vendors lost valuable time 
in shipping integrated products that produced 
credible client/server code simply because of the 
difficulty of producing an integrated versus a 
point solution .The situation is currently chang
ing. Object technologies are expected to be used 
both to ease the development task of building 
and maintaining flexible products and to ease the 
problem of organizational adoption. Relatively 
little price pressure compared to other tools 
markets is foreseen since products are at the 
beginning of their next functionality cycle. 
Within this cycle object features and the genera
tion of true client/server code will be included. 
Significant differences among products in terms 
of scalability and transparency of cross-platform 
portability remain. 

v. DBMS engines (non-object) 

Worldwide penetration of relational data
bases as the primary DBMS technology has now 
reached 50% worldwide. There are a multitude 
of reasons for the success of relational engines, 
stemming from design characteristics that pro
mote data independence, data transparency, dis
tributed heterogeneous data access, unparalleled 
interoperability, standardized data access, and 
navigational transparency. 

The outlook for relational engines is bright 
and the growth of the relational DBMS market 
should continue. The availability of new rela
tional capabilities, combined with minimal in
vestments in nonrelational products, is rapidly 
positioning RDBMSs as the foundation for 
enterprisewide distributed heterogeneous data 
management. Although much of this demand 
will come at the expense of non relational tech
nology, the transition from nonrelational to 
relational DBMSs will take years to accomplish 
given the large number of nonrelational legacy 
applications of a mission-critical nature. Dis
tributed DBMS, multimedia capabilities, and 
expanded heterogeneous interoperability will 
also increase in importance to end-users as more 
attention is focused on distributed computing. 

The economics oft he segments are, however, 
under several threats, including an increasing 
price erosion at the low end occasioned by 
"spoilers" addressing the small company "mass 
market". The slowing of both old and new high
end systems shipments is also a major threat for 
multi-user systems-based DBMS vendors. On 
the other end, an acceleration oflow-end sales as 
smaller sites adopt client/server applications is 
being observed. Strong demand for usage-based 
pricing also exists and is being followed logically 
by the implementation of alternate licence 
models. 

vi. End-user data access (EUDA) 
and executive information system (EIS) 
builders 

Growth in EIS solutions targeted specific.ally 
at upper level management has begun to level 
off. Notably, the concept of intuitive end-user 
data access to corporate data introduced by EIS 
vendors has led to broader market opportunities 
- for knowledge workers in general. Parallel, 
middle and lower-level management are be
coming more important as implementation 
drivers and users ofthe system. Support for open 
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systems, client/server, and better tools for data 
integration are among the more commonly 
demanded features by EIS users and evaluators. 

End-user data access (EUDA) encompasses a 
broader market opportunity. It introduces a new 
option in information technology that had not 
yet been feasible. Graphical user interfaces, data 
access middleware,and intelligent desktops have 
paved the way for end-user access to corporate in
formation. Integration ofEUDA with traditional 
business solutions will also promote growth. On 
the other hand, only a limited number of robust 
EUDA solutions exist. Many products lack the 
robust data management capabilities that IS 
managers will require before allowing users to 
query corporate databases. The challenge is to 
deliver industrial strength products and to build 
credibility within IS organisations. 

EUDA tools do not, by definition, include 
stand-alone data access middleware products. 
Therefore, EUDA products will capture only 
a portion of the software revenue potential. 
Furthermore, EUDA market estimates do not 
include products such as databases that may have 
features for end-user data access. 

vii. Spreadsheets and business modelling 

PC spreadsheets continue to drive market 
growth. The emerging market for PC modeling 
tools will cause further decline in host-based 
business modelling revenue. PC modelling tools 
will become more mainstream than traditional 
decision support products and will generally 
command a higher price than two-dimensional 
modelling. 

Price wars will remain a threat to this market. 
As functionality becomes less of a differentiator, 
vendors will need to add value elsewhere in order 
to command higher prices. A key area is the 
integration of business metaphors , making 
generic products more valuable to specific 
market niches. 

The lnf01mation and Communications 
Technology (!CT) Market in Europe 

This market is largely a displacement market. 
Fortunately for market revenue potential, prod
uct life cycles tend to be shorter for PC products 
than host-based products, and counter market 
saturation despite the thorough penetration of 
these products. 

viii. Statistics and technical data analysis 

Although statistical software is a key tool 
used by researchers in a variety of industries in
cluding pharmaceuticals and insurance, growth 
rates in this market have leveled off due to high 
market penetration. Technical data analysis 
(TDA) has emerged as a specialized segment of 
statistical data analysis in such functional areas 
as: technical data analysis for industrial design of 
experiments; clinical trials testing; exploratory 
data analysis; high volume and real-time statisti
cal analysis; and multi-dimensional surface and 
flow diagramming. 

The integration of statistical tools with 
business and task-specific metaphors will ex
pand the market opportunity for statistical and 
technical data analysis software. 

ix. Other professional support tools 

Technical calculation software is an example 
of a product that falls into this "other" catch-all 
category. Technical calculation software is based 
on the blackboard/scratchpad metaphor. These 
products enable users to proceed through a 
calculation sequence by progressively build
ing equations and solving them. Additional 
examples include other specialized engineering 
tools and econometric modelling tools. 

1.2. Trends in Application Software 

The application software market grew 7.9% 
to ECU 13.3 billion in 1994 and represented 
52.4% of the total software products market. 
A 9.1% CAGR throughout 1996 is anticipated. 
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A steady worldwide growth rate in the mid-1990s 
is forecast based on continued demand for 
chent/server and distributed packaged applica
tions , and the exploitation of new applications 
for workflow automation. Improved access to 
information is integral to the success of these 
applications. Information integration and multi
media features will also drive solutions market 
growth in the mid- to late 1990s. 

The application software market will be char
acterized by the following technological trends: 

- The growing popularity of client/server and 
open systems architectures is driving the 
applications solutions markets in Europe, as 
well as worldwide. In adopting client/server 
and open systems architecture, users hope to 
increase overall system cost/performance by 
minimizing network traffic and using more 
efficient cost per MIPS platforms such as 
PCs. Other potential benefits include in
creased end-user productivity through faster 
response times, easier access to cross-plat
form applications and information, and more 
computing flexibility. Scalability of open 
systems applications will enable Information 
Systems to tie systems investments closer to 
changing requirements. 

- As users gradually shift from the experi
mental phase of client/server and start im
plementing true client/server designed 
solutions, the market will draw full benefit 
from the client/server trend. Higher prices 
commanded by new client/server solutions 
will initially drive revenues upward. In
creased competition on platforms such as 
N etWare and Windows NT over the next few 
years may force vendors to reevaluate pricing 
policies, possibly driving all platform prices 
down. This may restrict the revenue growth 
in the long term. 

- The increasing penetration ofUnix platfom1s 
is leading to an increase in spending on appli
cations solutions. The openness and scal
ability of Unix platforms are attractive to 
users that are considering replacing their pro
prietary legacy systems . Unix offers flexibility 
in platform and software choices, the ability 
to upgrade their systems to incorporate 
growth , and decreased price/MIPS. The 
current importance ofUnix as a client/server 
platform for applications software is an 
excellent revenue opportunity for vendors 
offering these solutions. 

- Although still in its infancy, object-oriented 
programming will impact application vendors 
and users. Vendors hope encapsulation and 
reuse of software technology will shorten 
application development time, thereby in
creasing the ability to create and modify 
applications more quickly to meet market 
needs. 

Key market trends by major application area 
are the following: 

i. Accounting 

In the accounting software market, client/ 
server and open systems architectures are be
coming more popular. Users, evaluating and 
changing their business processes, are integrat
ing newer technologies and accounting is one of 
the areas most often targeted for implementing 
client/server technology. The growing demand in 
end-user organizations for better integration and 
access to financial and human resources in
formation across the enterprise will continue to 
force companies to search for new ways to auto
mate their systems. The flexibility and scalability 
of distributed architectures will improve and 
continue to attract companies looking to right
size and reengineer. 
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The growing number of available client/ 
server applications software will continue to 
motivate organizations to consider client/server 
solutions. Improvements in client/server tools , 
security, and systems management software 
should help make client/server accounting 
implementations more reliable and valuable to 
corporations. An increasing number of client! 
server implementation success stories wil1 
compel other organizations to consider a client/ 
server solution. Higher prices commanded by 
new client/server solutions will initially boost 
revenues, but price cuts will come with increased 
competition over the next few years, reducing 
revenues towards the end of the forecast period. 
Maintenance revenues from large installations 
will remain a critical source of income. 

ii. Banking/finance 

Like many other software markets , the bank
ing/finance industry is beginning to take advan
tage of client/server computing. Downsizing is 
affecting platform and software spending in that 
users are moving major applications off their 
central computers onto smaller, distributed plat
forms. However, the growth in the banking/ 
finance software market will be restricted by the 
continued popularity of internal development 
and facilities management. 

A market driver is the steadily increasing 
competition among banks, particularly in the 
area of customer services. This is forcing many 
financial and banking organizations to adopt 
new types of architectures (like client/server) 
better suited to increase the level of end-user 
data access. 

iii. Distribution 

Distribution managers are actively consider
ing, evaluating, and implementing new distribu
tion technologies. Barcoding and just-in-time 
(JIT) links are the two most popular develop
mental technologies. The ongoing popularity of 
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barcoding exemplifies the amount of time ne
cessary for a relatively mature technology to work 
through an entire industry. The complexity ofJIT 
implementation offers strong potential for sys
tems and communications vendors. The remain
ing technologies offer significant targets for well
positioned vendors who can target distribution 
decision makers effectively. 

iv. Human resource (HR) management 
and payroll 

Where open systems and client/server-based 
accounting systems are installed, many next
generation HR systems will be in demand . New 
market opportunities are to be found in the 
displacement of older generation HR software 
with solutions that support users ' current needs 
by using such technologies as imaging, workflow, 
and e-mail. Some HR departments, similar to 
users in many other applications software mar
kets, want to decentralize their computing to 
decrease costs and empower users with access to 
personal and employee program information . 
HR benefits are increasingly used as a competi
tive advantage to streamline the enrolment, 
training, and informing of employees. Creative 
benefit packages also attract and keep good em
ployees. For example, flexible benefit software 
has menus that allow users to tailor their benefit 
packages to meet thei.r specific needs. 

Security is an important issue for HR depart
ments because of the sensitivity of much of the 
information that is provided (e.g. salary, medical 
records, etc.). Vendors must manage the distribu
tion of information, as well as ensure security 
where necessary. Newer technologies can help 
HR departments minimize resources while 
servicing the company more efficiently. 
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Expectations of positive trends for this mar
ket are grounded on the following observations: 

- The positioning of HR software as a com
petitive tool will drive new sales by tempting 
HR departments to invest in the newest HR 
technologies. 

- Displacement of older generation software 
with newer systems will drive new licence 
revenues. Competition for quality employees, 
as well as cost reduction, will offer incentives. 

- The sustained increase in the number of 
government laws and regulations will en
courage HR departments to invest in HR 
software that can manage expanding base of 
information. 

v. Insurance 

Client/server technologies and multimedia 
applications are becoming more important to 
the insurance industry. The revenues of the 
insurance software market are expected to come 
from an increasing shift from internally-devel
oped and customized applications towards 
packaged software in the insurance industry. 

Although security, confidentiality and cultur
al inhibitors are still major obstacles, the avail
ability of an ever more complete client/server 
applications catalogue, as well as the increasing 
emphasis on returns on packaged software 
investments, will increasingly drive insurance 
companies towards standard solutions. Also an 
increased number of investment decisions in 
software integrated with technologies such as 
client/server or open systems architectures, 
object-oriented technologies, and multimedia 
applications is expected. 

vi. Manufacturing 

An increasing portion of demand from the 
worldwide manufacturing market will be for the 
replacement of older systems with solutions that 
incorporate new technologies. The technologies 

that will enable business process improvement 
are distributed platforms, client/server technol
ogies, workflow automation, and end-user pro
ductivity tools such as decision support. New 
sales of products will be concentrated more on 
products that embrace technologies such as 
Unix, object-oriented programming, and CASE. 

Particularly important emerging market 
opportunities are the replacement of mature 
systems based on older technologies, as well as 
sales to manufacturers that are rightsizing, re
engineering their business processes, or those 
that require global support not available in exist
ing systems. 

vii. Project management 

Sales of products for project management 
will be increasingly concentrated on products 
that embrace technologies such as Unix, object
oriented programming, and CASE. The emer
gence of easier-to-use, Windows-based PM soft
ware products has bolstered vendor revenue and 
will continue to drive growth. The integration of 
project management with these technologies, as 
well as workflow, and facilities management 
processes will also be driving market growth. 

viii. Word processing 

DOS and OS/2-based products will continue 
to weigh down the average growth rate of the 
worldwide and European word processing soft
ware market over the next several years. Word 
processing packages are competing more on 
functionality, price, and interoperability, and 
vendors are seeking competitive advantages 
by integrating technologies such as e-mail, 
groupware, multimedia, and providing cross
platform support. 

lncreasing sales of laptop, notebook, and 
other mobile computing platforms will spur 
investment in word processing packages by en
couraging multiple word processing packages 
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per user. Notably, as it is common with PC soft
ware, illegal copying continues to restrict new 
sales opportunities. 

ix. Mechanical CADICAEICAM 

The availability of new operating systems pro
viding Unix-like capabilities while looking like a 
Windows upgrade; the launch ofintel's Pentium 
chip providing workstation-like performance at a 
competitive price; and the increasing cost sen
sitivity among manufacturing sites have been the 
three converging events that gradually changed 
the mechanical CAD/CAE/CAM software 
market throughout 1993 and 1994. 

The mechan.ical CAD market is expected 
to undergo a fundamental change from a tech
nology-driven to a "commodity" market. Mature 
product segments like design and drafting will 
be the first to be affected by these changes. The 
impact of Windows NT on low-end systems
based tools is real. Users are paying increasing 
attention to lower-priced software solutions, 
even at the expense of some high-level features 
and performance. The support for Windows NT 
often is seen as a way to achieve lower cost of 
ownership and cost of maintenance of hardware 
environments. 

New pricing and packaging models are ex
pected to emerge, while competition will require 
players to reduce internal costs for software de
velopment and maintenance and develop new 
lower-cost indirect distribution channels that 
can reach users who in the past have remained 
unautomated. Independent software vendors 
and value-added resellers are seeing their market 
opportunities increase as leading products be
come available to users who require integration, 
training, and support services . Lower costs per 
seat may lead to more seats per company, in
creasing opportunities for add-on sales, such as 
specialized modules, translators, libraries, as 
well as training and possibly maintenance. 
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Growth in Product Information Management 
(PIM) software is another major trend within the 
CAD marketplace. PIM provides engineering 
groups with the software tools required to 
coordinate the design process electronically. 
Although PIM is a product area that has taken a 
long time to emerge, it is now recognized as the 
gating technology for effective teamwork among 
engineers. Even more important, concurrent 
engineering will remain an effective solution 
without PIM to manage the overlapping product 
development phases. However, problems still re
side not only with the technology, but, more im
portantly, with the need forprocess change with
in each user group or at each user site. After all, 
information access is a highly political issue and 
will provide benefits only if every participant 
buys into the process. Growth of PIM vendors 
will largely depend on their ability to provide 
greater ease of use, decreasing costs per seat, 
consulting, and excellent customer support. 

The CAE market is believed to be less sus
ceptible to the immediate impact of Windows 
NT. Most users are highly trained engineers 
whose productivity depends on powerful plat
forms and long years of experience. Software 
vendors addressing this user stratum can expect a 
slow, but steady, growth rate that reflects manu
facturers' overall growth expectations. 

Even this user segment will not be totally 
oblivious to price developments in the rest ofthe 
marketplace, and some erosion is to be expected . 
Another factor will be the current downsizing 
from mainframes to workstations resulting in 
price cuts not only for software, but also for 
support and maintenance. Capabilities like 
motion analysis or mould filling/cooling analysis 
will not provide substantial additional revenue, 
at least within the next couple of years. 
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Spending for mechanical CAM tools in 
general will continue to be held back by the lack 
of forceful representation of manufacturing 
needs within corporate management, resulting 
in scarce funding for capital investments in 
manufacturing. Also, the high degree of custom
ization for manufacturing software is a major 
market inhibitor: Most traditional CADI CAE/ 
CAM software vendors do not have sufficient 
experience in this market segment. Future 
growth in this market segment will come from 
products that can potentially provide consider
able cost savings in manufacturing- specifically, 
tools to evaluate the manufacturability of a 
design early in the design phase and tools aimed 
at design optimization. 

x. Eledrical design automation (fDA) 

The increasing maturity of the EDA market 
will result in some degree ofprice erosion. The 
evolution of the EDA market is expected to be 
characterized by growth in high-tech market 
segments like telecommunications, as well as 
embedded control components in automobile, 
consumer goods, and printers. 

xi. Spatial data management 

Spatial data management is a horizontal tech
nology with broad applications in many market 
segments. Each has its unique set of require
ments for data, software and distribution.The po
tential market for spatial information technology 
in consumer products, business applications, and 
mission-critical systems is several orders of mag
nitude larger than any geographic informations 
systems (GIS) market that now exists. 

The spatial data management market is 
mainly driven by factors such as downsizing of 
current high-end applications, the packaging of 
data and applications, the integration of spatial 
data technology with large-scale MIS systems 
and with advanced statistical applications, and 
sales of spatial API toolkits. Other factors driving 

this market are: the provision of Unix-like 
capability at the commodity pricing by new 
operating systems; the increasing availability 
of trained GIS professionals; the increasing de
mand for GIS tools for commercial applications: 
the increasing focus on integration and consult
ing activities; and the improving spatial data 
acquisition. 

For the longer term, many large software 
developers are expected to integrate spatial 
functions into their products. This trend is good 
news for end users, but is likely to cause sig
nificant problems for traditional GIS companies 
that must adapt to fiercely competitive and 
unfamiliar distribution channels. 

1.3. The Emergence 
of Object-Technologies 

All market segments based on object
oriented (00) technology are analysed within 
this section in order to give a comprehensive 
view of the development of the technology 
throughout the total software market. 

The current market is centered around 
technical applications, e. g., CAD/CAM, and 
workgroup applications like office automation, 
and the dominant users are ISVs themselves 
who have chosen C++ as a language primarily 
because they were already programming in C. 
The second group of consumers is the advanced 
technology groups in large corporations. These 
organizations arc large enough to reap the bene
fits of object technology that can come from mul
tiple projects, and can atlord the cost of acquiring 
and evaluating the 00 products currently on the 
market. They also tend to have professional pro
grammers with skill mixes similar to the ISVs. 
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The markets for analysis and design tools 
and that for object databases follow the object
oriented programming market. All of these mar
kets and the associated products are still in their 
early stage of development. Thus, the primary 
t~1ctors retarding growth of this market are the 
undeveloped methodologies and the limited 
feature sets of the corresponding tools. Many 
organizations, especially the conservative MIS 
community, are watching market activity, trying 
to judge when to risk resources on evaluating 
what they perceive to be rapidly changing 
methods and products. 

It is the broader market of commercial end
user organizations, the MIS community, that 
holds the key to the growth of the object technol
ogies market. 

There is a growing user interest and a 
strong demand for application development 
for Windows 3.1 and graphical user interfaces 
in general. In order to address this interest and 
assuage some of the perceived risk that is an 
inhibitor to market growth, object technology 
will take on more palatable forms. The MIS 
community will not be asked to leap into C++. 
What will draw them instead will be develop
ment environments that work at a higher level 
ofabstraction, either CASE tools, 4G Ls, or visual 
programming environments built on top of 
languages. 

With these environments will come sets of 
reusable components in several forms (e.g., parts 
libraries, and frameworks). The advent of object
oriented operating systems later in the forecast 
period will reinforce this trend. Progress by 
the Object Management Group with its proto
standards for distributed object processing will 
also accelerate market growth. Ultimately, it will 
be the realization that the benefits promised by 
object technologies arc real and measurable that 
will strengthen the momentum of this market. 

The lt!f(mnation and Communications 
Technology (ICT) Afarket in Europe 

Key market trends by type of product arc the 
following: 

i. Object-oriented programming 

The market's growth is driven by: 

the real and substantial benefits of using 
object technologies; 

an increasingly diverse array of products on 
a broader set of platforms. 

Object-oriented programming, used proper
ly, promotes the reuse of code. Applications can 
be written in less time, and be easier to enhance 
and maintain. Object-oriented design is an 
effective way to tackle large complex systems. 
The broad acceptance of object-oriented pro
gramming by the rsv community is resulting in 
a plethora of application solutions and other 
software products that are inherently object 
oriented. Programmers in end-user organiza
tions will increasingly be forced towards object
oriented programming as they try to integrate 
their own programming activities with these 
products. 

Product enhancements can be split into three 
basic areas: 

Basic performance - especially with the 
move to faster compilers- can be seen in the 
greater proportion of native compilers, the 
emergence of incremental compilers, and 
the inclusion of items such as precompiled 
headers. 

Increased programmer productivity, with 
greater usc of incremental linking, and better 
browsers - particularly browsers that are 
"class conscious" (i. e. allow programmers 
to search class hierarchies, and view class 
attributes and methods). 

Products intended to support larger pro
gramming projects, especially teams ofdevel
opers (also referred to as programming in the 
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large). This area is expected to become in
creasingly important as object-oriented pro
gramming projects move beyond evaluation 
prototypes to more demanding, large, com
plex production system developments. 

The main factors retarding growth of object
oriented programming are in order of impor
tance: 

- the need for expensive retraining of devel
opers to learn a significantly different devel
opment paradigm; 

- MIS managers cautiousness vis-a-vis the 
immaturity of the technology itself. Many 
MIS managers are carefully monitoring the 
progress of the technology as embodied in the 
programmer's development environment 
products, but they do not want to get involved 
with the technology too early, when the risks 
are still high, and there is still a lack of metrics 
for the benefits associated with reuse; 

- the lack of migration tools companies and 
a sense of confusion surrounding object 
technology in general, generated by the oc
curring misappropriation ofthe term "object
oriented" in the market. 

ii. Object CASE 

Object CASE is still an immature technology, 
which will continue to evolve and mature with 
successive generations and refinements, espe
cially as broader adoption and use creates valu
able feedback to the proponents of various meth
ods, allowing them to augment or modify their 
methods and tools. No method today covers all 
aspects of analysis and design for all application 
domains; furthermore, many tools that purport 
to support one method fall short of full support. 
There may be some potential for a unified view 
that is a superset generalized from all the metho
dologies, and this superset might form the basis 
for a repository standard for OOAD tools. 

A continuation of alliance activity, in which 
players within this market combine various mar
keting and technology strengths, is expected. 
Alliances with vendors of complementary prod
ucts will also proliferate. One other aspect of 
this activity will be alliances between large 
systems vendors and the smaller niche players 
who can deliver the specific product capabilities 
needed to round out the product offerings of 
the large players as they assemble their object 
technologies product portfolios. Some of these 
alliances may take the form of acquisitions or 
minority investments. The net effect will be 
to pump additional investment funds into this 
fledgling market for the next two or three years. 

Growth dynamics will be affected by the 
following market drivers: 

- Spreading awareness among potential users 
of object technologies that to successfully 
gain the advertised benefits of the technol
ogies in their organization (e. g., productivity 
through reuse,andhigherqualityofsoftware) 
they must start with object-oriented analysis 
and design. This is even more true for object 
technology than for traditional procedural 
programming; 

- the rising availability of easily accessable 
training for object technology and analysis 
and design processing; 

- the publication of success stories high
lighting the use of object-oriented analysis 
and design; 

- the continued presence of old-style tools 
that do not offer significant progress. 

The major inhibitors that limit market poten
tial are: 

- the immaturity of the methodologies and 
the limited feature sets of the corresponding 
tools; 
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- users' inhibitions about CASE tools in 
general because of the hype and subsequent 
disappointment associated with CASE tools 
for structured analysis and design. 

Product evolution will focus on three aspects: 

- Vendors with tools supporting a single method 
will support additional methods by either 
adding another tool for each new method or 
expanding their current tool to store model 
information in a semantic model and display 
it in different views that match the dia
gramming conventions of a specific method. 
Users will need to settle on a single methodo
logy for use in their organization. They will 
almost certainly want to customize any tool 
they purchase to conform to the specifics of 
their organization's methodology; thus, a 
critical success factor for tools vendors will 
be the degree to which users can customize 
tools without compromising the validity of 
the underlying methodology. 

- Vendors will be refining (perhaps expanding) 
their existing products to cover a greater 
portion of the total methodology (analysis 
and design process) than what is currently 
offered. Vendors will, with the help of alliances, 
attempt to extend their coverage of the soft
ware development life cycle beyond analysis 
and design. This will take the form of better 
code generation, incorporation of reverse 
engineering capabilities, and interfaces to 
complementary products for testing, project 
management, and maintenance. It is not 
unreasonable to expect the inclusion of 
intelligent assists in moving from analysis to 
design, to code and test. 

- Current tools provide little in the way of feed
back to the designer. As time progresses, 
more prototyping expertise will be embodied 
in these products. 

The lr~;f'ormation and Communications 
Technology (JCT) Market in Europe 

Strong demand for training and consulting in 
connection with the adoption of object-oriented 
development in general, and specit1cally for 00 
analysis and design, is also anticipated. 

iii. Object DBMS 

Interest in object-oriented development is 
rapidly rising and product functionality is im
proving rapidly with application of object-data
base technology primarily in two areas: user
defined data types and complex data modelling. 

User-defined data types are a strength of 
object-oriented programming, and the ODBMSs 
provide complementary persistent storage. This 
capability is useful for application areas like 
multimedia, which require the processing and 
storage of additional data types not supported 
by relational databases, e. g., sound bites, and 
images. 

Complex data modelling is effectively 
supported by the ability of ODBMSs to follow 
pointers through hierarchical structures like 
assembly trees. For applications like CAD/CAM 
or geographical information systems, this ability 
can provide a 100-fold performance increase 
over a relational data model. Typically though, 
the ODBMS will replace a proprietary file system 
in these types of applications. 

Relational database vendors have added 
some features to their products to compete with 
the ODBMSs, e. g. the ability to store Binary 
Large Objects (BLOBs). This makes them 
marginal competitors with ODBMSs for multi
media applications. The basic difference be
tween relational and object databases will re
main: relational databases handle large amounts 
of data well, but not complex relationships; and 
object databases do well with complex relation
ships among the data, but do not yet scale up well 
to handle large volumes of data. 
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Although constantly improving, the ODBMS 
products are still relatively immature. More 
progress is required in the area of performance in 
applications that manage large databases. With 
some exceptions, tools sets are still relatively 
thin, and there is still no equivalent to SQL, i.e., 
no object query language. 

Furthermore, the perception among com
mercial users (e. g., MIS) that prospects for 
ODBMSs are not robust enough for their appli
cation domain is an important retarding factor. 
Most of the database suppliers realize this 
problem and have made major investments to 
improve the robustness of their products in the 
past year. 

2. Professional Services Trends 

The professional services marketplace has 
slowly come out of a crisis in 1994 with 7.8% 
growth. A new growth model of the European 
professional services market will start to emerge 
in 1996 and will be characterized by a series ofkey 
trends specific to individual market segments. 

2.1. IT Consulting 

i. Current trends 

On the supply side, the competitive environ
ment is changing as barriers between the IT 
Consultancy and the management consultancy 
markets continue to fade at an accelerating 
speed. The competition between management 
consultancies, which leverage their capacity to 
link business and IT issues, and traditional com
puter services vendors, which need to multiply 
their efforts, is accelerating. 

On the user side, corporations are becoming 
more aware of the importance of information 
technologies as a key competitive factor. The 
capacity of users to adopt new architectures or 
development technologies is conditioned by 
the adaptation of business processes. 

In order to roll out products and services, IT 
vendors must establish several consulting initia
tives and beef up their integration capabilities. 
The convergence of important IT innovations 
(open systems, powerful desktop performance, 
networking) generates new opportunities for 
IT consulting services. 

IT users are now keen on asking IT vendors to 
implement their recommendations. The drive 
towards improving processes is requiring con
sulting organizations to incorporate strategic, 
operational, human resources, and technology 
consulting into their service offering to some 
degree. 

IT Consulting services have become in
creasingly more important in the user organiza
tions that need to know how MIS departments 
and Information Systems can efficiently dovetail 
business trends and IT strategic options. The 
level of understanding IT issues is increasing 
significantly within the ranks of upper manage
ment partly because of the acceleration of tech
nology advances and their hands-on use with 
technology through the tenure of their careers. 
User corporations are now focused on how to 
perform and improve business processes, and 
not only on how to roll out the information tech
nology in the department or enterprise. Business 
Process Reengineering (BPR) services are there
fore experiencing a fast growth rate. 

ii. The emergence of 
Business Process Reengineering (BPR) 

B PR is a dramatic, yet systematic approach 
to changing the way an enterprise operates. The 
change provides major gains in financial per
formance, delivery of value to customers, and 
responsiveness to marketplace dynamics. 
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There are primary and secondary B PR 
services. The primary services relate to each 
major phase of a typical BPR program, and in
clude: assessment of strategic process objec
tives, identification of key process, technology 
transfer appraisal, and change management. 
Secondary solution services include IT planning 
and design, custom software development, and 
training and education. Interesting implications 
and potential opportunities exist for firms that 
might not offer BPR as a service itself, but may 
be able to offer PC software training, open-sys
tem development tools, or LAN /WAN network 
optimizations and management, G UI applica
tion expertise, industrial psychologists, and 
recruitment/placement services. 

The inhibiting action of cultural factors 
should not be underestimated, however. Many 
organizations today are just not ready to embrace 
BPR because they see BPR as a destabilization 
as it puts into question internal traditional boun
daries, and streamlining an organization's pro
duct delivery process would ultimately involve 
a tangled web of internal politics and egos. 

However, despite being slow and gradual, 
the changes in users' attitude is real. Moreover, 
IT customers are becoming aware that process 
redesign alone is not sufficient to achieve dra
matic improvements in business performance. 
Organization and behaviour must also change 
and IT is a means to achieve this goal. 

iii. Key future trends 

The following issues and trends will play a 
very important role in shaping the IT consulting 
business future growth: 

Recommending and implementing changes 
in business processes will offer lucrative 
areas of growth for management consulting 
firms who seek to tie business strategy and 
operations to technology initiatives. How
ever, for many of these management com-

The ln.fbrmation and Communications 
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panies the development of IT competencies 
includes some risks. Although most firms are 
keen on retaining their consultancy profile 
and on limiting their IT involvement to key 
strategy issues, it is becoming more and more 
difficult to separate technology from strategic 
initiatives and competitiveness in some in
dustries (like finance, for example). 

- As the number of IT vendors positioned 
in the BPR market increases, strategies will 
increasingly become more specialized in 
terms offunctional, technical and operational 
expertise as the strategic importance of 
large-sized professional services and systems 
integration contracts makes it ever more 
necessary for vendors to be able to supply 
consulting services as a basic component. 

- Although senior IS management continues 
to control the process of buying IT consult
ing, business unit managers are increasingly 
involved in the decision. 

- As information technology is increasingly 
incorporated into business processes, the 
benchmarking of various components of 
IT will become a service with high demand. 

The level of expertise in the BPR service pro
vision needs to match the customer's initial 
self-assessment of the main problem areas, 
and include a clear communication of re
quirements and risks. 

2.2. Custom Software 

i. Market environment 

The custom software business grew less than 
the entire professional business average, as are
sult of the changing professional services market 
environment. In most European countries, cus
tom software services have entered a "vicious 
circle" since the decreasing number of contracts 
has forced many vendors either to lay off part of 
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their staff, or to voluntarily downprice contracts 
in order to maintain a minimal level of activity 
to keep their staff busy. This price-war has been 
further exacerbated by the fact that users are in
creasingly moving towards packaged solutions 
and are re-considering their supply of services, 
selecting packaged software vendors with re
sistant services capacities. 

The market has not begun its transformation 
yet and the same factors will continue to create 
price instability, placing pressure on a large 
number of providers. 

ii. Key future trends 

The following trends will shape the segment's 
future growth: 

- Software maintenance is emerging as an im
portant market, not only because of consider
able market opportunities, but also because 
it focuses on many of users' worries. The 
move towards open systems, downsizing and 
upsizing, and the migration towards client/ 
server architectures are generating demand 
for specific types of software-related services 
such as the management and the mainten
ance oflegacy applications, the development 
and the maintenance of applications for 
structurally more complex architectures 
using advanced software development tech
nologies (object-orientation, CASE, etc.) for 
which users are often unprepared. 

- Opportunities for the custom software servi
ces market centered on packaged software 
and systems integration are huge, as demand 
for on-going software implementation and 
adaptation services grows. The implementa
tion of solutions requires an extensive effort 
in terms of software adaptation, of specific 
developments, which often can cost up to 
several times the price of the original pack
aged software. In this respect, the number of 
companies specializing in this activity has 
been increasing. 

- Software development tasks in distributed 
environments are far more complex than in 
traditional centralized systems. Developing 
truly distributed applications involves new 
methodologies and new software develop
ment technologies to which users are rarely 
conveniently prepared. This is a critical point 
as the software problem prevents users from 
realizing the full benefit of their new IT sys
tem. Although, this represents a window of 
opportunity for vendors to improve their mar
ket positions, it has crucial consequences in 
terms of positioning. While the average port
folio of installed applications at users sites' 
tends to increase, user organizations are in
creasingly asking their professional services 
providers for specific knowledge on their 
vertical market. Consequently, positioning as a 
full-fledged software maintenance company 
becomes ever more difficult for one single 
provider. This opens the door to software
maintenance integration strategies, in which 
one vendor would act as a project manager 
that handles all software maintenance issues 
and would sub-contract specific applications 
to third-party service vendors. 

- Users want to maintain control of the stra
tegic core activities of application develop
ment, design and planning, which makes their 
outsourcing attitude generally very selective 
in terms of which separate units or activities 
can be managed outside. Not only do they 
often believe that it would be impossible to 
find a vendor that would have the required 
level of knowledge to develop their applica
tions, but they also believe that application is 
too sensitive for business management to be 
contracted to an outside vendor. 
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2.3. Education and Training 

i. Market environment 

The overall growth of the education and 
training market has been limited by the effects 
of the economic recession. 

The demand for training services from within 
IT departments has shifted from focusing on 
technological and developmental issues to a con
centration on servicing the needs of the end user. 
Senior IT management now sees the role ofiT as 
providing management information, rather than 
the provision of specific operational efficiencies. 
This major shift in perception has implications 
for both the visibility of IT within the organiza
tion as a whole, and the role of the IT department 
in supporting the defined objective of senior 
management, and affect the requirements for 
training as well. 

The following technology developments are 
among the key drivers of the IT training market: 

- the growth in PC and Unix-based open sys
tems; 

- the huge increase in the variety and avail
ability of off-the-shelf software packages; 

- the move from stand-alone to networked 
computing; 

- the need for retraining of computer pro
grammers because of the shift from tradi
tional programming languages to object
oriented technologies; 

- the rapid growth in the networking, client/ 
server and object technology markets driving 
increasing demand for training in these tech
nologies (while growth in some of the more 
traditional training markets is more modest). 

Increasing requirements from a highly vola-
tile marketplace are coupled with very significant 
levels of competition between specialist training 
companies and hardware and software manu
facturers (many of whom are now offering 
multi-vendor training), systems integrators and 
C',nn~llltinP firm~ 

The b~formation and Communications 
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ii. Key future trends 

The following issues and trends will play 
important roles in the education and training 
sector: 

- Customers will exert considerable pressure 
to increase the value gained from their invest
ment in training. This pressure is manifested 
in a demand for a more efficient use of time 
through smaller class sizes, more focused 
courses and reduced travelling time. Within a 
competitive marketplace, these factors will 
put significant pressures on the economics of 
the business. 

- As network topologies become more com
plex and the rate of innovation in network 
technologies increases, organizations are 
striving to keep pace. IT managers are looking 
for the fastest, most cost-efficient and effec
tive way to train their personnel. Demand is 
increasing for training in network design, 
configuration, network management and 
LAN inter-network hardware. The need to 
gain expertise in the latest networking 
technologies is a key function of network 
managers and will fuel growth in network 
training. Networking will be a major focus 
for IT training in the mid-to-late 1990s. 

- Client/server architecture will also forge a 
major direction of the marketplace. Because 
of the newness of the technology, there is a 
shortage of personnel experienced in client/ 
server applications and architecture. Demand 
is expected to increase for courses that focus 
on fundamental aspects of client/server 
architecture, network/hardware configura
tion and application design. Furthermore , 
business issues centered around client/ 
server, like return on investment and 
management of client/server migration, will 
require training. 
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- The shift in computing from proprietary to 
multi-vendor systems will increase demand 
for open systems training. Managers are still 
struggling to come to grips with the concepts 
and capabilities of open systems. Another 
factor that is fuelling the need for training in 
open systems is the issue of system security. 
Managers need to have an understanding of 
the integrity of open systems at their sites. 
In the open systems market, the issues of 
technology standards, understanding the 
benefits of open systems implementations 
and open systems security are expected to 
create significant demand for training over 
the coming years. 

- Object-oriented technology is also expected 
to gain widespread acceptance as a develop
ment tool. Object technology is being en
dorsed by both system vendors and inde
pendent software vendors as the application 
development technique for the 1990s. In 
languages, C++ is the clear leader, having be
come the language of choice among software 
vendors for the redesign of their products. 
The user community is lagging behind vend
ors in object-oriented language adoption. 
Changing to object-oriented programming is 
not a trivial task, and programmers, even 
those experienced in C, can expect to spend 
several months to become effective C++ 
developers. Hence, training is extremely 
important. 

- Other major areas of focus will be software 
applications (especially Windows-based 
applications) like application suites, pro
gramming languages, and operating systems. 

iii. Delivery methods evolution 

The training services business is also set for a 
period of important evolutions as far as delivery 
methods are concerned. Attention is now fo
cused on the evolution of technology-based 

training. Dedicated workstations equipped with 
multimedia applications for training are becom
ing more prevalent in both the classroom and the 
workplace. Meanwhile, new developments in 
video-conferencing and distance learning tech
nologies, as well as networked training available 
via client/server technologies, are adding to 
training's shift to the desktop market. 

The success of computer-based training 
(CBT) stems from its searchability, as well as 
its performance-tracking functions. In addition 
to the performance measurements that CBT 
provides, it offers other significant benefits that 
make it a successful alternative to classroom 
training. CBT gives the user the ability to control 
the pace of training, it makes standardization of 
training across the company feasible and it con
trols training costs for companies with limited 
resources. 

2.4. Outsourcing and Facilities 
Management 

i. Market environment 

The outsourcing and facilities management 
(FM) market has taken off in Europe, and has 
literally driven local services market growth in 
some country markets. For example, it has vir
tually exploded in 1993 in Northern European 
countries (particularly in Sweden), while major 
contracts have been signed in the UK, and the 
French market surged. 

Facilities management is at the cross-road of 
technological trends and of users' evolutions. 
The increasing number of contracts signed, espe
cially in northern European countries, is clear 
evidence of the maturation of the outsourcing 
mentality among European users. 
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Public Authorities are, in many countries, 
divesting from DP activities, transferring State
owned DP processing assets to private investors. 
However, the political process required for 
taking such decisive steps for dis-involvement 
of DP processing activity in other European 
countries is significantly more complex. 

ii. Key future trends 

The following issues and trends will play a 
very important role: 

Global economic factors will contribute to 
the growth of the outsourcing market. Organ
izations, both private and public, are willing 
to re-focus on their primary markets and de
facto the provision of D P services is not 
always seen as fitting in this goal. As a con
sequence, divestiture initiatives, as already 
reported in the UK and in Sweden, will mul
tiply until the end of the decade. Provided 
that secrecy and confidentiality requirements 
are met and that political inhibitors are 
mastered, major steps could be taken in coun
tries like such as Italy and France. 

The fundamental evolution of the IT market 
towards networked and distributed comput
ing also support growth of the outsourcing 
market. An increasing number of users are 
frustrated by severe difficulties in forecasting 
IT costs and by the lack ofcontrol over the de
velopment and the coordination of informa
tion systems (with dramatic consequences 
being software incompatibility, insufficient 
level of standardization, a lack of coordina
tion between business units making IT pur
chasing decision, and a difficulty to master 
costs and to judge returns on IT investments). 

The 11!/brmation and Communications 
Technology (!CT) Market in Europe 

A more coherent system is now being devel
oped (for example by interconnecting sepa
rate islands of distributed environments). 
More emphasis will also be placed on corpo
rate and divisionwide networking and com
munication policies, while the number of 
business-level IT departments will stabilize 
and basic rules and standards will be enforced. 

For outsourcing providers this challenge is 
increasingly important. Distributed archi
tectures are by nature "chaotic" (hardware 
and software from a multitude of sources: 
proprietary and/or UN IX Minis, Unix/OS/2/ 
DOS servers, different LAN operating sys
tems) and the business structures behind 
them are not always stable (companies in 
reorganization, mergers, divestiture). Distri
buted organizations have to reconcile many 
different sites and locations while maintain
ing a global management style. Distributed 
systems are used increasingly to run mission-
.critical applications with high security re
quirements. 

However, market inhibitors should not be 
under-estimated, as they will have a selective 
impact on a geographical and vertical point of 
view. Germany, for example, still lags in terms of 
market development, as the attitude of the aver
age IT user in Germany is still more "shy" towards 
involving an outside partner in the IT strategy. 
As a result, the development of the local FM 
market in Germany will continue to lag behind 
the European average. In Italy, the relatively 
smaller number of very large-sized users (other 
than public administration bodies), which could 
potentially outsource their IT system, is also a 
limiting factor. 
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If users have difficulties in seeing their IT 
strategy clearly, so do vendors. Being ready to sell 
services to companies in chaos requires an inten
sive preparation and audit phase (consulting, re
engineering services, etc.) in order to develop a 
solution sound enough for the returns stipulated 
on a contract. In order to cope with this trend, 
suppliers will surely have to focus on niche 
segments of the outsourcing market, which will 
create a more fragmented market in the future. 

iii. The emergence of network 
management and 
post-implementation services 

Systems management versus 
network management 

The increasing importance of distributed 
environments in the demand for outsourcing 
will have a growing impact on the services-mix, 
with systems management revenue decreasing 
in favour of network management. 

Globally, systems management activities' 
share will decline because of: 

- the relative small gap existing between hard
ware and management services that will not 
widen and will support buyers' pressure on 
prices; 

- lower technical difficulties in providing these 
services, keeping barriers to entry very low 
and price competition high for new vendors 
trying to address the FM market through this 
channel; 

- increasing demand for technical support 
capacity versus systems management, to which 
users are giving less strategic importance; 

- the lower costs associated with the manage
ment of the expanding base of PCs and 
servers, compared to those associated with 
the decreasing base of mainframes. 

On the other hand, the market is faced with a 
wide range of challenges that explain the increas
ing delegation of network management tasks. 
Network management will represent a growing 
share of the market because the needs of network 
administrators will steadily increase as users 
struggle with the various aspects of networks 
(servers, operating systems networks operating 
systems, applications, network topologies, 
clients interfaces, hubs, bridges, multiplexers). 
While the most current administration tasks can 
be automated through the use of advanced soft
ware solutions, the emphasis of users will shift 
toward specific systems administration aspects 
(ensuring consistency between applications and 
data, on versions control, etc.) and network ad
ministration aspects (network surveillance, etc.). 

Network administration, in particular, will 
become ever more critical. Network capacity has 
to be properly and precisely projected, and the 
consequences of any deviation in the IS on the 
network have to be taken into consideration. 
This often creates conflicts with network ad
ministrators, as users and developers press for 
additional functions without taking network 
consequences into consideration. However, 
DP budgets allow for only specific network ad
ministration expenditures -most often increased 
automation and improved error detection func
tions that ensure a minimum level offunctioning 
of networks. 

In many user corporations, two trends are pre
valent. On the one hand, the need for substantial 
network administration is motivating a certain 
re-centralization of IT-control at the IT depart
ment level. On the other hand, the growth of 
PC LANs calls for a decentralization of network 
administration functions. In any case, users are 
becoming increasingly aware of the complexity 
of network management and are more hesitant 
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to increase in-house capacities above a certain 
level as they see little correlation between net-:
work management activities and their primary 
business. 

UNIX has an important impact on the devel
opment of the network management services 
market. UNIX platforms are increasingly used to 
support "heavy" data processing tasks, especially 
for commercial purposes alongside traditional 
proprietary platforms. In this respect, users are 
faced with the need to manage complex net
works, with powerful systems, and a multiplicity 
of protocols and applications. Unlike PC-based 
networks, which are quite standardized (Novel, 
LAN Manager, etc.), the UNIX-based network 
market is filled with a multiplicity of products, 
making network administration a nightmare. 

Post·implementation services 

Users are increasingly emphasizing the 
quality of post-implementation services, such as 
disaster recovery services. For many users, secur
ity is a critical issue and inhibits them from 
choosing FM as an alternative. The capacity to 
re-assure users on security, and to supply on
going flawless services, will be a major angle 
of attack to penetrate the FM market (and, in 
this respect, is a window of opportunity for hard
ware vendors and disaster recovery services to 
penetrate this market). 

The complexity of architectures will also lead 
users to delegate the management of their IT to 
external suppliers, and require differentiated 
forms of support for their end-users. The com
plexity of architectures will also lead to increas
ing support services demand, as technical issues 
wil1 become more diversified, including the 
management of new software releases and the 
integration of external databases. 

The Information and Communications 
Technology (ICT) Market in Europe 

Among the most notable trends in the facili
ties management sector is the growing demand 
for network outsourcing services. The decision to 
use network service suppliers involves different 
levels of management, depending on how critical 
the activity is to day-to-day business operations. 
The primary drivers in seeking outside assistance 
are usually limited resources, lack of in-house 
tools, and the desire to reduce costs. The service 
activities associated with maintaining and man
aging the network include hardware mainten
ance, LAN management, network monitoring, 
software distribution. 

Among other types of services, training 
will also emerge as a key user concern. In most 
FM cases linked to a migration project, the 
"migration of IT staff' needs to be addressed. 
Organizations are finding that the number of 
end-users increases dramatically with the imple
mentation of a distributed computing system, 
and that the average number of applications and 
DP tasks handled by the same end-users also in
creases. Increasing capacity to transition human 
resources and deliver efficient re-training 
services are being demanded, and represents 
an opportunity for outsourcing companies. 
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Appendix 2 
ICT Markets in Eastern Europe 

1. Trends by Industry Segment 

1.1. East versus West -
IT Hardware Market Sizing 

The regional East/East Central European 
computer hardware market continued to exhibit 
strong growth in the 1993-94 period with an 
overall average annual increase of25% in value. 
ln 1993, total computer hardware spending in 
the Czech and Slovak Republics, Hungary, 
Poland and the former Soviet Union reached 
ECU 1.5 billion, which rose to an estimated 
ECU 1.8 billion the subsequent year. 

While spending on information technology 
has grown dramatically in the 1990-94 period, an 
analysis of regional IT expenditures reveals that 
hardware spending is still considerably lower 
than that of the average country market of 
Western Europe, despite extensive programs for 
the revitalization of IT infrastructures. In fact, 
the estimated ECU 1.8 billion devoted to com
puter hardware procurement in 1994 in the 
Czech and Slovak Republics, Hungary, Poland 
and the CIS depicted in Table I rivals expen
ditures only in some of the smaller markets of 
Western Europe. This figure also comprises only 
a fraction of the ECU 37 billion in total IT 
revenues attained in 1994 for Europe's largest 
market, Germany. 

The comparative analysis of the ratio of 
computer hardware spending to Gross Domestic 
Product (GDP) illustrated in Table 2 provides 
another indication of the growth potential em
bodied in the Eastern European marketplace. 
Despite a number of large-scale projects in 

Country 1994 

Hungary 275 

Czech/Slovak Republics 435 

Poland 387 

Former Soviet Union 704 

Western Europe 43,078 

Germany 13,588 

France 6,531 

Italy 3,141 

United Kingdom 7,113 

Spain 1,869 

Country 

Hungary 

Czech/Slovak Republics 

Poland 

Former Soviet Union 

Western Europe 

Germany 

France 

Italy 

United Kingdom 

Spain 

1996 

311 

539 

482 

1,062 

47,543 

15,424 

6,905 

3,308 

7,911 

1,950 

CAGR 
1994-96% 

6.3 

11.4 

11.6 

22.8 

5.0 

6.5 

2.8 

2.6 

5.5 

2.1 

1993 
% 

0.57 

0.51 

0.28 

0.09 

0.70 

0.91 

0.61 

0.38 

0.84 

0.49 

Table J 
East vs. West: 
Overvie1v o.lComputer 
Hardware Spending 
in Eastern Europe by 
Counuy 1994-1996. 
Million ECUs 

Table 2 
East vs. West: 
Ratio 1~j'Compurer 
Hardware Spending 
to GDP. 1993 



Table 3 
East vs. West: 
per Capita Spending 
on Computer 
Hardware by Counl!y. 
1993. ECUs 
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Country 1993 
% 

Hungary 26 

Czech/Slovak Republics 26 

Poland 9 

Former Soviet Union 3 

Western Europe 110 

Germany 164 

France 113 

Italy 56 

United Kingdom 116 

Spain 51 

banking/financial services and government 
administration, the region's investment in 
Computer hardware is still well below the rest of 
Europe. Whereas the ratio of IT spending to 
G DP in 1993 borders on 0.70% forselectWestern 
European countries, average expenditures for 
the evolving East/East Central European market 
fall consistently well below this figure, with the 
exception of the more developed market of 
Hungary. Although the economic reform proc
ess and the need to rebuild basic infrastructure 
are driving IT market growth, they have not had 
the anticipated impact of increasing overall 
spending levels to those ofWestern Europe. 

Another indication of lower spending levels 
is provided in Table 3, which portrays per capita 
computer hardware spending. While per capita 
computer hardware spending is slightly higher in 
the more developed markets of Hungary and 
the Czech and Slovak Republics, than those of 
Poland or the CIS, it represents only a fraction of 
expenditures in most West European country 
markets. 

The Information and Communications 
Techno!OK.V (ICT) Marker in Europe 

1.2. Computer Hardware 
Category Comparison 

Table 4 demonstrates that the country mar
kets of Eastern Europe remain heavily oriented 
to personal computers and PC-related technol
ogies, which accounted for the largest percentage 
of shipment value in comparison to all other 
hardware categories in the 1993-94 period. Simi
larly, the low-end office equipment segment has 
experienced considerable market growth. While 
multiuser systems shipments have stagnated in 
several countries in terms of unit sales, the over
all value of the market continues to increase due 
to the type of systems being sold, in particular 
more expensive, high-end mainframes. This 
development reflects the increasing number 
of projects currently underway to establish basic 
IT infrastructures in communications, financial 
services and public administration. The market 
for network servers and Unix stations also con
tinued to grow substantially in the 1993-94 
period, due to the growing popularity of client/ 
server technology and solutions. 

1.3. Software and Services 

The evolving software and services market 
in Eastern Europe is valued at an estimated 1.39 
billion ECUs in 1994, or nearly 39% of total IT 
revenues. As much of the region's IT activity is 
confined to PCs and related technologies, most 
growth in this sector is derived from sales of 
packaged software , networking and hardware/ 
software support services. Other sources of 
extensive vendor activity include IT consulting 
for large-scale projects in banking/financial 
services and government administration, and 
education and training. 
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Software and services represents the one 
area of the IT market where East European com
panies compete more effectively with their out
side counterparts . Local firms have emerged to 
become important systems integrators, value
added resellers, support providers, software de
velopers and training centres. They provide vital 
support to Western hardware vendors active in 
this marketplace. 

Software and services represents one of the 
fastest growing sectors of the IT market in 
Eastern Europe now that it has entered the next 
phase of computerization. Particularly strong 
growth will be seen in the market for packaged 
software, such as application tools for database 
development and management, and in the de
mand for basic services such as IT consulting, 
contract programming, education/training and 
networking. 

2. Trends by Country 

2.1. Country Market Comparison 

The substantial growth within the East/East 
Central European region as a whole masks 
some important differences among the various 
country markets in terms of development and 
the current demand for specific technologies. 
Indeed, while the CIS market was the largest in 
terms of value in the 1993-1994 period, it consists 
primarily of personal computers and related 
technologies. Smaller countries such as Hungary 
or the Czech Republic actually field more devel
oped multiuser system markets. For example, 
more mainframes and servers have been sold 
in the Czech and Slovak Republics over the last 
two years than the other East Central European 
markets combined. 

Category 1992 1993 1994 1995 1996 

Multiuser 
Systems 198 253 284 343 419 

Workstations 33 52 68 88 121 

Personal 
Computers 666 928 1,092 1,251 1,384 

Printers 255 299 356 432 470 

Total 1,152 1,532 1,800 2,114 2,394 

Overall, the Cl S states accounted for an 
estimated 39 percent of this regional market in 
1994 in terms ofhardware shipment value, which 
was up from only 33 percent the previous year. 
The sheer size of this market will ensure that it 
will garner an ever increasing share of regional 
IT sales. The Czech and Slovak Republics have 
surpassed Hungary and Poland to become the 
second largest Computer hardware market in 
the region with ECU 435 million in sales for 
24 percent share in 1994. While growth in the 
Hungarian market has slowed in the 1992-94 
period, the Polish IT market remains dominated 
by shipments of low-end technologies such as 
personal computers and office equipment items. 

2.2. Czech and Slovak Republics 

Computer hardware spending reached 
ECU 435 million in the combined markets of 
the Czech and Slovak Republics in 1994, with 
personal computers accounting for only 53 per
cent of this figure. Despite their small size in 
terms of population , the Republics field the 
largest multiuser systems market in East/East 
Central Europe, with a shipment value ofECU 
98 million in 1994. Considerably more is spent on 
mainframes and servers in these countries than 
other markets of the region. 

Table 4 
East/East Central 
Europe : 
Computer Hardware 
Value Catego1y 
Comparison . 
1992-/996. 
Million ECUs. 
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The break-up ofCzechoslovakia temporarily 
dampened IT market growth in 1993 as most 
vendors paused to re-devise their local market
ing, distribution and support strategies. The 
erection ofborder controls and the introduction 
of separate currencies forced most IT companies 
to establish a second organization in the Slo
vakian capital, Bratislava, as trade between the 
Republics came to a standstill. It also brought a 
temporary halt to IT procurement in one of the 
most important sources of market growth, the 
public sector. 

The projected decline ofbusiness due to the 
fom1er CSFR's division and the introduction 
ofVAT in both countries in 1993 was only tem
porary. In fact, while a number of local com
panies indicated a short term 30 to 40 percent 
fall in revenues with the country's split, com
pounded by new Czech-Slovak import laws, 
taxes and import surcharges which completely 
undermined intra-republican trade, the strong 
indigenous demand for IT in both Republics in 
the last two quarters of 1993 carried over into the 
subsequent year. The markets have pursued their 
course of extensive growth in the 1994-95 period 
as a number of large-scale investment projects 
come on-line in government administration, 
banking/financial services and manufacturing. 

Personal computers continue to account for 
largest share of annual computer hardware 
spending. The PC markets ofboth Republics ex
hibited remarkably strong growth in the 1993-94 
period. A total of 193,930 PCs were shipped in 
1993, which increased to 214,000 units for a value 
of ECU 231 million in the following year. 
Although local assemblers, particularly in the 
Czech Republic, still control a large part of the 
market, name brand vendors are garnering an 
ever increasing share of annual sales (ca. 40 per
cent in 1994). 

The Tt~lormation and Communications 
Technology (TCT) Market in Europe 

The Czech and Slovak Republics have pre
sided over the largest systems and server market 
in the region since 1992. The sales of mainframes 
and servers in these two countries exceeds the 
combined market of all other states of East 
Central Europe including Albania, Bulgaria, 
Hungary, Macedonia, Poland, Romania and 
Slovenia. The same holds true for technical work
stations with shipments to the Republics com
prising close to 50 percent of the regional market. 
This position is derived from several large con
tracts in government administration and strong 
sales to sector of manufacturing and industry. 
The Czech and Slovak markets possess the 
greatest growth potential for workstation sales 
in the long term, considering the composition of 
their industrial base, the liquidity of the average 
enterprise, the low level of foreign debt, and the 
probability of large-scale foreign direct invest
ment. 

One consequence of the former CSFR's 
dissolution is that two fundamentally different 
IT markets have emerged. While the financial 
stability of the Czech Republic continues to 
facilitate growth in the demand for computers 
of all system size classes, payment problems in 
Slovakia are limiting most IT procurement to 
personal computers and related technologies by 
sectors such as government administration and 
banking. Slovakian end-users, hard-hit by on
going political and economic instability, are 
either unable to afford more expensive solu
tions, or seem reluctant to make considerable 
investments at the present time. 

The division of the former CSFR also served 
to reveal the relative market sizes of the Re
publics, as well as to confirm long held suspi
cions that the Slovakian market is much smaller. 
Generally considered to be roughly one halfthe 
size of its Northern counterpart, the Slovakian IT 
market actually represents less than one quarter 
the size of the Czech marketplace. 
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Software and services represents one sector 
of the IT market where local firms have com
peted effectively with outside vendors. The 
market's leading systems integrator, PC software 
vendors and value-added resellers all consist of 
local software houses. Nonetheless, Western 
software and services companies now control a 
large part of this market. Opportunities for IT 
consulting and the management of large-scale 
projects have led a number of independent soft
ware and services vendors as well as the services 
units of major hardware vendors to initiate oper
ations in this marketplace. The Czech Republic 
has the most dynamic market for relational data
base management systems in the East Central 
European region. 

Several efforts are now underway in the 
Czech Republic to establish some guidelines and 
procedures for public sector IT procurement, as 
well as to determine IT standards for equipment 
and measurement. A law on procurement guide
lines has already been drafted under the auspices 
of the Department of State Information Systems, 
Ministry of Economy. It specifies requirements 
for making tenders public, conformance to Open 
Systems standard for all government depart
ments and post-installation review procedures 
for IT projects . The international lending com
munity has played an influential role in setting 
standards and determining technical specifica
tions for publicly financed IT projects based on 
the concept ofOpen Systems. 

Overall, the computer hardware market in the 
two Republics is projected to grow by more than 
11 percent annually from 1994 through 1996. 
Most shipment activity will take place at the low
end of the market, particularly for PCs, Unix
based machines, network servers, printers and 
office equipment. Client/server is becoming the 
market standard. 

2.3. Hungary 

The dynamics of the Hungarian computer 
market are heavily dependent on the project 
business and large-scale infrastructure develop
ment programs in areas such as banking/finan
cial services and government administration. 
While the computer hardware market continues 
to grow at a faster pace than those of Western 
European countries, overall sales have actually 
slowed down over the last two years. In 1994, 
total computer hardware spending increased to 
ECU 275 million which marked only a 2 percent 
increase over the previous year. This stands in 
stark contrast to the 14.8% percent rise in spend
ing seen from 1992 to 1993 on the basis of in
creased shipments of high-end mainframes and 
higher priced name brand personal computers. 

Limited computer hardware market growth 
largely reflects a decline in sales ofPCs and large 
mainframes. The PC market first stagnated in 
1993, as the 106,240 units sold marked the first 
time that annual growth in shipments had fallen 
below 10 percent. This trend prevailed in 1994 as 
well, as PC shipments increased to only 114,000 
units. Nonetheless, the actual value of PC sales 
continues to increase due to the ongoing pur
chasing of more expensive machines and the 
growing sophistication of the local market. More 
and more Hungarian end-users are building 
LANs and Unix networks , developing applica
tion tools, using multimedia components or 
specialized software such as Geographical Infor
mation Systems (GIS). Such systems require the 
power and quality offered by the equipment of 
brand name vendors who now provide 50 percent 
of annual sales. 
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The Hungarian IT market is also probably the 
first in the region which has expanded to include 
the Small Office/Home Office (SOHO) arena, 
which has been driven by growing unemploy
ment among local white collar workers. Trained 
individuals, with degrees in engineering or 
business, are taking advantage of opportunities 
for self-employment and obtaining PCs for 
home-based business operations, rather than 
face the risk of unemployment once again. The 
emergence ofthe SOHO market also reflects the 
sharp increase in the number of private limited 
companies and registered traders operating in 
the country, which totalled 65,000 and 500,000 
respectively at the end of 1993. Many of these 
organizations require basic levels of IT equip
ment, in particular PCs, printers, fax m<:ichines 
and copiers. 

The systems and server market peaked in 
1993 as the value of the market rose to ECU 66 
mill ion. This figure declined to ECU 54 million in 
1994 in the face of limited vendor activity at the 
high end ofthe market. Most multiuser hardware 
shipment activity was confined to the low end of 
the market with small-scale systems, consisting 
of minicomputers, Unix-based servers, worksta
tion servers, and double-processor personal 
computers, accounting for more than 90 percent 
of all new machines shipped in the 1993-94 
period. Many of these systems operate under 
Unix Operating System. Almost every multiuser 
systems vendor is actively marketing Unix-based 
equipment in Hungary. 

Hungary's technical workstation market also 
demonstrated solid growth, with annual unit 
shipments increasing more than 54 percent from 
1991 to 1994. The most important market sector 
tor workstations continues to be educational in
stitutes and scientific research and development 
organisations, which utilise Unix-based work
stations for CAE, CAD and other developmental 
purposes. 

The 11(/ormation and Communications 
Technology (ICT) Afarker in Europe 

With respect to software and services, over 
150 Hungarian organizations, from leading local 
computer vendors to newly formed small-scale 
enterprises, export software and professional 
services to more than twenty-nine countries 
worldwide. Nonetheless, the Hungarian soft
ware industry is less successful in its own market 
which is slowly becoming the domain of outside 
software and services vendors, particularly tor 
the areas of packaged software for both PCs and 
multiuser systems, and professional services. 
The computerization of public administration 
and utilities has created a number of opportuni
ties for Western software and services vendors, 
for both independent firms and the services units 
of major hardware suppliers. A number have 
been conducting project support in the country, 
providing application, management and organ
izational consulting. 

The slowdown in market growth has im
pacted heavily on local IT hardware firms which 
are being forced to either restructure, diversify, 
or terminate their operations in the t~1ce of sig
nificant price competition, falling margins and 
the growing presence of name brand vendors. 
The ongoing market consolidation has taken a 
serious toll among local assemblers and VARs 
as they struggle simultaneously with internal 
restructuring, redefining market strategies and 
reducing costs. The result has been several high 
profile bankruptcies among local IT companies. 
Moreover, only one major Hungarian vendor still 
plays a role in the PC market. The market gap left 
by these companies has been quickly filled by 
international vendors, which have founded local 
subsidiaries and expanded their distribution 
networks in the 1993-94 period. 
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The Hungarian government is positiOning 
itself to become more active in overseeing IT de
velopments in the public sector. The Hungarian 
Coordination OtTice of Governmental Informa
tion Systems set requirements for making public 
any government IT procurement exceeding Ft 10 
million. Moreover, it has made open systems and 
Unix an integral part of its overall computeriz
ation strategy, requiring that all computer equip
ment installed in public administration meets 
open systems standards. More specifically, it has 
determined that public tenders should fulfill the 
following criteria at a minimum: ensure inter
operability between lJnix and MS-DOS based 
systems; provide Windows graphical user inter
faces; and otTer Informix, Oracle, DB2 and SQ L 
environments for database management . 

Hungary's information technology hardware 
market is expected to grow at an annual rate of 
just over 6 percent in terms of value through 
1996. Most vendor activity will be confined to the 
low end of the market, in particu tar to small-scale 
systems, Unix-based servers and workstations, 
personal computers, datacommunications hard
ware and office equipment items. Market growth 
through 1996 will stem largely from three vertical 
markets: the evolving private sector, banking/ 
financial services and government administra
tion. One of the largest upcoming tenders is the 
proposed $ 100 million project to computerize 
the country's social security system. 

2.4. Poland 

The Polish computer hardware market con
tinued to exhibit strong growth in the 1993-94 
period, rising in value to more than ECU 387 
million. This country market is overwhelmingly 
oriented to PCs and related technologies which 
accounted for more than 63 % of total computer 
hardware shipment value for several years. 

Sales of personal computers have surged in 
Poland in what has become East Central Eu
rope's largest PC market. An estimated 245,000 
units were shipped in 1994, which marked a 14 
percent increase over the previous year. Growth 
in the value of the market was also substantial, 
rising by over 10 percent despite declining aver
age PC system values (ASVs) and the role played 
by local assemblers. Despite inroads by name 
brand vendors, local assembly operations con
tinued to control 78 percent of the Polish 
personal computer market in 1993. The country's 
six leading PC vendors supplied approximately 
37 percent of the 215,450 systems sold that year. 
They also functioned as important suppliers of 
components and peripherals to a number of 
other local assembly operations and VARs. 

Nonetheless, severe price competition and 
growing presence of name brand vendors and 
pan-European distributors have moved local 
hardware companies to enhance the efficiency of 
their operations and explore other IT business 
lines. They have also caused a consolidation 
among local firms which is forcing a number of 
mid-range local assemblers and Far East vendors 
from the market. The structure of the no-name 
PC market now comprises a handful of larger 
assemblers, each shipping 5,000 or more PCs 
annually, and a large group (300-400) of smaller 
organizations, supplying 500 or fewer units. 
Increased competition has also caused a re
structuring of distribution channels, producing a 
classical two-tiered structure with a division of 
labor between distributors and resellcrs, in which 
the former focus on logistics and delivery and the 
latter address sales and solution development. 
The inability of local dealers and resellers to 
retain stock due to falling margins and prices has 
led distributors to take responsibility tor PC 
stock, delivery and financing. 
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Unique for East Central Europe, a number 
of smaller PC companies have banded together 
to form associations and join forces to compete 
more effectively with larger assemblers and 
name brand vendors. The chief aim of the organ
izations is to pool resources and offer country
wide IT services, leveraging the strengths of each 
participating member, as well as pursue more 
cost effective joint sourcing and distribution 
strategies. 

Poland's systems and server market is sur
prisingly small in view of the size of its economy 
and population. Annual multiuser system sales 
have consistently been lower than in IT markets 
such as those of the Czech Republic and 
Hungary. In 1993, systems and server sales com
prised 760 units, which grew to only 836 ship
ments the following year. The vast majority of 
systems now being installed in the market are 
Unix-based with only minimal sales of proprie
tary mainframes. The Polish market holds the 
greatest potential for mainframe and server sales 
over the long term in consideration of proposed 
IT development plans for the public sector and 
the ongoing restructuring of the bankin& indus
try/financial services. 

The country's workstation market is oriented 
largely to the technical end-user employing 
CAD and scientific research applications, albeit 
with a growing number of commercial installa
tions. The majority of the 1,415 stations installed 
in the 1993-94 period went to the vertical markets 
of manufacturing and scientific research/educa
tion for CAD and R&D applications, followed by 
commercial applications for sectors such as 
banking/financial services, government admin
istration, foreign trade and tourism. Poland will 
have the fastest growing technical workstation 
market in East Central Europe through 1996, 
with an annual growth rate in shipments ofmore 
than 33.2 percent. 

The b(/onnation and Communications 
Technology (ICT) Market in Europe 

Western vendors control the greater part 
of the official software and services market in 
Poland which is valued at ECU 179 million in 
1993 and ECU 215 million for 1994. As the IT 
hardware market consists largely of PCs and 
related technologies, most software vendor activ
ity is focused on sales and support of packaged 
software, customized applications development, 
networking and hardware/software support 
services. 

Polish companies continue to play an impor
tant role in the software market in terms of dis
tribution, education/training and customized 
application development. A number of smaller 
value-added resellers have ensured themselves a 
niche with the creation of software for a specific 
vertical market, platform or application. Others 
are focused on providing applications and sup
port for the country's evolving Unix systems 
marketplace. Local Unix expertise can be found 
in a few large software houses and a number of 
smaller software organizations, the majority of 
which provide application development support 
for PCs and workstations, in particular for sectors 
such as banking. The ongoing consolidation in 
the Polish PC market has also led a number of 
local companies to become involved in the 
emerging market for IT training and educational 
services. 

The Polish IT market is unique in the East/ 
East Central European region for several rea
sons, most important of which is the govern
ment's proactive role in developing a long term 
IT strategy for the public sector, establishing IT 
development standards and determining market 
access. The Polish government has become the 
chief client for information technology, includ
ing hardware, software and professional services. 
In 1993, the total budget allocated for IT spend
ing (local and central government) was ECU 308 
million, including ECU 193 million for central 
administration, and a further ECU 46 million 
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from the country's smallest administrative units, 
the local gminas. The projected funding available 
for fiscal year 1994 exceeds ECU 385 million, ex
cluding spending by local governments. Several 
projects already underway include POLTAX, 
and the computerization of Country Election 
Offices, the National Research Council (KBN), 
the Polish Parliament, four ministries and five 
government agencies. A number of other 
projects are also presently being researched, 
e. g. Prime Minister Council (URM), National 
Security Bureau (BBN), Main Statistic Office 
(GUS), Ministry of Education (MEN), etc. 

Poland has also seen the emergence of sev
eral official organizations which are now closely 
involved in the computerization of the public 
sector. Most important is the Office for Informa
tion Technology at the Bureau for the Council of 
Ministers (BIURM), the government's steering 
committee for IT development created in 1991, 
which is seeking to formulate IT directions and 
strategies for the public administration, in com
pliance with the standardization requirements 
of the EU, and to supervise the development 
and application of IT in government ministries, 
central administration and local authorities. 
The committee also oversees the effective co
operation between vendors and public sector 
customers, i. e. IT firms and state authorities 
receiving funding from the central budget. 

In May 1994, the Polish Prime Minister 
created an additional organization for IT called 
the Government Plenipotentiary Office for 
Informatics.While the full responsibilities of this 
office are still unclear, it serves to oversee the 
activities of the BIURM. One of the first steps 
of the Plenipotentiary was to establish a similar 
organization in each of the country's voivod
ships. It has also launched a review program for 
major IT government projects such as POLTAX, 
PESEL and PEAR, as well as upcoming pro
grams for the Labour Office, the health care 
sector and the environment. 

The BIURM has developed several policy 
tools important for PC vendors including what is 
called a "General Agreement" with a supplier. 
This is a form of a letter of agreement between 
the URM and a given vendor concerning matters 
such as defining mutual policies, reviewing qual
ity standards, sharing information on products 
and official IT procurement programs, and gain
ing access to modern technology and solutions. 
In essence, firms reaching an agreement with the 
B IURM are granted a type of authorization from 
the government to be an official supplier. 

The government has also sought to use trade 
and customs policies to oversee IT equipment 
imports, having introduced a quota system, or 
Kontigent, in January 1993. The quota system 
provides for a predetermined dollar value of 
annual duty free imports ofnon-EU sourced PCs 
and components by local firms and name brand 
vendors. Special value allotments were provided 
to the Committee of Scientific Research (KBN) 
and the Ministry of Industry (MP) for the pro
curement of duty free name brand computers. 
Moreover, ISO 9000 certified vendors were to 
receive part of the quota automatically, as 
preferred suppliers of the Polish government's 
steering committee for IT. The remaining 
amount was to be distributed in allotments to 
local PC assemblers, distributors and resellers, 
based on an estimate oftheirmarket share as well 
as the previous year's sales and turnover. 

In 1993, the government provided for 
ECU 336 million in duty free imports ofnon-EU 
sourced PC components, with an additional 
ECU 44 million of non-duty whole computer sets 
for the KBN and the Ministry of Industry. More 
than 340 companies eventually received approval 
for non-duty imports from the Ministry of 
Foreign Trade for a total value of ECU 203 
million. Forty firms received quota allotments 
exceeding ECU 770,000, with the top five firms 
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receiving 80 percent of the total quota value for 
1993. The quota figure for computer components 
was raised to ECU 448 million in 1994. Close to 
220 firms had received approval for an import 
value of more than ECU 99 million by midyear. 

Aside from customs duties, the Polish 
government still required through July 1993 that 
all IT imports be subject to a special 6 percent 
border tax. Although the recently introduced 
value-added tax supplanted this levy, the Polish 
Parliament reinstated the 6 percent rate,as a duty 
and a supplement to the VAT, in order to generate 
much needed revenues. 

Poland's computer hardware market will 
continue to develop rapidly in the years ahead, 
with a projected growth rate of just over 11.6 
percent through 1996 in termsofvalue.Aithough 
high growth rates exist for high-end mainframe 
equipment, most shipment activity will take 
place at the low end of the market, particularly 
for small-scale systems (proprietary systems, 
Cnix-based machines, network servers, and 
client/server technology), personal computers, 
datacommunications hardware and other office 
equipment items. 

The country's f~1st growing private sector, 
now numbering over 61,000 new companies and 
some 1.6 million private traders, will serve as the 
primary source ofiT market growth in the years 
ahead, in particular smaller companies employ
ing from 10 and 200 people. Moreover, the on
going restructuring of public sector adminis
tration will spur the demand for all types of 
IT equipment. Other opportunities are entailed 
in the sectors for banking/financial services, 
insurance, retail, military, education and manu
facturing. 

The Information and Communications 
Technology (ICT) Market in Europe 

2.5. The Former Soviet Union 

While the markets of the former Soviet 
Union represent the most challenging for IT 
vendors, they also embody one of the largest 
opportunities for IT market development in 
the world today. Indeed, the sheer size of this 
combined market and the dearth of computing 
technology will drive substantial market growth 
through the year 2000, despite the dire state 
of the region's economies. The total IT market 
stood at ECC 1.6 billion in 1994, and it is pro
jected to increase to more than ECU 2.2 billion 
by 1996. 

Most IT vendor activity remains concentrated 
in the larger and more lucrative markets of 
Russia, the Ukraine, the Russian Far East and 
more recently Kazakhstan and Uzbekistan. Poli
tical and ethnic strife in smaller countries such 
as Georgia, Tadzhikistan and Armenia have 
brought activity in their IT markets to a virtual 
standstill, although some companies continue to 
do business. Despite the existence of the Com
monwealth ofindependent States organization, 
the market can now be divided into several dis
tinct groupings including the Russian Republic, 
Ukraine-Belarus, Central Asia and the Caucasus. 
Major international IT companies have either set 
up a direct presence in the more economically 
viable markets of Russia and the Ukraine, or in 
the case of software vendors, decided upon 
several local distributors. While operations for 
Central Asia and the Caucasus are generally 
directed from the Russian Republic, a number 
of firms have more recently established re
presentative organizations in Kazakhstan. 

i. Russian Republic 

The Russian Republic accounts for the largest 
percentage of computer hardware spending 
among the former Soviet Union states. The total 
value of the Russian market alone is estimated 
at ECU 562 million. Similar to other countries 
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ofEast!East Central Europe, the Russian market 
is heavily oriented to personal computers and 
related technologies. A combination ofburgeon
ing growth in the private sector and widespread 
downsizing in most vertical markets will boost 
demand in the PC market to ECU 424 million by 
1994, to make it the largest in the region. 

The opening of the Russian market in the 
1991-92 period quickly transformed the local 
PC industry from one dominated by state-run 
manufacturers of outdated technology to a 
market largely served by assembly operations 
importing components from the Far East, and 
limited sales by international vendors. In the 
Moscow area alone, more than 40 major PC 
assemblers have emerged. Local firms will con
tinue to control the dynamics of this evolving 
market, which exceeded 500,000 unit sales in 
1994. 

Russia presides over a substantial installed 
base of multiuser systems, including IBM and 
Digital-compatible machines, offering IT vend
ors significant opportunities for replacement and 
upgrade sales. The value ofthe multiuser market 
reached an ECU 76 million in 1994, with the 
highest growth coming from the small-scale 
size class. 

Technical workstations and applications such 
as CAD have been broadly familiar to the com
puter industry and IT community in the former 
Soviet Union since the 1970s. Almost all ship
ments of workstation/workstation servers being 
shipped into the CIS countries are going to the 
Russian market. The 1994 technical workstation 
market is valued at ECU 30 million. 

ii. Central Asia 

The Central Asian Republics traditionally 
comprised one ofthe smallest regional informa
tion technology markets of the former Soviet 
Union. Both the local economies and IT markets 
are less sophisticated than those of countries 
such as the Baltic States, Russia, the Ukraine and 
Belarus. The Central Asian markets are generally 
limited to major capital cities (with concentra
tions of ethnic Russians and banking/financial 
services) and select industrial or research sites 
such as the Tengiz and Korolev oil fields, or the 
Baikonur Cosmodrome Space Launch Facility 
in Kazakhstan. 

Despite the establishment of independent 
states, vendor operations for Central Asia are 
generally directed from the Russian Republic. The 
main sources of PCs and office equipment are 
South East Asia and Moscow. Western Siberia 
has also emerged as a source of supply for areas 
such as the North Eastern regions ofKazakhstan. 
Rail remains the most commonly used method 
of transport for the import ofiT equipment (par
ticularly via Moscow or St. Petersburg). Other 
points of supply include Poland and Bulgaria, 
Korea, Singapore, Taiwan and China. 

In 1993, the value of the Central Asian com
puter hardware market was only ECU 36 million 
which increased to ECU 56 million the subse
quent year. Most vendor activity is confined to 
one of the two larger, more developed countries 
of Kazakhstan or Uzbekistan. Rich in natural 
resources, the former presides over the largest 
and most active computer market in Central 
Asia, with an installed base of 1,260 mainframes 
and minicomputers. Kazakhstan's PC market 
comprises annual shipments of 20,000 units, 
followed by Uzbekistan's with 10-12,000 units. 
Several international vendors have established 
representative offices in this country. 
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iii. Ukraine 

The Ukrainian IT marketplace offers a 
challenging environment for equipment vend
ors. The absence of a functioning commercial 
banking system and skyrocketing inflation have 
exacerbated the problems entailed in such basic 
tasks as payments andmoneytransfer.Moreover, 
the government has introduced a complex maze 
of licensing requirements, import and export 
quotas, independent customs duties, and import 
and tax regulations, all of which have led to a 
sharp increase in prices. 

Nonetheless, the country's economic and 
political difficulties should not dissuade IT 
vendors from taking up operations in this 
market. In fact, with 52 million inhabitants, the 
Ukrainian market embodies significant high 
growth potential over the long term. 

Much of current IT vendor activ!ty is limited 
to select vertical markets such as banking, 
government administration and scientific insti
tutes. In 1993, the value of computer hardware 
shipments reached only ECU 50 million, which 
represents only a fraction of the market size of 
neighboring Poland. Much of this figure is de
rived from sales of personal computers, esti
mated at 48,000 units annually, the vast majority 
of which are no-name, Far East-based products. 

As one of the more developed IT markets of 
the former Soviet Union, the Ukraine also pre
sides over a substantial installed base of multi
user systems. The estimated 7,270 IBM and 
Digital-compatible systems in operation offer 
IT vendors significant opportunities for replace
ment and upgrading. Several international 
vendors now control the multiuser systems mar
ket in the wake of the state computer industry's 
collapse in 1992. 

The Information and Communications 
Techno!og.}' (lCT) Market in Europe 

The Ukraine could eventually evolve to be
come one of the largest IT hardware markets in 
Eastern Europe if economic stability can be 
maintained. Current per capita spending on com
puter hardware represents less than one ECU per 
person compared to more developed markets 
such as Hungary with ECU 26 and Poland with 
ECU 9. The Ukrainian market can be expected 
to grow at a compound annual growth rate of 
30 percent for the 1994-2000 forecast period. 

The software and services market in the 
former Soviet Union is largely a local one for 
reasons ofprice, with estimated activity in these 
sectors producing ECU 716 million in revenues 
in 1994. While a number of Western software 
vendors have entered this market, their oper
ations are limited in scope due to the extensive 
black market for pirated software and the large 
pool ofloca1 programmers. The Russian Repub
lic has probably gone the furthest among the CIS 
states in its efforts to combat software piracy, 
which some estimates place at 98 percent or more 
of the market. In 1992, the Russian government 
introduced the "Law on Computer Program and 
Database Legal Protection" along with several 
decrees on patents and trademarks to establish 
the legal basis for the protection of intellectual 
property. In terms of future development, the 
large number of local software specialists will 
faciliate strong demand for application develop
ment tools, particularly tor relational database 
management systems (RDBMS). 

There is considerable pent-up demand for 
information technology throughout the CIS 
and Baltic States. This combined regional market 
will exhibit one of the highest computer hard
ware growth rates in the world from 1994 to 1996 
at almost 23 percent. Much of the projected 
growth is a reflection of the low installed base of 
IT equipment of all types, the sharp market con
traction which occurred in the 1991-92 period, 
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and the need for widespread modernization of 
basic infrastructure and services. Similar to the 
countries of Eastern Europe, the evolving CIS 
markets will be overwhelmingly oriented on 
personal computers and related technologies in 
the initial stages of computerization due to con
cerns over price. Substantial growth in the office 
equipment markets can also be anticipated. 

Each individual country of the CIS will need 
to develop IT systems for the basic tasks of 
collecting revenue, measuring economic activity 
and distributing benefits. In the short term, the 
most important sectors of IT market growth are 
represented by financial services, government 
administration (statistics, tax/customs, revenue 
collection and central bank operations), basic 
infrastructure (energy, telecommunications and 
transportation), social security systems, and 
other vertical markets such as industry and 
manufacturing. 

The region's evolving banking industry is 
clearly the most lucrative sector in the short 
term. With significant hard currency profits, 
banks are the only organizations which are pro
curing more expensive, sophisticated hardware 
and software solutions. At the outset of 1992, 
the Russian Republic alone presided over 1,270 
commercial banks with approximately 2,300 
branches, a state Savings Bank with 42,600 
outlets, and a Central Bank with 80 locations 
throughout the country. The vast majority of 
them are wholly undercomputerized with IT 
infrastructures generally limited to a few 
personal computers and corresponding soft
ware. Other important recipients of computing 
technology in the financial services include the 
many exchanges now in operation in the region. 

Large-scale IT investment projects are also 
taking place in some areas of government ad
ministration throughout the countries of the 
region. 



Information Technology: The State of the Art 
and the Key Technological Factors of Evolution 

This paper has been provided by M. Bozzetti 
on beha{l of SMA U in close cooperation with the 
£/TO Task Force. 

1. Evolution in ICT: A Global View 

The aim of this chapter is to indicate the most 
significant technological factors affecting Infor
mation and Communication Technology (ICT) 
that are of decisive importance for the market 
now, and which will continue to be so in the near 
future. As in our previous reports, we shall con
siderthe following as the basic ICTtechnologies: 

- microelectronics; 

- computer hardware; 

- software; 

telecommunications. 

These technologies cooperate and inter
operate by means of architectures. The evolution 
of technical architectures plays a key role in ICT, 
both influencing and being influenced by the 
developments taking place in the technologies 
themselves. 

Viewed as a whole, ICT also influences and is 
deeply influenced by a market which this EITO 
report has subdivided into office products, EDP 
systems and telecommunications. 

The EITO reports of'93 and '94 (see [EITO 93] 
and [EITO 94]) presented a general view oftech
nological trends that is summarized in Figure I. 
All of these trends remain valid, and so here we 
shall only consider certain specific items on the 
assumption that the reader knows the previous 
reports and their contents. 

The technological megatrends indicated in 
our previous reports have been confirmed, and 
the spread of new IT enterprise architectures is 
being mainly driven by Business Process Re
engineering (B PR) and the consequent restruc
turing of enterprise organizations. As already 
stressed in previous editions, the ICT market is 
no longertechnology-driven but demand-pulled, 
which means that it is the capacity to provide 
solutions that can be considered as being the 
key differentiating factor: the new technologies 
are accepted if and only if they are meaningful 
components of an ICT system that solves user 
problems and satisfies user requirements. 

The evolution of the organizational model 
towards a network structure started from pre
vious hierarchical and matrix structures (see 
Figure 2). The focus on internal processes instead 
of internal functions, and changing relationships 
between customers and contractors within the 
logic of the "extended enterprise view" based 
on a widespread use of EDT, are the key factors 
guiding the evolution of enterprise architectures 
and supporting a new logic for information 
managers. 

The ICT consumer market is another key 
factor that will generate further developments in 
the ICT sector: the merging of computers, con
sumer electronics, media and telecommunica
tions is producing a global information market 
and laying the basis for the "information society" 
described in the Bangemann report [Bangemann 
94], as well as the growth of a new generation of 
ICT products, systems and services. 
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Improvements in microelectronic process 
technologies, device physics and computer archi
tectures have led to continuous improvements in 
the capacity of computers to process, store and 
present data. At the same time, parallel develop
ments in operating systems software, memory 
devices, secondary storage and network-related 
technologies, have all contributed to the increas
ing capabilities of computers and a simultaneous 
significant reduction in their costs. 

In this dynamic context, information high
ways and the "object-oriented" revolution now 
represent the most meaningful paradigm shift, 
and it is on this that the present report will mainly 
concentrate. It is for this reason that all of the 
telecommunication chapter is dedicated to an 
in-depth analysis of high speed communication 
techniques, in such a way as to provide the 
technological background to the monograph on 
information highways in Part Two "The Euro
pean Information Infrastructure". 

Object technology will also be analyzed in 
depth, because it is radically changing the logic 
and approach to program design and develop
ment, and will have a big impact on the work of 
program developers. 

2. Microelectronic Components 

EITO 94 offered an in-depth review of micro
electronic trends and entered the discussion 
concerning the final limits of silicon. Nothing 
much has changed over the last year. The im
provement in the level of integration, Very Large 
System Integration (VLSI) to Ultra Large Sy
stem Integration (ULSI) has continued, the 64-
bit microprocessors (Alpha, Power PC, i860) 
have gained market share; and powerful new 
Digital Signal Processors (DSPs) have been 
introduced mainly for multimedia applications. 

Key Technology Trends 

2.1 CISC vs. RISC 

CISCs, Complex Instruction Set Computers, 
use a complex set of instructions which require a 
number of clock cycles to execute, and they also 
require very large-scale integration, which makes 
design and production expensive. Although Intel 
is leader in this microprocessor market, some 
other manufacturers (such as Amd with K5 
Cyrix with Ml and NexGen with Nx586VL) ar~ 
now offering some powerful clones that are no 
longer copies, but redesigned compatible chips. 

RISCs, Reduced Instruction Set Computers, 
use only a reduced set of fundamental instruc
tions in order to be able to execute them very 
quickly and with a high degree of optimization 
of their memories. Access time is as fast as logic 
execution, and these instructions can be trans
ferred into the memory from the processor 
microcode, thus reducing the number of clock 
cycles (normally one or less). 

It is presumed that the CISC/RISC war will 
lead to the extinction of the CISC technology. 
RISC provides higher performances and lower 
costs, and a lot of experts believe that it repre
sents the future. The success of CISC so far has 
been due to its software compatibility, of which 
the Intel80x86 family has been the cornerstone. 
In order to support DOS or Windows-based 
applications, the RISC systems provide software 
solutions capable of"emulating"the original con
text and "translating" the API layers. Although 
the present tests show that the performance of 
Windows applications is better on CISC than 
on RISC workstations (regardless of the hard
ware or software emulator used), new emulation 
engines and the availability of very fast pro
cessors are reducing the differences between the 
two worlds. Software compatibility can be pro
vided by new operating systems, such as NT, that 
will run on both Intel and PowerPC. It is worth 
noting that, as will be further described in the 
paragraph on software trends, recent operating 
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system developments represent a help for 
porting operating system codes to different 
microprocessor platforms. 

2.2 The Present and Future of 
the Main Microprocessor Families 

Apple/IBM/Motorola 

It was a consortium of these three bigs which 
developed the RISC PowerPC family, the basis 
for a new generation of powerful desktop PCs 
(Apple's Power Macintoshes and IBM's Power 
Personal Systems). 

At present, the PowerPC Family includes the 
601, 603 and 604: they all have a 32-bit archi
tecture, and the 601 and 603 have clocks of from 
50 to 80 MHz. The 603 represents the low cost, 
and the 604 the high performance chip. A 615 
that integrates the Intel emulation is planned, 
and 1995 should see the PowerPC 620, based on 
a 64-bit architecture four times faster than the 
601 and twice as fast as the 604. The Power PC 620 
will operate with an internal clock of 133 MHz 
and integrates seven million transistors. 

With PowerPC, IBM would like to create a 
new standard for the PC arena, and has therefore 
published the PowerPC Reference Platform 
specification (PReP). 

DEC 

Digital is the supplier of the fastest RISCs, 
with its Alpha Family based on a 64-bit archi
tecture. The DecChips 21064 and 21064 A areal
ready on the market for minis and workstations, 
as is the desktop PC-oriented DecChip 21066. 
DecChip 21164, which operates at 266 or 300 
MHz and integrates 9.3 million transistors, is the 
fastest RISC currently available. The planned 
new products include the Ev5 that should have a 
performance of 600 Mips, the Ev6 operating in 
superscalar parallelism, and the Ev7 which DEC 
claims to be 0.25 microns, close to the silicon 
limits (see EIT094). 

HP 

HPwas one of the first innovator with its 7x00 
RISC family and Precision Architecture (PA); 
one ofits latest products, the 7200 PA, operates at 
140 MHz and integrates 1.3 million transistors. 
The planned evolution includes a first phase of 
superscalar parallelism and, possibly in the 
medium term, the introduction of Very long 
instruction word (Vliw) technology. HP and Intel 
have announced a plan for a new chip that should 
run both PA and x86 code, and also support Vliw. 
Vliw is an approach for executing a number of 
simple instructions at the same time but, unlike 
in the case ofRISCs, this is provided by a smart 
compiler capable of packing some non-inter
dependent instructions into a "long instruction". 
When brought into the processor, this long 
instruction is subdivided and each of its ele
mentary operations is passed to the proper 
processing units. 

Intel 

486 and Pentium, announced in March 1993 
and with a performance of 100 Mips at 60 MHz, 
are the current products which guarantee full 
compatibility with previous x86 devices. Intel has 
announced the P54C, a 90-100 MHz version of 
faster new Pentium lines (3.3 V, 0.6 micron) 
whose performances are 30-50% better than 
those of today's Pentium. 

The next step is P6, which Intel say will be 
available in late 1995 and should have a per
formance of 300 Mips or so. This device will in
clude some RISC characteristics, and the second 
step (the P7) will also follow this trend. 
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Mips/SGI 

It was in 1985 that Mips delivered the R2000, 
the first RISC chip in the 64-bit RxOOO family; 
the subsequent generation was represented by 
the R3000, R5000 and R4000. Now, the two key 
microprocessors are the R4200, which operates at 
40/80 MHz and integrates about 1.3 million tran
sistors, for the low-end segment, and the R4400 
for the high-end segment. The R8000 is a multi
chip module for the high-end and scientific cal
culations that operates at 75 MHz and integrates 
3.4 million transistors. The next product will 
be the T5, the first general purpose superscalar 
monochip. The T5 integrates more then six 
million transistors, has a bus that supports up 
to 4 CPUs, executes up to five instructions per 
cycle, and has an internal clock that operates at 
200 MHz. Volume production of the T5 is 
planned for the end of 1995. 

Sun 

The Spare family, the first RISC produced 
in large quantities, is evolving at both the archi
tectural and implementation levels. Sun has now 
defined the new SPARC-V9 version of the Spare 
architecture, which provides significant improve
ments in image processing (with the intro
duction of some specific instructions) and in the 
support of multithreaded operating systems. 

Among the current key products are the 
MicroSparc II (which is designed for the low-end 
segment, operates at between 50 and 125 MHz 
and integrates 2.3 million of transistors) and the 
superscalar SuperSparc. At the implementation 
level, Sparc-V9 is moving in two directions with 
two different alliances: the Microsparc htmily, a 
low-end RISC designed and produced together 
with Fujitsu; and the UltraS pare family, a high
end RISC designed and produced together with 
Texas Instruments. The next new product will be 
the MicroSparc III, the first implementation of 
the Sparc-V9, which is planned to be available at 
the end of 1995. 

Kev Technologv Trends 

The experts point out that even the P6 will 
have a lower performance than the Power PC and 
other RISCs. The rule of thumb is that RISCs 
provide twice the performance at the same price 
as the Intel chip; but performance is not the only 
way to evaluate the strength of am icroprocessor. 
An important market index is the available appli
cations software, and the x86 family runs a much 
larger numberofDOS and Windows applications 
than the RISC architectures have so far done. 

The biggest current arena for market com
petition between the RISC and CISC solutions 
is the low-cost enterprise workstation segment. 

The winner will be the lowest priced solution 
that is capable of supporting Unix, Windows NT 
and OS/2, and effectively integrating DOS 16-bit 
and 32-bit applications with 8 M bits ofRAM. 

2.3 DSP, Digital Signal Processor 

Multimedia and telecommunication applica
tions have greatly encouraged the wider use and 
significant evolution of Digital Signal Processors 
(DSPs). DS Ps are designed to perform opera
tions such as multiplication at extremely high 
speeds and tor large repetitive numbers; they 
provide the best performances for image pro
cessing, speech and image recognition, image 
compression and so on. 

The main new aspects of DSP evolution 
include: 

- the availability of low cost general purpose 
DSPs; 

- the availability of DSP operating systems, 
with libraries and friendly programming 
interfaces, that precisely fit the trend towards 
providing peripherals with their own "ad hoc" 
operating systems; 
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- the definition of DSP architectures capable 
of ensuring easy and powerful cooperation 
between DSPs and host hardware and soft
ware (particular for PCs), and therefore of 
entering mainstream computing; 

- the efforts at standardizing API regardless of 
the DSP hardware: one example ofthis is the 
Interactive Multimedia Association (IMA), 
an attempt to define Windows-based API; 

- a new generation of DSPs, capable of oper
ation in parallel and of processing bit field 
manipulations. 

DSPs are mainly used in telecommunica
tions. They are dominant in the fields of mobile 
communications and high-speed communica
tions, but their growth is also strong in the voice 
processing segment, in which they are being 
incorporated into desktop computers and work
stations in order to provide new graphic and 
multimedia capabilities. 

Significant examples of this trend are Texas 
Instrument's MVP chips, which open the way to 
the generation of Advanced DSP: AT&T's DSP 
operating systems, the VCOS, and IBM's similar 
solution, the MWAVE, as well as the DSP archi
tecture adopted by Microsoft for Windows95, 
in which a specific middleware called DSP 
Resource Manager - DSPRM - interfaces the 
application and Windows environments on the 
one hand, and the lower platform drivers on the 
other (such as the DSPs for speech recognition, 
vocoder, fax/modem, MPEG, JPEG, MIDI and 
so on). 

3. EDP Systems 

As in the last report, evolution in the sector 
will be discussed under hardware products, soft
ware products and architectures. 

In general, the state of the art presented in our 
previous reports has been confirmed, particular
ly as far as the following points are concerned: 

- the constant decrease in hardware prices; 

- the ever increasing availability of modular 
and scalable systems based on CISC or RISC 
multiprocessors; 

- the growing need for, and availability of 
multimedia systems; 

- the increasing role of LANs as "depart
mental" systems based on client/server appli
cations; 

- the growing interest in security; 

- the increasing acceptance of"object-oriented" 
environments and programming. 

3.1 Computer Technology 
and Hardware Products 

The technological differences between the 
different market segments are becoming less 
marked and are soon likely to disappear alto
gether: nowadays, almost all of the machines are 
based on CISC orRISC multiprocessor systems. 

Very large and large-scale systems 

Although the mainframe still exists concep
tually, it has undergone profound changes from 
both the architectural and technical points of 
view: the manufacturers have left their "tra
ditional" large, expensive and non-modular 
structures and are now proposing more flexible 
scalable and modular based on parallel process
ing. In enterprise IT architectures, which are be
coming increasingly based on "client/server" and 
cooperative processing logics, large-scale systems 
are taking on the role of central "repositories" or 
"data servers". 
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The traditional closed and centralized pro
prietary architectures , in which the mainframe 
was the only "host" of all data and applications, 
are no longer being designed and implemented, 
and many companies and institutions are con
verting to less hierarchical and less centralized 
solutions. This process leads to both the passage 
to outsourcing services for the transit manage
ment of the old centralized applications and the 
need for machines acting as central servers that 
favour the migration to very large supercom
puters or medium-scale systems. 

The problem of "continuity" will be solved 
by the greater portability of middle software to 
different hardware platforms: conceptually, 
applications are more stricty tied to DBMS and 
File Systems rather than to specific CPUs and 
operating systems, and when middle software 
allows a wide range of portability continuity is 
guaranteed. By the way, all the new large syst~ms 
are (or are declared to be) "open" and in con
formity with the related standard, from ISO/OSI 
to DCE and POSIX. 

In terms of flexibility, it is interesting to note 
that a number of products are introducing a 
greatervarietyofperipherals and drivers, in order 
to provide a wider range of functions (as the PC 
world has been doing for some years); further
more, some of these products also provide 
full compatibility with the (de facto or de jure) 
standard drivers and peripherals used with PCs 
and workstations. 

As will be described in more detail below, the 
new mass storage systems adhere to the channel 
standards (HPPI, FCS, etc.- see Chapter 4.9), and 
can be directly used from a PC to a mainframe. 

Another specific area of evolution in this 
sector is the automation of data centers with a 
view to establishing an unattended system: this 
effort involves hardware and software tools , as 
well as disciplines such as systems and network 
management, and problem determination. 

Key Technology Trends 

Medium-scale systems 

The technical evolution through RISCs, 
parallel processing and client/server logic also 
applies to this segment which, on the one hand is 
favoured by downsizing from mainframes and, 
on the other, is suffering from the pressure of 
server/workstations. 

From a technical point of view, there are 
no significant differences from the large-scale 
segment, and so considerations described above 
also apply in this context. The sector is pro
foundly characterized by a movement towards 
specialized systems (for instance, for mission
critical On-Line Transaction Processing, OLTP), 
fault tolerant systems, scientific and technical 
machines and the adoption of standards such 
as DCE and POSIX. 

LAN servers and superservers 

LAN servers and superservers represent a 
specialized sector of large and medium-scale 
systems, but these too are dominated by RISC 
and parallel processing. In this context, three 
evolutionary trends have come to light: 

- the development of communication servers 
capable of interfacing different types of net
works (in particular, high-speed networks) 
by means of frame relay interfaces; 

- the development of servers capable of 
dealing with multimedia information and 
supporting audiotex services; 

- the development of fault tolerance rack
mounted facilities. 
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PCs and workstations 

The differences between PCs and work
stations are disappearing: the technology is the 
same, CISC or RISC-based, and any remaining 
difference is due to their different configurations 
and peripherals. PC/WS are therefore boxes 
whose specialization depends on the different 
boards plugged in- and here, "bus compatibility" 
plays a key role. 

A brief analysis of buses and local buses was 
made in our last report. A local bus is now almost 
mandatory, and two products dominate the 
market: 

- VESA's (Video Equipment Standards Asso
ciation) VL-Bus, currently used in most 486 
and sometimes in Pentium class systems 
in conjunction with PCI ~ the forthcoming 
VL-Bus 2.0 extension pushes up the speed to 
50 MHz and broadens the bus to 64 bits; 

- Intel's PCI (Peripheral Component Inter
connect) 2.0 is the winner in Pentium class 
systems and is also planned to be used with 
different chips, such as DEC Alpha and 
Power PC. 

The built-in multiprocessor support of 90 
and 100 MHz Pentium makes it easier and less 
expensive to design the multiprocessor systems 
that are beginning to appear on the market. A 
typical dual processor board can boost per
formance by as much as 60% more than that 
provided by a single processor system. 

Another important new feature included in 
the latest generation of motherboards is Plug and 
Play, a widely accepted specification that allows 
system self-configuration. A Plug and Play sys
tem consists of three components: a Plug and 
Play operating system ,a Plug and Play BIOS, and 
Plug and Play devices with their drivers. With the 
first Plug and Play hardware already on the mar
ket, the first operating system fully supporting 
Plug and Play is planned to be Windows 95. 

On the peripheral bus side there are two new 
serial-bus standards, Access.bus and Pl394 (or 
Fire Wire, that aims to be the primary peripheral 
port on desktop computers). Access.bus allows 
up to 125 devices to be chained from a single port 
at speeds of up to 125 Kbps over a total cable dis
tance of8 metres; the Pl394 can daisy chain up to 
63 devices at speeds of between 5 and 20 MBps. 

Portable and hand-held computers 
and personal digital assistants 

The broad area ofportable,hand-held,pocket 
and pen-based computers (which, at the top 
level, also includes office products such as or
ganizers. data banks, translators, calculators, and 
so on) is continuously growing both in terms of 
functions and use. 

The main news items are: 

- Color unit growing; 

- 486 CPU as entry level, Pentium now 
available; 

- 200MB HD is the entry level, growing 
up to 800MB; 

- PCMCIA sockets are always present; 

- larger capacity is being provided for 
communication and interconnectibility; 

- multimedia facility support, possibly 
by means of a "docking station". 

Video display techniques 

The widespread use of Graphic User Inter
faces (G Uis) and, in particular, ofMS-Windows 
has accelerated the need for efficient monitors 
and powerful processing techniques, opening the 
way for the introduction of GUI accelerators, 
intelligent boards specialized for improving the 
speed of video management without increasing 
CPU load. 
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High-level monitors can now manage I ,600 x 
1,200 pixels; the availability of 24 bits of colour 
per pixel allows a palette of 16,777,216 different 
colours. This requires a lot of processing capabil
ity, which is ditTicult to achieve even with 486 at 
33 or 50 MHz: a coprocessor dedicated to video 
management and suitable compression tech
niques (such as the JPEG algorithm) currently 
represent the most advanced solution. 

Today's SVGA cards are equipped with 64-bit 
graphics engines supporting 1,600 x 1,200 reso
lution in up to 16-bit colour, and 1,280 x 1,024 in 
24-bit colour. All of the cards can use VRAM and 
most can have 4 MB mounted. 

Printer techniques 

The printer segment can be roughly divided 
into: 

- high capacity printers, normally used 
for mainframes; 

- plotters; 

PC and Workstation printers. 

The printing technology of high capacity 
printers is laser-based. The printers themselves 
are complex systems with sophisticated paper 
management mechanisms and a high-speed 
interface to the host that is normally based on 
proprietary protocols. Now, standard interfaces 
arc going to be adopted (see Chapter 4.9). 

Plotters are only used for specific applica
tions, normally for very large formats and the use 
of colour; for A4 and letter formats, the existing 
good quality PC printers have the same functions 
and are currently replacing the use of traditional 
plotters for technical drawings. 

As ftr as PC printers are concerned, user 
acceptance of colour ink-jet is growing while the 
price is decreasing; colour laser printers are now 
on the market at less than$ 10,000 and can print 
up to 600 dpi at about 2 ppm. B/W laser printers 
now print at 600 dpi and their print speed is 
growing at the same price. 

Key Technology Trends 

Almost all of these devices can be directly 
interconnected to LANs. 

Multimedia systems 

The technologies used in multimedia sys
tems were described in our previous reports, to 
which reference should be made for a technical 
overview. These systems are spreading fast, with 
the growing availability of PC boards for sound, 
image and voice processing, and cheaper high
performance PC/WS. 

On the multimedia software side , some 
"integrated" applications are being introduced, 
in particular for advanced speech recognition 
(dictation systems, audiotext automatic answer
ing machines, desktop televideoconferencing 
and so on). 

3.2 Architectures 

The integration of what were (until yester
day) completely different technologies, systems, 
services and functions (which characterizes the 
multimedia and distributed contexts of the 
current trend towards "global information") re
quires the re-thinking of the "new" integrated 
and multimedia architectures: the layered 
architectures of the high-speed techniques 
(see Chapter 4) are examples of this ongoing 
architectural evolution. 

Although the definition and wide acceptance 
of the open system standards discussed in pre
vious EITO reports, such as OSI (Open System 
Interconnection), and DCE (Distributed Com
puting Environment), are important results, they 
are only a first step towards a Comprehensive 
Multimedia Integrated Architecture. 

Current efforts are now mainly concentrated 
on the implementation of real interoperability, 
which primarily involves the "application layer" 
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and depends on both the application typology 
and the real "portability" of the application itself. 
This requires standard platform interfaces in 
different hardware environments. 

The battle being fought by system manu
facturers is mainly concerned with "application 
architecture" and the "related application devel
opment environment". This is true particularly in 
transactional and distributed environments, but 
also for the management ofthe various commu
nication techniques and transmission media now 
available. 

In this context, the OSF's DCE is beginning 
to take on a focal role, and will therefore be de
scribed below in a more detailed fashion than in 
the EITO 93 presentation. PO SIX and X/OPEN 
are also playing an important role, and are be
coming increasingly inter-related with DCE. 

OSF's DCE, Distributed Computing 
Environment 

DCE is the reference architecture for distri
buted systems defined by the Open Software 
Foundation (OSF), a consortium of major 
EDP manufacturers. The DCE architecture (see 
Figure 3) might be viewed as a detailed sub layer
ing of the higher OSI layers, which use the op
erating system and the lowest four OSI layers 
(up to the "transport layer"). DCE defines an 
integrated set of services that are independent 
of operating systems and networks, and support 
the development, use and maintenance of dis
tributed applications. The current DCE release is 
version 1.0.3; the major goals ofDCE 1.1 will be 
the enhancement of its administrative functions 
and security (it is planned to introduce GSSAPI, 
the Generic Security Service Application Pro
gram Interface). 

As Figure 3 shows, "security" and "manage
ment" are key elements of all of the layers in the 
model. DCE now consists of seven tools and 
services (divided into fundamental distributed 
services and data-sharing services). The funda
mental distributed services include threads, 
RPCs, and directory, time and security services; 
data-sharing services build over the fundamental 
services and include DFS (Distributed File Sys
tem) and diskless support. The OSF has reserved 
space for the possible introduction of spooling, 
transaction services and distributed object
oriented environments. 

The distribution processing logic is based on 
"threads", a thread being an elementary unit for 
CPU assignments. In comparison with a usual 
process or task, this is very small and therefore 
facilitates the parallelism required for distri
buted processing: in the DCE, we speak of 
"multi-threads" rather than "multi-tasking". 

Multiple tasks within applications are divided 
among multiple communicating processes and 
into multiple execution threads. 

The DCE architecture is based on a client/ 
server relationship, with a Remote Procedure Call 
(RPC) for the exchange of messages between the 
two cooperating processes. RPC is synchronous 
by nature: a client makes a call for a remote 
function and then waits until the call is fulfilled; 
with threads, one thread can make the request 
and another can begin to process the data for a 
different request. 

A number of modern operating systems are 
multithreaded, but much of the installed base is 
not. In order to support DCE distributed appli
cations on those systems that do not natively 
support threading, a library of thread routines is 
available for the most common OS. Note that 
DCE RPC and the security, directory and time 
services all use the threads service. 
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Source: OSF

The RPC protocol is well defined and is not
subject to user modification, thus guaranteeing
interoperability in heterogeneous environments
and allowing the use of different transport proto-
col pileswithout affecting the coding ofthe appli-
cation. OSF is exploring extensions to its RPC
interface definition language thatwill add object-
oriented functions. Once implemented, these
features should support the OMG's CORBA
on top of the DCE infrastructure.

The Distributed Directory Service provides a

name service which is transparent to the user
and capable of dealing with both intracell and
worldwide communications. It is based on the
following components:

CDS (Cell Directory Service); a network cell
is a group of systems administered as a single
entity : the CDS is optimized for local access;

GDA (Global Directory Agent) is a naming
gateway that connects the DCE domain to
other administrative domains through the
X.500 worldwide directory service and DNS
(Domain Name Service);

GDS (Global Directory Service), based on
X.500 is the highest level of the directory
hierarchy in order to connect multiple cells
in multiple organizations ;

- XDS (X/Open Directory Service) supports
the X/Open API for directory service calls.
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The Distributed Security Service is based on 
an "authentication" of users, messages and re
sources that is also provided by means of the 
Kerberos cryptography. "Authentication" means 
verifying the identity of an entity (i.e. a user or a 
service); "authorization" (or access control) 
grants privileges to the entity, such as access to a 
file. Kerberos uses private-key encryption to pro
vide three levels of protection. The lowest level 
only requires the authenticity of the user to be 
established at the initiation of a connection; the 
second level requires the authentication of each 
network message; at the highest level, each 
message is encrypted as well as authenticated. 
OSF is now planning to introduce a notarization 
service (including registry and authorization 
services), as well as authorization checks based 
on POSIX-conformant ACLs (Access Control 
Lists) and an RPC authentication interface. 
OSF also intends DCE applications to be 
portable from Kerberos to public-key authenti
cation schemes, such as RSA (Rivest-Shamir
Aldeman). 

The Distributed File System provides trans
parent access to any file of any network node. 
Based on AFS (Andrew File System), DFS uses 
four principal components: the DCE Logical 
File System, a protocol exporter (file server), a 
cache manager (client), and a token manager. 

The Distributed Time Service ensures syn
chronization with other systems; any non-time 
server system is called a clerk. DTS uses three 
types of servers to coordinate network time: a 
"local server" synchronizes with other local 
servers on the same LAN; a "global server" is 
available across an extended LAN or a WAN; 
a "courier" is a designated local server that 
regularly coordinates with global servers. 

OSF's DME, Distributed Management 
Environment 

OSFis developing aD ME in order to provide 
a consistent, high-level interface to manage 
DCE network devices and applications: while 
DCE provides a basic architecture, DME offers 
a method of managing the architecture. 

The DME model is shown in Figure 4: it is a 
hierarchical structure of applications and serv
ices with their own APis, that goes down to the 
managed objects. 

DME is intended to work with DCE and 
OSF/Motif according to the following main 
rules: 

- All OSF application services will be based 
on DCE's Remote Procedure Call (RPC) 
services. 

- Object access via the DME framework can 
be authorized on a per-request basis, with 
authorization being supplied by the DCE. 

- DME objects and services will be named and 
located using DCE directory services. 

- Services providers can be multi-threaded via 
DCE's threads function. 

- Many DME services will use the DME 
graphical user interface based on OSF /Motif. 

The OSF's approach is not to define a 
standard architecture but, very pragmatically, to 
put together a set of existing technologies and 
both de facto and de jure standards in the distri
buted environment. 

Figure 5 shows a typical DME implemen
tation, illustrating the DME interlocking parts 
together with the names of the supplying 
companies. 
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3.3 Software Technologies 

The increase in the speed of software evolu
tion during the 1990s is mainly due to two inter
related factors: the enormous strides being 
made in object technology and the developments 
taking place in workstation and PC operating 
systems, network operating systems and DSPs. 
There is an unending stream of software innova
tions, with every new development leading to 
new applications and services that generate fur
ther significant changes in end-user behaviour at 
home and at work, particularly in the multimedia 
context. 

The convergence of various technologies, the 
technological interfunctionality ofthe ICTworld 
and a global evolution in the direction of the 
information society are all driving forces that 
ensure the key role of software as an operational 
"adhesive" for ICT as a whole. 

• • • • • Management 
Application 

Management 
Application 

Management Information Storage 

According to EITO's statistical section, the 
software sector is subdivided into: 

- system so./fware and utilities (also called "basic 
software"), which mainly includes operating 
systems; 

application tools (also called "middleware"), 
which include all environment software: 
from graphic interfaces to communication 
software, relational databases and the devel
opment environment, and from languages to 
Computer Aided Software Engineering 
(CASE) tools; 

- application software, which includes all ofthe 
software solutions for specific problems. 

A great deal is being done in all fields of soft
ware technology standards, particularly in rela
tion to software total quality and control metrics. 

• 
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Object technologlr
and component software

EITO 93 provided a brief introduction to the
object concept and a brief description of Object-
Oriented Analysis (OOA) and Object-Oriented
Programming (OOP);since then, OOP has be-

come the latest paradigm for computer pro-
gramming and is radically changing the logic
underlying program design and development,
the way in which a development team works and

the various skills required by programmers.

In general, object-based systems are much
more flexible and easier to maintain than their
procedural-based counterparts. The two main
objectives of software development are strictly
related to each other: to ensure that the same

code can be transported to different platforms

and used for different applications. Further-
more, objects are an enabling technology for
distributed computing, multimedia applica-
tions, document processing and so on, above all
because their powerful abstraction capacity
means that they work best when dealing with
complexity.

All of the modern development environ-
ments and application architectures that the
main manufacturers have put on the market try
to satisfy these objectives.

In order to understand the evolution of the
different approaches and strategies adopted by
the main competitors in this arena, it is first
necessary to consider the basic concepts and
principles underlying an object; these are briefly
described in the following box.
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An object is a self-contained software 
module consisting of a set of data and its 
associated processing information. Objects 
can only be accessed through well-defined 
interfaces called methods. A method is the 
logical operation provided by an object. To 
invoke a method, an object sends a message 
consisting of the receiving object, the name 
of the specific method and all of the para
meters required by the method itself. The 
interaction of objects therefore takes place 
by means of the mechanism of messages. 
However, it should be noted that the word 
"message'' is also often used to denote a sys
tem event, especially in GUI-based systems 
(for instance, a mouse click in the Windows 
environment is said to generate a message), 
but this should not be confused with the 
term as applied to object technology. 

Figure 6 shows the main components of 
an object. 

A class is an abstract data type which 
defines the data and methods for a specific 
type of object from which can be derived a 
set of hierarchically dependent sub-classes 
that inherit all of the characteristics of the 
origine class. 

A class may also be part of a more general 
"super-class". Programmers use classes to 
define instances of objects within their 
programs; for example, a person is a class of 
mammals, "man" and "woman" are two sub
classes, and Marco and Rosa are specific 
instances (objects) ofthe two subclasses. 
In object-oriented programming languages, 
the objects are "instances'' implemented as a 
source-code template within a program. 

Real objects have to have the basic 
characteristics of inheritance, encapsulation 
and polymorphism. 

Key Technology Trends 

Inheritance allows the common charac
teristics of object-classes to be specified 
once, making it possible to derive new and 
specific object-classes by adding only the 
appropriate items (such as more data 
structures or methods, or an extension of the 
capabilities of the parent method). In object 
theory, inheritance refers to object classes. 

Encapsulation is the technique of combin
ing codes (i.e. processing logic) and data 
into objects. Conceptually, object encapsu
lation corresponds to class inheritance and 
the encapsulated function of an object is 
accessed through well-defined interfaces 
consisting of methods. Encapsulation helps 
to minimize the reworking of the relation
ships between different parts by means of 
the use of pre-existing modules. Aggregation 
is an object-oriented technique that allows 
individual objects to be grouped together 
to form a meta-object that provides all of 
the interfaces or methods of its constituent 
objects. 

Polymorphism allows different hierarchical 
objects to be accessed through the same 
interface (method), although each object 
can perform its own custom processing when 
invoked through this interface. It is a way of 
using the same name for a method that is 
shared up and down an object hierarchy, 
with each object in the hierarchy implement
ing the action in a way appropriate to itself. 

Polymorphism is usually provided by 
means of the dynamic allocation of methods 
at compile time. 
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"Component software" means that a program 
can be built using small but powerful units (the 
"components"). When considering a specific 
language, this concept is not new because sub
routines and library functions are always used 
together with structured approaches. The current 
trend is to try to create component units based on 
objects that are independent oflanguage, operat
ing system or platform, although this goal has 
still not been completely reached: normally, soft
ware components use a binary model but object
oriented programming should use a source-code 
model. 

In component-software logic (often called 
"componentware"), application developers do 
not need to know the intervals used in writing the 
component, but only how to use the interface 
that the component presents. At present, a very 
popular and widely diffused solution is Micro
soft's VBX (Visual Basic Extension) that provides 
a large number of available components: from 
communication functions to client/server data
base applications; from multimedia support to 
fax-on-demand, and so on. Despite its success, 
VBX is not an open solution: VBX-APl and its 
data structures are strictly 16-bit oriented on the 
Intel CPUs. 

Object-oriented programming languages 
and development tools have been designed for 
implementing applications by creating object 
definitions in the form of a source code. The 
language-based object definitions can be shared 
and reused in different applications, but these 
objects are normally dependent on both lan
guage and implementation: when an object is 
upgraded, its dependent applications have to be 
recompiled and redistributed simultaneously. 
They therefore do not satisfy the need for 
different objects, supplied by any company, 
written in any programming language and also 
capable of interacting in a heterogeneous dis
tributed environment; this is the aim of"com
ponent software". Given the existence of many 
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objects that need to cooperate with each other, 
it is important to have a well-designed object 
model that formally defines what objects are and 
also the rules governing an object's interaction 
with the outside world. What makes an object 
interoperable is the design of its object model 
and its ability to cross the boundaries of the 
processor, the languages used, the operating 
system and the address space. It must also cover 
security and networking aspects, and solve 
naming problems in distributed environments. 

Various solutions and object technologies are 
already on the market, but none of them is yet 
capable of satisfying all of the above-mentioned 
goals of component software. Almost all object 
technologies are based on a logic structure that 
has three main layers (see Figure 7): the lowest is 
concerned with interprocess object models, the 
intermediate one with component integration 
models and the highest with applications and 
development systems. 

The lowest layer includes the proprietary 
models already present on the market, such as 
IBM's System Object Model (SOM) and Dis
tributed SOM (DSOM),Microsoft's Component 
Object Model (COM), Next's Portable Distri
buted Objects (PDO), HP's Distributed Object 
Management Facility (DOMF), Sun's Distri
buted Objects Everywhere (DOE) and Novell's 
Applware. 

The activities of the Object Management 
Group (OMG) and Common Object Request 
Broker Architecture (CORBA) represent the 
most advanced results in terms of standardiz
ation, but a large number of important aspects 
still have to be solved and defined. 

The main aim of this f1rst layer is to solve the 
problem ofthe tight binary coupling between an 
application and the objects it uses. 
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The second layer deals with functions such 
as linking and embedding, drag-and-drop, in
place activation and so on. The facilities already 
available include Microsoft's OLE, Apple's 
OpenDoc, Next's OpenStep and CORBA CF. 

All of these facilities are based on the logic 
and concepts of a multimedia-document model 
for end-user applications. An application frame
work provides the user with a set of objects 
(often called "compound documents") capable 
of dealing with all types of information: text, 
images, sounds and voice. 

A war is now taking place in order to establish 
a position of dominance in the object software 
development environments over the short term, 
the two main combatants being Microsoft and 
IBM. This war is conceptually based on different 
approaches to the meaning of inheritance and 
implementation. According to Microsoft, it is 
difficult to specify and guarantee a precise inter
face between a base and a derived object, and so 
object technology must be incorporated into sys
tem software and applications must be designed 
to enable these system software capabilities. This 
approach makes a distinction between object
programming languages and object-enabling 
system software, clearly differentiating com
ponent from implementation inheritance. 

While object-oriented programming can be 
used to build individual applications that run as a 
single process, system software must provide a 
bridge between different applications by ensur
ing the integration and interoperability across 
application and machine boundaries of the 
objects written by different companies using 
different programming languages, as well as the 
ability to enhance and upgrade objects auto
nomously without disrupting the operation of a 
distributed system. Object-enabling system soft
ware defines a binary object interface that is not 

dependent on the programming language. Com
ponent inheritance allows objects to be easily 
reused in different applications, without creating 
any implicit relationships between them. Imple
mentation inheritance is the "classical" mechan
ism that allows object subclasses to be defined 
using general, superclass object definitions as 
templates. Common data and methods are defi
ned at the superclass level, and then additional 
specialized data and/or methods are defined 
for each subclass. Given that implementation 
inheritance could create implicit interdependen
cies between objects, it may prevent objects from 
being freely interchanged between different 
vendor implementations or autonomously up
graded in distributed object systems. 

The IBM approach is increasingly oriented 
towards providing full implementation inher
itance and supporting object interoperability in 
distributed contexts according to CORBA logic. 

Before looking at some of the details of the 
Microsoft and IBM solutions, it is worth con
sidering the present CORBA specifications. 

CORBA, Common Object Request 
Broker Architecture 

This has been defined by the Object Manage
ment Group (OMG ), a consortium now made up 
of more than 300 companies. OMG was founded 
in 1989 by just a few companies (including Digital, 
HP,NCRand SunSoft) in order to define a stan
dard for the interoperability of object-oriented 
programs among different operating systems and 
platforms in heterogeneous networks. 

CORBA is a reference framework based 
on Object Management Architecture (OMA-see 
Figure 8) which, unlike other models such as 
COM and SOM, does not address the question 
of implementation. 

OMA defines the complete reference model, 
while COREA focuses on the interaction of 
objects and the mechanisms enabling them. 
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OMA is based on the CORBA Object Request 
Broker (ORB- see Figure 8): Object Services are 
defined in an OMG document called Common 
Object Services Specifications (COSS), which 
details the objects performing such basic activ
ities as event, naming and persistence lifecycle 
services. Other activities which are going to be 
defined in the future include transactions, con
currency control and relationships; and there are 
plans to define security, versioning and querying 
acitivities. 

Common Facilities (CF) are also currently 
being defined in order to provide application and 
work group services such as mailing, printing, 
data base queries, bulletin boards and compound 
documents; these are at a higher level than ORB 
and object services and, as they are application
oriented, may be used by distributed application 
developers. 

CORBA defines the OMG object model, 
which clearly separates interfaces from imple
mentation. The objects are identified by means 
of an implementation-defined reference that 
uniquely refers to the same object every time it 
is requested. CORBA's model is based on the 
"traditional" object concept: a client sends a 
server a message requiring an object with certain 
parameters. CORBA does not specify how the 
reference is implemented: in C++ programs, for 
instance, each object is identified (i. e. refe
renced) by its address in the memory. 

The present CORBA 1.1 version does not 
guarantee that every object reference is unique, 
but a Universal Unique Identifier should be 
provided in the new 2.0 version. 
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In the OMG model, an object is dynamically 
instanced and cancelled in response to a request, 
and has all of the possible relationships (i.e. sub
type and supertype). Multiple inheritance is per
mitted, but is limited to the interf~1ce . The inher
itances between interfaces are specified by means 
of the Interface Definition Language (IDL), 
which is not dependent upon the implementa
tion language. IDL allows the definition of an 
interface to a service and describes the interface 
to the code that will execute the function and 
generate the "stubs" that perform the operation. 

All of the information exchanges between 
cooperating processes are performed by RPC 
primitives that hide the system's specific run
time and communication aspects. These are 
solved at "compile-time", when an intermediate 
code (or stub) is generated to deal with the run
time and communication aspects of the platform 
(see Figure 9). 

The stubs can be generated in any languages 
for which the IDL has a mapping. 

CORBA IDL is a C++ like language and 
allows the complete syntax expression of inter
faces, including name, parameters and result 
methods. 

The Object Request Broker (ORB) manages 
the interactions between the objects of clients 
and servers. To provide these functions, CORBA 
is structured in the form of three interfaces that 
may be differently implemented by different 
manufacturers: a client-side interface, an object 
implementation-side interface and an ORB core 
(see Figure 10). Dynamic invocation allows 
requests at run-time when the object interfaces 
are not known at compile time. The client pro
gram calls the ORB in which the object, request 
and parameters are defined, and is in charge of 
dealing with the parameter types and the results. 
The IDLstubs are generated by the IDL interface 
definition and linked into the client code. The 
0 RB services can be directly accessed by the 

Client Server 
Application Application 

I I 
stub I stub I 

I I 
RPC RPC 

run-time run-time 

I I 
Transport Transport 
Services Services 

I I 

client program via the ORB interface. The 
present CORBA specification does not detail 
these services. Via the IDL skeleton, the ORB 
calls the skeleton which, in its turn, calls the 
method requested by the client program. 

OBJ adapters allow object implementation 
services, such as object activation, the generation 
and interpretation of references, security and so 
on.As an alternative to IDL, CORBA introduces 
the concept of repositories for both interface and 
implementation definitions. 

CORBA is a meaningful attempt to define a 
standard architecture for distributed objects, but 
a large number of items still require further 
study. CORBA does not specify any implemen
tation recommendations, which is why all of the 
implementations now available on the market 
are proprietary products. 

Figure 9 
Stub Logic 
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Source: OMG. Dr. Dobb's Journal

COM, Component Object Model
and OLE, Object Linking and Embedding

The Microsoft COM specifies a binary ap-

proach to object interaction and forms the basis

of OLE. COM must not be confused with the
Common Object Model, an open architecture
for the cross-platform development of client/
server applications based on object-oriented
technology. The Common Object Model is the
functional equivalent of the Component Object
Model for UNIX-based platforms that today
include SunOS, IBM AIX, HP-UX, ULTRIX,
OSF/I and OpenVMS. The Common Object
Model defines a common DCE RPC-based
protocol and a subset of core OLE 2.0 functions.

With reference to the Microsoft approach
described above, it is important to underline the
fact that it pushes more on the side of encapsula-
tion than inheritance. COM and OLE support
"aggregation" and "containment" for object
reuse rather than inheritance, not only because

of possible problems in error management with
inheritance, but also because of Microsoft's
marketing interest in developing new and ad-
vanced Windows objects for the next generation
of operating systems.

Containment allows a sub-object to be en-

tirely used by the "containing" object for its inter-
nal purposes; aggregation allows the sub-object
to be directly accessed, and the methods can be

invoked via the owner interface. With conven-
tional OOP, a function is normally extended
by adding the new functions to the base class
(i. e. writing ad hoc codes) : the compiler redirects
the call for the newlv added functions to the
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ad hoc code and routes other calls to the parent 
object. OLE does not provide such redirection 
automatically and requires the pointers to the 
reference class to be explicitly indicated in the 
specific table (vtable) of the derived object: as 
there is no inheritance chain in COM and OLE 
logic, the "query" method of an object can only 
read the local vtable.An instantiation of an inter
face is simply an array of pointers to functions; 
any code that has access to that table (that is, a 
pointer to the top of the vtable) can call the 
functions in that interface. 

COM defines a binary object interface and 
allows standalone packaged applications to 
explore and use the services provided by other 
COM-based applications in a dynamic manner. 
COM is the basic wiring and plumbing for all 
OLE features. A key feature of the Component 
Object Model is its ability to facilitate between
object communications across a network via an 
RPC mechanism (called Microsoft RPC) based 
on, and compatible with, the DCE RPC. 

OLE can be considered a logical evolution of 
Microsoft's previous solution for process inter
action, Dynamic Data Exchange (DDE), based 
on an asynchronous protocol between a "DDE 
Server" and a "client" application in the same 
machine. Version 1.0 of OLE used DDE to pro
vide embedding and linking mechanisms, but 
the DDE protocol has now been abandoned in 
favour of COM. OLE 2.0 adds further services 
and defines a set of 60 interfaces for Windows 
objects: these interfaces are a set of function 
pointers that a "client application" can use. 

With OLE 1.0, objects are inserted into client 
documents. In the case oflinking, an object refers 
to data in the format that the server applications 
are able to recognize; in the case of embedding, 
the object itself contains those data. Considering 
it from a practical point of view, a user "double 
clicks" on the selected object in order to activate 
the related server applications and transfer data 

to them. With OLE 2.0, the client document is a 
"container". When a user "double clicks" on the 
object (for instance, a range of cells in a spread
sheet such as Excel) inserted in a container docu
ment (perhaps a Word document), the container 
context (in our case, the Word menus and frame 
controls) is completely changed into the inserted 
context (the Excel environment), with the se
lected data highlighted. OLE 2.0 objects support 
interfaces for memory management, name 
binding, data transfer and object storage, and 
constitutes about one third of an operating 
system. The relationship between OLE 2.0 and 
COM is shown in Figure 11. The evolution of 
OLE 2.0 will be distributed objects, and Micro
soft say that this feature will be covered by Cairo, 
the next generation operating system. 

In order to surpass CORBA object identifica
tion, COM provides "Global Unique Identifiers" 
(GUIDs) consisting of a number (an integer of 
128 bits) that is unique across space and time. 
To maintain its goals, Microsoft directly delivers 
the G UIDS in block of256 numbers and by using 
OLE 2.0 SDK (Software Development Kit). 

COM and OLE form the basis ofMicrosoft's 
strategy to evolve the Windows family into ob
ject-oriented operating systems. Future versions 
will extend their object-based services to include 
facilities such as integrated OLE Custom Con
trols, multimedia services, data-access services, 
name services, and distributed security. These 
object-based services will gradually become per
vasive, providing easily replaceable components 
within the operating system itself. 
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Source: Microsoft, Byte

SOLL Systems ObJect Model
and DSOM Dtstlbuted SOM

SOM and DSOM represent a significant
implementation of the OMG model and provide
some of the features eharactetaing the IBM
solution for object technology. SOM is for tight
binary coupling between an application and the
used class libraries ; DSOM for a CORBA-ORB
compliant distributed structure of interoperating
objects.

SOM interfaces are defined by means of
an extended version of CORBA IDL, which uses

a compiler capable of generating the interface
stubs and the skeletons: in addition to the
present OMG model functions, SOM also pro-
vides run-time support for objects.

SOM is based on a simple object hierarchy
with a unique common root: the base class

SOMObject, whose methods are common to all
of the derived classes and objects.

SOM also introduces the "metaclass'concept
(not defined in CORBA) that describes a poten-
tial set of classes. Further extensions relate to
implementation statements, instance variables,
private methods and variables.

Like the CORBA model, SOM provides
interface inheritance: any method available in a
parent class is also available in the subclass.Its
main difference from CORBAlies in the fact that
the subclasses also inherit the procedures which
implement the methods.

The subclasses can add new methods, attri-
butes and variables that will be inherited in their
turn (as is the case with C++ class inheritance,
for instance). The SOM method call is similar to
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that of the virtual functions in C++: when one 
object calls another, the SOM run-time engine 
intercepts the call, identifies and activates the 
called object, and then translates its parameters 
into a binary standard. 

In this way, SOM overcomes some of the 
present constraints of OOP languages (which 
cannot use a library written in, say, Borland C++ 
within a Visual C++, nor extend object libraries 
using COBOL or other languages); providing 
the SOM engine and not the OOP system is re
sponsible for inheritance and method dispatch, 
all of these functions can be performed. 

In order to provide distributed objects, IBM 
supports SOM with Distributed SOM (DSOM), 
which extends the language and operating 
system of neutral SOM with objects that are not 
dependent upon their location. DSOM supports 
objects distributed across process spaces on a 
single machine and across different machines 
in a network. 

OpenDoc is the object-oriented compound 
document architecture defined by Apple to
gether with Novell, WordPerfect, Sun, Xerox, 
Oracle, IBM and Taligent. 

The kernel of OpenDoc is based on the 
Bento storage mechanism, SOM and a script 
mechanism modeled on MAC's Apple Script. 
The storage mechanism provides a persistent 
identifier, is transactional, and is capable of 
managing multiple revisions of the same object 
(OLE 2.0 does not provide revision control, 
which should be provided in Cairo). 

The script mechanism provides a set of 
standard interface primitives (called "verbs") 
that are very general and allow the poly
morphism of all OpenDoc applications. For 
instance, the verb "move to the next item" could 
mean "move to the next word" in a text, or"move 
to the next cell" in a spreadsheet. 

Object databases 

Object Database Management Systems 
(ODBMS) are now a key element in object
oriented software development. So far, the re
lational model has been adopted as the preferred 
technology of data bases, using both traditional 
languages (such as Cobol) as well as true DBMS 
data manipulation language (e. g. SQL). Nor
mally, SQL queries are embedded within the 
procedural languages. 

Object Oriented Languages (OOLs), such as 
SmallTalk, Eiffel, and C++, constitute the new 
programming paradigm and, as described above, 
they manage objects that include complex 
information structures and the methods for 
manipulating the information. 

But OOLs that are capable of managing 
multimedia and distributed/application-server 
applications have problems in using the relational 
data model and the RDBMS products currently 
on the market, in particular those for abstract 
data types, encapsulation and inheritance. Logi
cally, the concept of an object supersedes that of 
a "data base", because it is the object itself that 
includes the information structure and the 
operations that can be done using it. But what 
happens to that information when the applica
tion is not running? This is the origin of the need 
for an object database, and also for the need to 
guarantee the integrity, reliability, consistency 
and persistence of the stored information. 

ODBMS standardization is on the way: the 
Object Database Management Group (ODMG) 
started in 1991 and has developed a proposal 
called ODMG-93 that may be adopted by ANSI 
and ISO. This proposal defines the Object Data 
Model (ODM), the Object Definition language 
(ODL), the Object Query Language (OQL) and a 
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suitable Application Program Interface (API) to 
be used for C++ and Small talk languages; it is 
also congruent with Common Object Request 
Broker Architecture (CORBA) and can therefore 
support distributed objects. 

An ODBMS schema is created by means of 
an ODL specification, very close to a Backus
Naur Form: an ODL pre-compiler translates the 
specification into a source code, now in C++ 
or in Smalltalk. The precompiler deals with 
information structures, classes and methods as 
defined by the ODL specification. As part of the 
object process, the method contains ODBMS 
API for managing attributes other than the suit
able implementation of the database behaviour. 

It is important to note that an ODM cannot 
have a rigorous mathematical logic: for instance, 
operations hke "join" or "sort" are not strictly de
fined for an object, but only for their attributes. 
These operations can therefore be done by 
means oft he attribute values. The OQL provides 
an SQL-like tool able to perform all of the opera
tions of a RDBMS on objects and attributes. 

The lifetime of an object exceeds that of 
the executing program, and this characteristic of 
persistence is important for object-interacting 
applications. ODMG-93 defines three types of 
persistence: 

i. coterminous with procedure: the object store 
is maintained in a stack only at run time, and 
is deleted when the procedure returns; 

ii. coterminous with process: the object store 
lasts for the same length of time as the proc
ess, and is deleted when the process exits; 

iii. coterminous with data base: objects are 
stored on disk under ODBMS control. 

ODBMS store object attributes, not the 
methods affecting the status of an object: access 
to an attribute is provided by its method. 

Key Technology Trends 

ODBMS manage object persistence: en
capsulated object references are dynamically 
analysed to determine whether dependent re
ferences have to be fetched. In order to improve 
performance, an object and all of its references 
should be placed in a cache memory. 

Each time an object is created, a unique Ob
ject IDentifier (OlD), independent of the status 
of the object, is added to the identifier table. 

The multiple and concurrent access and use 
of objects require a truly consistent ODBMS and 
traditional mechanisms, such as concurrency 
control and exclusive write-lock, are also applied 
to objects. 

A distributed ODBMS will be based on the 
CORBA logic in order to integrate physically 
different ODBMS into a single logic (virtual) 
ODBMS . The user does not need to be aware 
of the physical distribution and operates on a 
unique, global and consistent data base. The 
OlD table is distributed along with the objects. 
Message passing is used to relocate objects 
under the control of an Object Request Broker 
(ORB- see Figure 12). ORBs perform many of 
the functions of an operating system and also 
have to provide functions for communications, 
network administration, access control, format 
conversion, memory allocation , and security via 
encryption/ decryption. 

Some ODBMS are now commercial pack
ages, operating on different platforms: the 
absence of a consolidated "de jure" standard, 
as well as the absence of a "de facto" standard, 
still make it difficult to identify one product as 
outstanding in comparison with the others. 
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The evolution of PC and WS
oPerating systems

The PC and Workstation segments already
play a central role, both as driving forces in IT
marketing and as key elements in the develop-
ment of information system architectures (now
based on client/server, distributed, open logics).
Consequently, PC operating systems and their
related development environments, represent
the focal point of an ongoing battle for suprem-
acy not only in this IT segment, but in the ICT
market as a whole.

In this battle, the technological reference
point is Microsoft, whose Windows environ-
ments now also condition the Unix world. the
key pillar dominating medium-scale systems:
the main competitors include IBM, Apple,
Novell and Next.

Figure l2
Object Request
Broker Architecture

The rapid evolution of operating systems in
this segment is based on:

- the microkernel approach;

the widespread use of object technology;

- greater independence from hardware
platforms.

Microkernels are the essential core of all
operating systems; their very few kilobytes pro-
vide all of the basic services, such as memory
management, the supervision of interrupts and
exceptions, real time execution and, above all,
interprocess communication. The microkernel
isolates all hardware dependent characteristics,
and is therefore portable to the different nodes of
a multiprocessor or distributed system. Above
the microkernel, various specific modules pro-
vide the classic functions of higher-level operat-
ing systems in the form of independent "sub-
systems" (e.9., device managers, file managers,
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etc.).All of these modules intemperate by means 
of well defined interfaces and messages, and run 
in user (not just privileged) areas. Conceptually, 
excluding the micro kernel itself, the largest part 
of an operating system runs as a highly flexible 
application, with the microkernel substituting 
horizontal for the traditionally vertical stratifica
tion of functions. Microkernellogic has already 
been adopted by the latest advanced operating 
systems: by OSF/1 and IBM's OS/2 (which use 
the MIT Mach microkernel), by Novell Net
ware/Unixware (which also consider the French 
Chorus microkernel) and by Microsoft NT. 

Moreover, the use of objects (which fit very 
well with microkernellogic) provides operating 
systems with inheritance and polymorphic 
features and allows the "dynamic binding" ofthe 
required functionalities at any specific run time. 

This approach makes it possible to reduce the 
size of the memory required and customize the 
"operating system" for specific operations (for 
instance, peripheral drivers and DSPs). In a dis
tributed environment, this capacity allows a node 
with only one microkernel to acquire the specific 
objects that perform a requested operation from 
another, and then to cancel them: this is the 
implementation of "auto-replicant" operating 
systems. IBM's Workplace OS and Taligent, 
Microsoft's Cairo, Apple's System 8 (Copland) 
and the future Gershwin, and Sun's Spring OS 
(that includes the main features ofNext's Next
step) are all following this approach in the prepa
ration of their next OS solutions. 

The goals of portability and scalability will be 
reached by using smart emulators and by adding 
an intermediate code to the basic features de
scribed above that will make operating systems 
independent of hardware platforms (in a similar 
way to that of the OSF's ANDF solution for 
Unix application portability). As described in 
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EITO 94, an Architecture Neutral Distribution 
Format (ANDF) application running code can 
be installed on various processors. In the devel
opment machine, this "intermediate code" is 
created from the "source code" and generates the 
running code on the target computer. 

4. Telecommunications 

4.1 High Speed Technologies 
for Information Highways 

High speed communication techniques were 
briefly considered in EITO 93 but, over the last 
two years, information highways have become 
the focal point ofiCT player strategies and have 
also generated a great deal of interest in a future 
"information society" among ordinary people 
and politicians. 

As is discussed in more detail in Part Two 
"The European Information Infrastructure", 
information highways are still more of a concept 
than a consolidated and universally accepted de
finition. Introduced by the Clinton Administra
tion in its National Infrastucture Plan, informa
tion highways can be generally described as high 
speed communication infrastructures capable of 
delivering all types of information anywhere by 
means of a friendly and possibly cheap interface. 

However, the "high speed" mentioned in the 
description above is just a relative concept. What 
does it mean: a minimum of2 Mbps (1.5 forTI) 
or 144 Kbps or 64 Kbps? Furthermore, neither 
the transmission tools nor the transmission 
techniques are defined. 

In the world of transport, a highway consti
tutes the "backbone" of road networks and not 
only has to be interconnected with all of the other 
roads (whatever their type and size -local, urban, 
regional, etc.), but also to be capable of support-
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ing all types of traffic (motorcycles, cars, trucks 
and so on). Furthermore, it has to be equipped 
with a series of services: roadside assistance, 
police support, petrol stations, parking places, 
bus stops, etc. 

Ifinformation superhighways are to form the 
basic infrastructure for a globally integrated, 
multimedia, friendly and cheap communications 
network, they will need to have the features that 
will characterize the information society: multi
media information and users who are not ICT 
experts but probably "mobile" and capable of 
using small and cheap devices. 

The full digital approach (i.e. the ability to 
code every type of information in a string of bits 
of 0 and 1) is the basic technology of the super
highways. It is possible to define multimedia in
formation "as a set ofbits strictly tied together": 
images, books, photographs, voices, an episode 
of a TV series or an entire motion picture can all 
be coded in bits, and therefore transmitted, 
processed and stored. 

The global evolution of ITC, particularly the 
developments taking place in the TLC fleld, is the 
highway's technological engine. This evolution 
can be seen in terms of three main elements: 

- greater speed, which is strictly tied to increas
ingly available bandwidths (as a result of new 
transmission techniques) and the widespread 
use of optical fibres; 

- more "intelligent" networks that are simpler 
and easier to manage and that can be used 
flexibly, dynamically and in a customized 
fashion; 

- the greater ubiquity and mobility of end-user 
systems that is likely to come from miniatur
ization and wire-less communication. 

Speed 

High speeds are necessary for the transfer of 
images and movies, the integration of different 
types of information in multimedia contexts, and 
the interconnection of LANs (Local Area Net
works), MANs (Metropolitan Area Networks) 
and WANs (Wide Area Networks). 

Figure 13 shows the average and peak speeds 
necessary for some types of information in 
broadcasting or interactive contexts. 

The new high speed transmission techniques 
use not only optical fibres, but also other tradi
tional means such as twisted-pair, coaxial cables, 
and satellite and wire-less channels. 

The assumption underlying these technol
ogies is that, at the ends of the connections, there 
are "intelligent" systems capable of checking and 
correcting possible errors. The transmission and 
network protocols to be used for reaching the 
maximum speeds allowed by the means do not 
provide very sophisticated routing or error de
tection, recovery and retransmission procedures, 
which are left to the higher layers at the ends of 
the communication path. Furthermore, optical 
flbres are intrinsically more reliable and there
fore require much fewer checking and recovery 
procedures. 

A number of techniques have been intro
duced, some of which are already "de jure" 
(international) standards, others are becoming 
"de facto" standards and are likely to be inter
nationally recognized in the near future, and 
still others are currently being evaluated by users 
and the market. The CCITT plays a key role in 
relation to "de jure" standards, designating a 
letter to denote the series and a number which 
refers to the standard itself: 

- the "V" prefixes relate to serial data trans
mission; 

- the "X" prefixes relate to modem data trans
mission over telephone circuits; 
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Information Types 

Distributed 
Television 
High Definition TV 
High Fidelity Audio 

Interactive 
Telephony 
Videophony 
Motion Videotex 
Video Retrieval 
Color Facsimile 
File Transfer 
CAD/CAM 
LAN-to-LAN 

Source: SMAl! 

- the "I" prefixes relate to ISDN; 

- the "Q" prefixes cover signalling protocols; 

- the "G" prefixes relate to audio and voice 
encoding; 

- the "H" prefixes specify standards for video 
processing and transmission over telecom
munications lines; 

- the "T" prefixes relate to telematic services 
and equipment. 

Some of the new techniques that will be de
scribed below deal with the "last mile" to the end
user, and are therefore meaningful only in a local 
area or at subscriber loop level; others concern 
MANs, WANs and GANs (Global Area Net
works). Furthermore, some of the techniques 
have been designed with one specific objective in 
mind (such as ADSL or Frame Relay) and others 
(such as ATM) are "general purpose" techniques. 
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Speed 
Average Peak 
(Mbps) (Mbps) 

10 34 
250 500 

2 2 

0.064 0.064 
5 10 
2 10 

10 34 
2 2 
2 2 
2 10 
1.5 150 

It is worth noting that, in some cases (a typical 
example is ISDN), the same name may indicate 
a set of techniques, a logic architecture or a set 
ofservices, an approach which does not help non
experts to understand these complex subjects. 

High speed techniques and logics basically 
derive from: 

LAN evolutions (Fast Ethernet, DQDB and 
FOOl are typical examples); 

- the evolution of packet-circuit switching and 
TOM techniques that have moved to ISDN 
(frame and cell relays); 

- the evolution of code and compression 
techniques. 
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Figure 14
High-speed
Communication
Tbchniques

Figure /4 shows the main high speed tech-
niques, indicating both their speed and geo-
graphical extension. On the basis of these last
elements, networks can be distinguished into:

bus and channel nets for the interconnection
of modules within the same system;

local nets (not only the LANs sharing the
same transmission path, but also Private
Automated Branch Exchanges (PABXS) that
no longer deal only with voice);

Metropolitan Area Nets, MANs;

Regional Area Nets, RANs;
r$fide Area Networks, WANs;

intercontinental Global Area Networks,
GANs.

ln Figure 14, the two dominant techniques
are the Asynchronous TransferMode (AIM) for
very high speeds, and narrowband Integrated
Services Digital Networks (ISDN) for relatively
lower speeds.

Code and compression techniques have
played a key role in the evolution of the broad
band, making it possible to reduce the stream of
information to be transmitted and so allow the
use of less powerful media (i. e. not only optical
fibres) for the transmission of large volumes of
information.
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The most meaningful de jure and de facto 
standards are: 

- CCITT H 110, 120 and 130 for the compres
sion and transmission of data at a rate of 
768-2,048 Kbps; 

- CCITT H.261 and H.320 coding techniques 
for TV images from 64 to 1920 Kbps; 

- JPEG (ISO/IEC DIS IOSI8-1): digital cod
ing of photographic images with a compres
sion factor of 20 : 1 or so; 

- the following MPEG specifications for the 
coding of audio-accompanied movie images 
have already been defined or are under 
definition: 

- MPEG-1: for CD-ROM archiving, with 
CO-like quality and at speeds of up to 
1.5 Mbps; 

- M PEG-2: for very high quality coding (the 
level of a high definition TV) at speeds 
ranging from 4 to 20 Mbps; 

- M PEG-4: for the low speed coding of 
TV signals to be used with ISDN or with 
modem. 

In this context, there are two emerging tech
niques oriented towards information integration 
on a couple of twisted pairs: the Asymmetric 
Digital Subscriber Loop (ADSL) for video-on
demand services, and the Integrated Voice and 
Data LAN (IEEE 802.9). 

Mobility and ubiquity 

Wire-less techniques and miniaturization 
allow the global ubiquity and mobility of ter
minal devices (such as palm-tops, PDA and 
"personal communicators") and therefore global 
ubiquity and mobility for their users. 

As indicated in previous EITO reports, wire
less digital techniques will have a big impact 
(particularly in terms of telephony) on a market 
that is still dominated by analog devices. Digital 
techniques such as CT2,DECT,GSM and PCNs 
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represent a significant step forward for data and 
multimedia communications. The miniaturiza
tion of electronic devices, the growing diffusion 
of PCMCIA standards and cost reductions are 
leading to the production and more widespread 
use of extraordinarily powerful hand-held ter
min<il systems. 

In the field of mobile communications, 
satellite systems are also playing an increasingly 
important role: INMERSAT and EUTELSAT 
have initiated the first mobile services for mobile 
telephones and data messaging systems. The 
key technological aspect is the use of Very Small 
Aperture Terminals (VSATs), micro earth 
stations with small diameter antennas of 
0.9-1.8 metres, two-way channel configurations 
(that allow the transmission of both voice and 
data), and low-orbit (LEO) and geostationary 
satellites. Some projects, such as Motorola's 
Iridium, have already been planned to provide 
world-wide global mobile communications. 

Intelligence 

The growth in the "intelligence" of the net
work is provided by the use of microelectronics 
and application software in each individual net
work unit. 

This intelligence allows an enormous in
crease in the flexibility, availability and reliability 
of the networks, and makes global network 
management easier (even in heterogeneous 
environments) and more precise in terms of 
different node platforms and different means of 
transmission. An intelligent network provides a 
large number of services for both the end-users 
and the network administrators: one of its key 
aspects is the fact that it allows for easy and 
dynamic customization and configuration in 
response to changing user needs, a customiza
tion which can also be performed directly by the 
end-user (as in the case of"band on demand"). 
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This is radically changing the role of the end
user from that of a "passive" user to that of an 
"active" client: that is, someone who demands 
(and therefore pays for) only those services s/he 
needs at the time. 

4.2 ISDN, Integrated Services 
Digital Network 

CCITT defines ISDN as a network that pro
vides an "end-to-end" connectivity capable of 
supporting a wide range of voice and non-voice 
services to which the end user can gain access by 
means of a limited set of multifunctional inter
faces and unshielded twisted pair (UTP) physical 
connections. 

1-Series Recommendations define its archi
tectures,services, protocols, interfaces, techniques 
and relationships with other standards, as shown 
in Figure 15. 

Narrowband ISDN 

Narrowband ISDN is currently offered in 
two forms: 

- Basic rate access (BRA), known as 2B+D, 
provides simultaneous access to two 64-Kbps 
circuit-switched B-channels and a single 
16-Kbps D-channel used for the signal1ing 
of both the B-channels and low-speed data 
transmission. 

- Primary rate access (PRA), called 30B+D, pro
vides simultaneous access to thirty 64-Kbps 
circuit-switched B-channels and one 64 Kbps 
packet/signalling channel. The total PRA user 
data rate is 1.92 Mbps, but it is not a single
switched 2 Mbps access: it is a 30 x 64 Kbps 
multiple structure with enhanced signalling. 

Figure 16 shows these accesses to the local 
ISDN mode: BRA uses a single twisted pair 
for a "point-to-point" connection between T 
(Terminal) and NT (Network Termination). 

For the BRA local passive bus and PRA, the 
connection is provided by a couple of twisted 
pairs. 

The access protocol for the D-channel is 
quite complex and is defined by the Link Access 
Protocol- D Channel (LAPD). 

PRA provides 2 Mbps, but through 30 sepa
rate channels routed separately through the net
work . Channel aggregation techniques, such as 
Bonding (Bandwidth On Demand Interoperabil
ity Group), make it possible to aggregate up to 
63 B-channels (4.032 Mbps) to monitor data 
transfer and dynamically adjust the bandwidth 
on demand while the call is taking place. These 
techniques solve the problems of differences 
in propagation delays and re-synchronize the 
channels into a contiguous link. 

The ISDN protocols and interfaces are struc
tured according to the OSI functional layers, 
although separated in relation to information 
communication, signalling and the management. 

In tact, the functional architecture of ISDN 
implementation is made up of three overlapping 
networks (Figure 17): the transport network that 
provides end-user connectivity and services, the 
signalling network that handles the call set 
up/down and its related service and support 
information, and the management network 
that provides all of the management services 
(accounting, security passwords and rights, etc.). 
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Memorandum 
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Service Type Agreed Services 

Bearer Services Circuit mode speech 
Circuit mode 64 K bps 
unrestricted* 
Circuit mode 3.1 KHz audio* 
Circuit mode 2 x 64 K bps 
unrestricted 
Packet mode X.31 case A and 
case B 

Supplementary Advice of charge (AOC) 
Services Calling line identification 

presentation (CLIP)* 
Calling line identification* 
restriction (CLIR) 
Connected line identification 
presentation (COLP) 
Closed user groups (CUG) 
Call waiting (CW) 
Completion of calls to busy 
subscriber 
Conference services 
(add-on, meet me) 
Direct dialing-in (DDI)* 
Diversion services 
Malicious call identification 
(MCI) 
Freephone 
Multiple subscriber number* 
Sub-addressing (SUB) 
Terminal portability* 
Three-party service (3PTY) 
User-to-user signaling 

Teleservices Telephony (3.1 KHz bandwidth) 
Teletex 
Telefax (Group 4) 
Telephony (7KHz bandwidth) 
Audiographic teleconferencing 
Videotex 
Teleaction 
Videotelephony 
Computerized communication 
service 

*=minimum services to be available by 1993 

Key Technology' Trends 

Figure 18 shows a typical ISDN internodal 
scenario. The B-channels are routed on the digi
tal telephone network (IDN, Integrated Digital 
Network); the signalling via the D-channel inter
operates with the CCITTSS7 (Q.931) used by the 
IDN nodes. SS7 is an "out of band" signalling 
method based on Pulse Code Modulation 
(PCM) that uses a PCM 32-channel multiplexing 
logic over one transmission "pipe". 30 channels 
transfer user data, one is for synchronization, and 
one carries the signalling information for all 30 
channels (which is why SS7 is also known as 
"common channel signalling"). The data on the 
B channels pass through the packet switching 
network. 

The European Telecommunications Stand
ards Institute (ETSI) has defined the Euro
ISDN standards and, with its Memorandum of 
Understanding (MoU) for the implementation 
of the Euro-ISDN, has also defined the list of 
agreed services (see Figure 19) signed by 20 
European countries. 

8-/SDN, Broadband ISDN 

The evolution of the narrow band ISDN is 
the Broadband-ISDN (B-ISDN), which uses 
optical fibres and the SOH coding hierarchy. 
The standard for switching and multiplexing is 
the ATM (described in more detail below). The 
signalling standard is still being defined, but it 
will be an evolution of the Q.931 (SS7). 

One of the most important aspects of a 
B-ISDN is the development of a common stan
dardized Broadband User-Network Interface 
(BUNI), which allows a very wide range of 
sophisticated services. The main research studies 
in this area have been carried out in the ambit 
of the European RACE programs: Figure 20 
shows the logic diagram of this interface, whose 
specifications are still being defined. 

• 151 



European Information Tbchnologt Obsematory .EITO 95

r52

Figure 20
Basic Elements
of B-ISDN Model

Figure 2I
ATM Protocol
Reference Model

M",,_,..



Part One.EITO 95 Key Tbchnologt Trends

t} 153

t
Figure 22
ATM: End-to-end
Error Control

SDH, Syndrronous Digital Hierardry

SDH is the CCITT standard based on the
American Synchronous Optical Network
(SONET); it defines the manner in which the
multiplexing of more than one digital flow is
carried out at various speeds on a single trans-
mission medium. Replacing the Plesiochronous
Digital Hierarchy (PDH) used for digital trans-
mission up until now, SDH offers a greater

degree of flexibility, the capacity of inserting
or removing digital flows at various speeds,
compatibility between the equipment produced
by different manufacturers and a higher main-
tenance level.

4.3 ATlt, Asyndrronous Transfer
lf,ode
ATM is the standard multiplexing and switch-

ing technique defined by CCITT for B-ISDN,
and mainly refers to the first two functional

levels of the ISO-OSI model (see Figure 21).\\e
key characteristic of ATM is its "Core & Edge"
logic, that reduces the processing at each node to
a minimum in order to increase transit speed.
ATM enables the allocation ofspeeds (and there-
fore bands on demand), and the channel mix
available on the interface can be dynamically
allocated and changed.

ATM combines the best features of both
packet and circuit switching: from packet switch-
ing, it derives the statistical multiplexing of
various flows/sources on specific physical links,
and thus a variable delay in passing through the
network; from circuit switching, it preserves the
simple and rapid processing of cells, delegating
the role of checking and correcting errors to
the intelligence at each end of the connection
(Fisilre 22).
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Figure 25
ATM Cell Fotmats

Information
Field

(48 oct.)

Information
Field

(48 oct.)

Figure2S details the sublayers and the func-
tions ofthe ATM architecture: note that CCITT
recommendations sometimes confuse the sub-
layer and layer concepts, as defined by the OSI
reference model.

ATM is capable oftransmitting all types ofin-
formation in both a switching orsemi-permanent
manner. In this way, the transport network is
completely independent of the various types of
service it has support. The ATM network pro-
vides two interfaces (see Figure 24): the user-to-
network interface (UNI) and the network-to-
network interface (NNI).

The information is structured in cells with a
fixed speed, size and format. The infonnation
field has a fixed length of48 octects; the 5 octect
header is different in the user-to-net and the
net-to-net interfaces (see Figure 25).

In a connection, the cell is delivered bymeans
of a virtual circuit, predefined in the connection
request phase. The Virtual Circuit Identifier
(VCI) allows the ATM node to route each call to
its destination.The switching mode operates in a
"datagram-likeo manner. The VPI and VCI fields
constitute a "label' that unequivocally identifies
the connection.
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As shown in Figure 26, by means of a "look-up
table", the node determines the new label and
output line for each input line and input cell
label. This simple "routing" can be completely
implemented by fast switching hardware.

The combination ofcells containing different
information on the same physical link is called
ATM multiplex. Cell transfer is asynchronous
due to the fact that its position does not de-
pend on time, as in a synchronous connection.
Figure 27 shows the difference between an
asynchronous and synchronous transfer mode.

In accordance with SDfl, different speeds can
already be managed byATM (1.5,44:7 and 155.5

Mbps); other speeds are currently under study.

4.4 Frame Relay

Frame relay is a "switching" technology that
defines a Frame Relay Interface (FRI) for im-
proving the perfonnance (response times) and
reducing the transmission costs ofLAN toWAN
andLAN to LAN high speed connections.Frame
relay combines the statistical multiplexing and
port sharing of X.25 packet switching with the
high speed and minimal delay ofTime Division
Multiplexine (TDM) circuit switching. But un-
like X.25, frame relay follows "Core & Edge" logic
and completely eliminates allLayer 2 processing,
which includes checking for a valid error-free
frame without requesting retransmission if an
error is found. Protocol functions such as

sequence numbering, windowing, acknowledg-
ments and supervisory frames are not included
within the frame relay, thus making the delay
ten times shorter than that of X.25. Frame relay
requires:

end devices running an intelligent higher-
layer protocol;

virtually error-free. transmission lines ;

applications capable of tolerating a variable
delay.

Source: SMAU

Frame relay is not very suitable for delay-
sensitive traffic such as voice, but it is very
capable of handling bursty LAN-to-LAN and
LAN-to-WAN traffic. Frame relay uses a variable
length framing structure and only operates on a
connection oriented path.

Figure 26
ATM
Switching Node
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Figure 27
Comparison of
Asynchronous and
Synchronous
Transfer Mode

The frame has avariable length and the frame
relay header contains a 10-bit number, the Data
Link Connection Identifier(DLCI),which is the
frame relay virtual circuit number corresponding
to a particular destination. In the case of LAN-
WAN internetworking, the DLCI denotes the
port to which the destination LAN is attached.
The DLCI allows data coming into a frame relay
networknode to be sentacross the networkusing
a simple three-step process:

i. check the integrity of the frame using the
Frame Check Sequence (FCS): if it indicates
an error, discard the frame;

ii. look up the DLCI in a table : ifit is not defined
for this link, discard the frame;

iii. relay the frame towards its destination by
sending it from the port or trunk specified in
the routing table.

Up to now, frame relay virtual circuits have
been permanent virtual connections (PVCs) ad-
ministratively activated by a network operator
via the network management system.

The frame relayinterface (FRI) is generically
described in 1.122 "Framework for additional
packet mode bearer services", which forms part
of a series of lSDN-related specifications and
is based on Link Access Protocol - D channel
(LAPD) characteristics.

An FRI supports access speeds of 56 Kbps,
N x 64 Kbps, and 1.544 Mbps (2.048 Mbps in
Europe). Some vendors are increasing the speed
to 45M bps.
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Figure 28
Example of a Frame
Relay Architecture

Source: SMAU

T1.606 and its 1.233 equivalent describe the
frame relay service; ANSI T1.606 Addendum
(and I.370) describe congestion management.
The frame format for data transfer is based on a
subset of Q.921 (LAP-D); extended with flow
control,this is nowknown as LinkAccess Proce-
dure F-Core (LAP-F Core) and defined as ANSI
T1.618-1991 ; it is also defined as Q.922 AnnexA.

An additional interface function, the Local
Management Interface (LMI), has been defined
as a proposed method of exchanging status in-
formation between a user device (e.9., a router)
and the network; it also defines other optional
features. The principal LMI features were in-
corporated into both ANSI Tl.617 (as Annex D)
and CCITT Q.933 (as Annex A), with some
minor modifications to ensure consistency with
otherANSI and CCITT standards.

Figure 28 shows an example of a frame relay
network: two PC terminals are both connected
to a frame relay network via the routers of their
LANs.

The routers access the ATM WAN via two
node interfaces that control signalling and reas-
sembly (the Convergence Sublayer) and provide
the user-to-network interface (UNI) to the LAN
and the NNI, the network-to-network interface,
to the ATM-based geographical net.
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Figure 29
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4.5. fnAN, Metropolitan Area
Netrrork

The term MAN indicates the set of tech-
nologies for high-speed networks designed to
cover an area of some tens of square kilometers,
allowing the integration of various types of
information.

MAN technologies have been derived from
those associated with the development ofLANs,
and their main purpose is to act as back-bone
structures for LAN, PABX and cable TV network
interconnections at an urban level and in multi-
building contexts.

The MAN techniques include:

Fibre Distributed Data Interfaces (FDDI),
mainly oriented towards data transmission;

FDDI II, which add isochronous capabilities
for voice and image synchronization;

- Dual Queue Dual Bus (DQDB), standardized
as 802.6 and compatible with ISDN, Sonet/
SDH, B-ISDN and D53 standards.

From a protocol point of view, all of these
techniques are concerned with the two lowest
layers of the OSI model. The physical layer
is subdivided into Physical Media Dependent
(PMD) and Physical Protocol (PFIY) sublayers.
In accordance with 802 recommendations, the
structure of the link layer is subdivided into the
traditional Media Access Control (MAC) and
Logical Link Control (LLC) (see Figure 29).
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FDDI, Fibre Distributed Data Interfaces 

The ANSI X3T9.5 FDDI standard is based 
on a token-passing technology that uses two 
counter-rotating dual fibre rings, each of which 
operates at 100 Mbps. 

An FDDI allows up to 2 km ofmultimode or 
50 km of single mode fibre between stations; it 
can support a total distance oflOO km around the 
ring with up to 500 stations (1,000 physical con
nections and a total fibre path of200 kilometers) 

The "primary" ring is used for data trans
mission; the second ring can also transmit data, 
but is normally used as a back-up. 

FDDI defines three types of station: 

- a Dual Attachment Station (DAS) connected 
to both rings (see Figure JOa); 

- a Single Attachment Station (SAS), con
nected to an FDDI DAC wiring concen
trator; an SAS can use UTP or STP media 
(see Figure JOb); 

- a Dual Attachment Concentrator (DAC), that 
interfaces and manages the SAS for inter
connections to the dual ring (see Figure JOe); 
this unit is responsible for identifying prob
lems and isolating any wrong station. 

FDDI availability and reliability is also 
achieved by means of the logic of an optical 
by-pass, which allows the direct transfer of the 
information signal (i.e. light) also through a non 
active node. In the case of a node or link failure, 
the information is passed from one ring to an
other by means of an automatic reconfiguration 
that depends on the type of damage. 

The PMD sublayer governs the mechanical, 
physical and electrical characteristics of the used 
fibre, and defines the transmission parameters, 
which may be the window transmission band
width (1,300 nanometers for second window 
multimode fibers), the optical receiver and trans
mitter, or the by-pass logic. The PHY sublayer 

Key Technology Trends 

defines the 4B/5B NRZI encoding. The MAC 
sub layer specifies the "token-passing" logic and 
the appropriate protocol for media access. The 
FDDI MAC logic is: 

- a station must wait for a token before trans
mitting; 

- each station passes the received frame to its 
downstream neighbour; 

- if the Destination Address matches the 
station address, the frame is copied in the 
station's buffer; 

- the receiving station enters indicator sym
bols in the Frame Status field to indicate 
reception; 

- the transmitting station is responsible for 
removing its own data frames from the ring. 

The LLC sublayer supports an HDLC-based 
link protocol, with 4,500 octets per frame (in
cluding header and trailer). 

FDDI also introduces a "vertical" and "low
level" sublayer called System Management 
(SMT- see Figure 29), which is in charge of physi
cal connection and configuration management. 

FDDI is currently evolving for supporting 
different media (shielded and unshielded 
twisted pairs), for internetworking with SO NET, 
for integrating voice and image by means of 
FDDI II and for addressing very high transmis
sion speeds with FDDI Follow-on LAN (FFOL). 

CDDI, Cooper Data Distributed Interface, 
has been developed for FDDI on twisted pairs. 

A FDDI-SONET Mapping working group 
within the X3T9.5 is mapping the FDDI Physical 
Layer to SONET STS-3. 

FDD/11 

FDDI Ifs goal is to provide voice and data 
integration,and also to allow FDDI subnetworks 
to be connected to a larger variety of backbone 
networks. 
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In order to provide bidirectional voice com
munication, a synchronous transmission capa
bilityhas been added to FDDI.FDDIII supports 
two operation modes: basic and hybrid. In the 
basic mode, the system only supports FDDI; in 
the hybrid mode, both packet-switched and 
isochronous information are transmitted on the 
ring within the same frame structure. Each node 
is equipped with two controllers: an asynchron
ous Packet Medium Access Controller (P-MAC) 
and an Isochronous Medium Access Controller 
(I-MAC). The P-MAC implements the basic 
FDDI standards; the I-MAC supports the voice 
stream. 

FFOL, FDDI Follow-On LAN 

FFOL addresses the question of gigabit
per-second LANs. MAN X3T9.5 has approved 
six FFOL projects to initiate the development 
of these super-high-speed LANs. The design 
criteria ofFFOL include the ability to: 

- provide a backbone for multiple FDDI net
works; 

- support FDDI and FDDI II; 

- provide efficient interconnection with WAN 
technologies such as BISON; 

- support data, voice, video, graphics, high
quality audio and multimedia; 

- handle an initial data rate in the 0.6-to-1.2 
Gbps range, but consistent with SO NET; 

- use physical cabling systems to support FDDI 
with multi-mode and single-mode fibres. 

IEEE 802.6- DQDB Dual Queue Dual Bus 

DQDB is a MAN technology based on uni
directional dual bus wiring which allows full 
duplex communications; it has been used to 
form the IEEE standard 802.6 (see Figure 31). 

Three topologies are available: 

- point-to-point, designed for MAN-to-MAN 
interconnections over distances of several 
hundred kilometers; 

- a multiple access point bus used for distances 
of about 150 metres; 

- open loop bus, similar to the bus topology 
but with the end stations physically adjacent 
as for the loop reconfiguration. 

DQDB has been designed for optical fibre 
and with the aim to interwork with other LANs, 
MANs and WANs. It can support twisted pairs, 
coaxial cable, digital microwave or radio waves, 
but their quality must be high in order to guaran
tee low error rates. The 802.6 standard allows 
different transmission speeds of up to 155 Mbps, 
which partially depend on the topology being 
used. 

DQDB is a "cell" that has an access method 
which allows the cell to be used for both syn
chronous and asynchronous communications. 
The cell operation is different for the two types of 
traffic. Each cell has a fixed length of 53 bytes: 48 
bytes of data and 5 bytes of header information. 
They are similar to ATM cells, but their header 
structure is different. The cells are formatted into 
125 microsecond slots on the bus. The frames are 
formed with one station acting as a generator 
although, if the generating station fails, each 
node is capable of providing its function. 

Synchronous traffic is provided by a con
nection-oriented service that can be used to 
transport isochronous data such as pulse code 
modulated (PCM) voice data. The logic is the 
same as that of the ISDN. Synchronous data is 
transported in specific slots allocated in each 
frame, the rest being kept free for connectionless 
data. The division of the allocation of slots for 
synchronous and connectionless data can be con
trolled from the network management center. 
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Asynchronous traffic is carried and managed 
by an LLC "connectionless" service, with a logic 
that is completely different from that of the other 
LAN protocols and access methods: when a 
node has to transmit, it books this possibility in a 
distributed transmit queue for the whole MAN. 
The asynchronous information is split into 
segments that are inserted into the fixed length 
slots and reassembled at the destination node. 

Each node has a queue state counter, the 
value of which is transferred to a counter asso
ciated with each block of data to be sent. The 
queue state counteris originally derived from the 
bus node sequence, and thereafter from the 
numberoftransmission request bits flying on the 
bus. When new data are ready for bus access, a 
request is sent by the node to inform the other 
nodes to increase their state counter. Each time 
an empty cell goes through a node, the data and 
state counters are decreased. When the counter 

L2 

Fast lOOVG MAC 

FDDI TVDLA!\ Ethernet Any LAN 

802.9 802.12 802.13 
ISO 9314 

Ll 

reaches zero, data may be sent in the next empty 
cell. The management of the distributed waiting 
queue is provided by the counter in each node 
and by two bits in the control field of the cell 
header. 

4.6 High Speed LAN 

Some high speed techniques have also been 
recently introduced into the LAN environment, 
using both fibres and twisted pairs/coaxial 
cables. On the basis of these techniques, some 
products have already appeared on the market 
before even a draft level standard has been 
defined. 

Two solutions are now dominating the stan
dard and manufacturing activities (see Figure 
31): the "Fast Ethernet" based on "traditional" 
Carrier Sense Multiple Access with Collision De
tection (CSMA/CD) and the "100 Vg-AnyLAN" 
based on Demand on Priority (DMP). 
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Fast Ethernet 

Fast Ethernet is a development of the tra
ditional system and maintains the same MAC 
frame structure (which is changed completely in 
the 100 Vg-AnyLAN). 

The change in transmission speed involves 
changes in the frame length or the maximum 
length of the used medium: in Fast Ethernet the 
maximum distance between station and hub is 
about 200 metres (i. e. 1110 of the traditional 
Ethernet) and the only possible topology is the 
star; in 100 Vg-AnyLAN, the maximum distance 
between station and hub is about 1,600 metres 
but, as has already been said, the MAC is changed. 

Both of these techniques are framed and 
standardized according to 802 logic: the first by 
the IEEE 802.13 subcommittee group, the 
second by the IEEE 802.12 (Figure 31). 

Fast Ethernet, sponsored by a group includ
ing 3Com, Intel, Digital, Cabletron, Sony and 
SynOptics, supports the following cabling 
systems: 

100 Base-TX: two couples of shielded (STP) 
or unshielded twisted pairs (UTP); 

- 100 Base-FX: multimodal optical fibre 
62.51125; 

- 100 Base-T4: four couples ofUTPS. 

The architectural structure follows the OSI 
model, with the link layer providing the same 
functionalities and protocols as Logical Link 
Control (LLC) and Medium Access Control 
(MAC) that support the CSMA/CD technique. 
This guarantees technical continuity with the 
traditional 10 Mbps Ethernet. 

As shown in Figure 32, the sub layers of the 
physical layer are different for the three cabling 
options. 

In the 100 Base-TX/FX, the lowest sublayer 
is derived from FDDI logic for both fibre and 
twisted pairs: for twisted pairs it is based on the 
CDDI, Cooper Data Distributed Interface, de
veloped for FDDI on twisted pairs. 

PMD and TP-PMD provide 125 Mbps full 
duplex transmission, which the convergence 
sublayer converts into a 100 Mbps half-duplex. 

For the 100 Base-4T, four couples are used: 
three for data transfer, and the fourth for collision 
detection. 

MDI provides the physical connection to 
these pairs and PLS the coding according to the 
8B6T pattern: an octet is converted into a set of 
three digits that are then delivered on the four 
couples. 

The PMA sublayer manages the transmit/ 
receive functions and identifies any collision. 

Mil provides the interface to the link layer. 

100 Vg-AnyLAN 

This technique was introduced by HP, which 
has now been joined by other manufacturers 
including IBM and AT&T. 

The 100 Vg-AnyLAN is based on a new access 
method that surpasses the probabilistic CSMA/ 
CD approach by adopting a deterministic ap
proach with a "demand priority" that differen
tiates "normal" from "high priority" traffic and 
guarantees maximum transmission delay. An
other important feature is the complete support 
of both the "token ring" and "ethernet" frames, 
which should facilitate interconnection and 
interoperability with these LANs. 

The topology is a star, due to the need for 
"smart" hubs capable of performing demand 
priority procedures. 

The architectural structure is shown in 
Figure 32. 
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The DPAC is provided by the MAC sub layer. 
The station sends a request to transmit to the 
hub, and can send the information only after the 
hub has acknowledged the request. It is possible 
to connect more than one hub in a hierarchical 
chain, and the scheduling procedure is of the 
"round-robin" type. 

The PMI sub layer codes the MAC frames on 
the basis of a scrambling function and a 5B6B 
schema. The octet-based MAC frames are 
segmented into a group of5 bits and sequentially 
distributed on the four physical channels ( quar
tet channeling): each group of 5 bits is mapped 
into a 6-bit group with an equal number of zeroes 
and 1 's. PMI adds preamble, and start and end 
frame delimiters. 

The PMD sublayer performs the NRZ 
coding, link medium operation and link status 
control. 

4 Couples 4 Couples 
UTP UTP 

100 Vg-AnyLAN supports four couples of 
UTPs, two couples of STPs and optical fibres. 

4. 7 IVDLAN, Integrated Voice 
and Data LAN: IEEE 802.9 

IEEE 802.9 defines a standard for an 
IVDLAN (Figure 31). 

The aim is to combine ISDN and LAN inter
faces in order to provide voice and data services 
(also video, in the future). Using the 802.9 inter
face requires a terminal adapter (TA) and an 
access unit (AU). TheTA allows a PC and a tele
phone to be adapted to the interface. The AU 
allows access to the ISDN via an integrated 
services PBX (ISPBX), and to a backbone LAN 
via a bridge. The AU also acts as a concentrator 
tor a number of IVDLAN interfaces, each of 
which is a point-to-point link. 

• 
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IEEE 802.9 follows the model of OSI layer
ing; it defines MAC and Physical Layers that are 
compatible with ISDN and IEEE LAN standards 
(802.3, 802.4 and 802.5). The interface will sup
port both isochronous and asynchronous traffic, 
and therefore the MAC sublayer must support 
several LLC protocols. 

IVDLANs require a couple ofUTP: one for 
the transmit and one for the receive side. Layer 1 
is structured into three sub layers; from the 
bottom (see Figure 33): 

- Physical-layer Medium Dependent (PMD): 
this defines the electrical and mechanical 
characteristics of the interface to the 
medium. 

Physical Signalling (PS): this specifies the 
medium-independent operation of the Phy
sical Layer, which includes frame synchron
ization, scrambling and the bit sequence in 
transmission. 

Multiplexing function (MlJX): this is re
sponsible for combining the LAN and ISDN 
interfaces. 

There is a point-to-point connection between 
each IVDLAN and the AU. The total transfer rate 
over the IVDLAN interface is initially defined at 
4.096 Mbps, full duplex. Each twisted pair carries 
a TDM 64-octet frame repeating every 125 micro
seconds, according to ISDN specifications. 

Six channels are supported over the MUX sub
layer to provide voice and data services; these are 
known as C, P, PD, D, BLand B2 (see Figure 33). 

The C channel provides circuit switched 
facilities for isochronous data transfers that are 
multiples of64 Kbps, ranging from C 1 at 64 Kbps 
to C30 at 1.92 Mbps. C Channels are routed to 
the PBX for local or off-net switching. Circuit 
switched n1cilities can be used for voice, video or 
data. Digitized video traffic is also transferred 
over a circuit switched C channel. Digitized voice 
traffic is transferred between theTAs and the AU 

via a 64 Kbps B channel. The B 1 channel may use 
LAP-B at Layer 2 and X.25 PLP (Packet Layer 
Protocol) at Layer 3. The B2 channel is also used 
to access other networks, for instance a packet 
switching net. 

Like the ISDN D-channel, the IVDLAN D 
channel provides the signaling for call manage
ment. 

The P channel provides a connectionless 
packet service and is routed to and from the 
LANs at the AU. 

4.8 ADSL, Asymmetric Digital 
Subscriber Loop 

The Asymmetric Digital Subscriber Loop 
(ADSL) is the emerging ANSI standard for 
interactive television on "traditional" telephone 
twisted-pair cable. This technique can only be 
used at subscriber loop level; that is, in the "last 
mile" from the central office to the "end-user" 
premises. On two couples of UTP it is possible 
to deliver (see Figure 34) telephone voice, TV 
images and on-line interactive data - all that is 
necessary for video-on-demand and other 
services based on interactive video logic. The 
ADS L technique provides three channels: the 
traditional analog telephone channel, a mono
directional data channel of l.5 to 6 Mbps and a 
bidirectional data channel of 16 Kbps. With 
about 2 Mbps, it is possible to transfer com
pressed TV images at VHS quality level; with 
16 Kbps, it is possible to "interact" with a central 
host. ADSL uses MPEG2 for compression, and 
transmission is based on multicarrier modula
tions with discrete multi-tone (DMT) and 
Quadrature Amplitude Modulation (QAM). 
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IEEE 802.9 IVDLAN 
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4.9 SubLANs and Channels 

Standardization activities now also include 
communication protocols and interfaces be
tween computers and peripheral equipment. 

This has been driven both by the use of 
optical fibres, the growing need for platform 
compatibility and the disappearing differences 
between mainframes, minis and servers (at least 
from a technical point ofview). 

FCS, Fibre Channel Standard 

The ANSI committee X3T9.3 is standardiz
ing a fibre channel, known as Fibre Channel 
Standard (FCS), which supports the physical 
medium levels of Small Computer System Inter
faces (SCSis), Intelligent Peripheral Interfaces 
(IPis) and HPPis. 

Developed in four specifications, FCS de
fines a serial optical system operating from 
266 Mbps up to 1.0625 Gbps. 

FCO defines the physical medium-dependent 
sub layer, such as the fibre and optical parameters 
and the connectors; FC1 the 8BI10B encoding 
schema (similar to the 4B/5B method used in 
FDDI); FC2 the frame structure and the signal
ing protocol; and FC3 the mapping between FC2 
and SCSis, IPis or other systems. 

HPPI, High Performance Parallel Interface 

HPPI defines a high-speed channel standard 
between high-end supercomputers and terminals, 
and between supercomputers and peripherals: 
it is under development in ANSI committee 
X3T9.3. 

HPPI supports a bandwidth of 800 Mbps 
on a single copper cable and 1,600 Mbps on two 
cables. It is a point-to-point link over a shielded 
twisted-pair copper medium, operating up to 
about 25 metres. The speeds in use are either 100 
or 200 Mbytes per second, and it provides for 
both 4- and 8-bit parallel transfer. HPPI performs 
facilities for flow control, error detection via 

parity and longitudinal redundancy bits, and real
time transfer using variably sized frames. The 
link is unidirectional and there is no retrans
mission for error correction. 

ESCON, Enterprise System Connection 

IBM's ESCON is an optical fibre-based 
channel architecture for mainframes and periph
erals that operates at .10 M bytes per second. 
Escon is capable of providing switching facilities 
among peripherals and dynamic reconfigura
tion, without having to take the equipment off
line and move the cables manually. 

Given IBM's leadership in the mainframe 
area, ESCON is a "de-facto" standard. 

5. New Services and Applications 

The merging of computers, consumer elec
tronics, the media and telecommunications has 
led to the development of a "new" information 
arena, which is the heart of the new services and 
applications that will ensure the real functional 
integration of different types ofinformation. The 
widespread use of PCs, the creation of in
creasingly intelligent networks and continuing 
cost reductions have opened the market to a 
large set of very pervasive new applications and 
services for improving not only productivity 
but also the quality of the life. 

The ever more powerful PCs and work
stations, with their new multimedia, CD-ROM, 
speech synthesis and voice-recognition options, 
represent the new"integrated" interface between 
the human being and the system. 

A number of standardization efforts are also 
moving in the same direction, and these new 
"integrated" high-level services are analyzed 
in depth in Part Two "The European Information 
Infrastructure". 

Innovation is continuous and it is impossible 
to analyze all of the new generation of appli
cations and services, although it is worth noting 
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the beginning of a "consumer" area in which 
"home software" and audiotext services are the 
harbingers of a new ICT age. 

It is also worth pointing out that the enor
mous mass of information already available (and 
there will be much more in the future) requires 
the use of an intelligent and selective filter 
both in the office and at home: a "personal 
agent". This is a software application that finds, 
selects and filters data according to criteria de
fined by the end-user or learned by the agent 
itself during previous sessions. 11 acts as an 
intelligent secretary, capable of receiving (and 
selecting) from different networks all of the 
information categories requested by the user 
and of retrieving information from its own data
base. In addition, a personal agent has to be able 
to deliver the selected information to the 
"personal user" wherever he may be. 

The implementation of personal agents 
involves many new and old technologies: from 
superhighways to databases; from PDA to hand
held PCs; from fax to electronic mail; from 
G Uls to hypertext and hypermedia solutions. 
IBM has announced its "Intelligent Communi
cation" strategy and AT&T offers its Personal 
Link services via the Easylink network based on 
the Telescript standard . 

Some Internet tools are also in operation: for 
example, the "World Wide Web" (a Directory 
of all database indexes) and "Gopher", which 
analyzes the key words in the connected data
bases in order to facilitate and automate infor
mation retrieval. 
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The European Information Infrastructure 
and the Convergence of Information Technology, 
Telecommunications and Media 

This paper has been provided by !DC in close 
cooperation with the EITO Task Force. 

1. Towards a Modern Information 
Infrastructure in Europe 

1.1. Industry Evolution 

The Information and Communications In
dustry is entering a major new phase of growth 
and expansion. Whether it is called the informa
tion superhighway, the I-way, the Infobahn, or 
simply our emerging national and global infor
mation infrastructures, the ICT world is poised 
for a major paradigm shift with profound implica
tions for business and society. 

The forces behind this shift have been build
ing for nearly a decade. Computer hardware, 
particularly personal computers, have grown in 
power to encompass the potential for low-cost, 
multimedia applications. Microprocessor tech
nology has moved the center of computing from 
a single computer to a network of intelligent 
peers. Communications software has made the 
connection of previously isolated PCs routine. 

On the telecommunications front, starting 
with the breakup of AT&T in the United States 
and the opening of competition to British 
Telecom in the United Kingdom, a global trend 
towards the privatization of telecommunications 
is leading to a new era of entrepreneurial inno
vation and competition in what had been a slow
moving, monopolistic industry. 

Meanwhile, synergistic changes are happen
ing in industries once far removed from the 
ICT realm, as music, video, publishing and other 
forms of entertainment begin to share a common 
foundation of digital technology. The compact 
audio disc and the CD-ROM are among the most 
visible signs of a future of digital media con
vergence - of true multimedia, available in the 
same digitized form as computer commands. 

Taken together, powerful low cost computers, 
an entrepreneurial communication environ
ment, and the digitalization of the information 
and entertainment industries are leading to the 
most fertile and exciting period in the history 
of the ICT industry. Even after allowing for the 
exaggerations generated by suppliers, press, and 
other interested parties, the changes at work are 
something both simple and grand: the next stage 
in the evolution of the information technology 
and communications industry, one of pervasive, 
societal connectivity. Today, some 30 million 
individuals are connected to the global Internet; 
by the end of this decade, that number should 
swell to more than 200 million. Figure 1 shows 
the number of personal computers connected 
to some kind of computer network. As these 
networks become connected to each other, the 
total number of interconnected PCs increases 
dramatically (see Figure 1). 

It is important to view these changes in the 
context of both the past and future of the infor
mation industry. Figure 2 provides a long term 
view of the major waves ofiCT industry change. 
During each period, ICT growth has accelerated 
and global supplier leadership has shifted. 



Figure 1 
Number of Connected 
Personal Computers, 
1990-2000 

Figure 2 
IT Industry Evolution, 
1970-2030 
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The first stage centered around proprietary 
minicomputers and mainframes, and dominated 
the period from 1964 through 198l.lt focused on 
large institutions, and involved a limited num
ber of information workers- around 10 million 
worldwide. It peaked in the early 1980s and 
has since fallen into a gradual decline. Terminal 
connections, the communications paradigm of 
the first stage, will dwindle to inconsequence 
in the next decade. 

The second great phase ofindustry expansion 
coincided with the arrival oft he IBM -compatible 
personal computer in 1981. This wave centered 
on individuals, now more than 100 million of 
them, whether in the workplace, especially 
white-collar and professional activities, or in 
schools, or, increasingly, in the home. The techno
logical center has been the personal computer or 
workstation, whether standalone or in a local 
area network, but more broadly it has encom
passed the entire open systems revolution, which 
helped shift the economic center of the industry 
from the hardware manufacturer to the software 
purchaser. 

Forthe last 10 years, the business community 
has been working towards integrating the indi
vidual-based personal computer into an overall 
enterprise environment, with the phrase "client/ 
server" computing capturing the spirit of the 
early 1990s. The great majority of this effort has 
been on various types of internal automation 
activities, with downsizing, business process re
engineering, and enterprise messaging systems 
being some of the most popular applications. 

What makes the coming era the third great 
wave of industry expansion is a paradigm shift 
away from primarily internal automation to
wards increasingly external communications. 
The defining priority of the next decade will be 
the establishment of pervasive ICT connectivity 
-telephone-like ubiquity but with all the powers 
of a general-purpose computer. 

In this era, instantaneous computer com
munication will become commonplace between 
businesses, consumers, governments, and 
educational organizations. Each segment will be 
transformed by the ability to easily overcome 
time, distance and volume barriers. It is this spirit 
of mass connectivity, of an increasingly wired 
world, which defines the new era. The supporting 
information infrastructure will encompass a 
wide array of transmission bandwidth, media, 
and network devices, as well as a nearly limitless 
array of emerging applications. 

While its roots reach deep into the history 
of the ICT industry, the visible beginnings of 
this new phase can be placed within the past 
two years. Within the political realm, visionary 
speeches, white papers, and high level task forces 
led by world leaders such as Jacques Delors 
and US Vice PresidentAl Gore have helped spur 
regulatory reform while greatly increasing public 
awareness. In the marketplace, the explosion in 
connections to the Internet and other on-line 
services have become the first major manifesta
tions of this trend towards the universal inter
connection that will reshape the ICT and ulti
mately the societal landscape. 

But despite this strong current momentum, 
the path of progress is still unclear. Evolutionary 
stages are not inevitable, universal phases. They 
are instead intermingled with the past institu
tions, beliefs, theories, and decisions of the so
cieties of which they are a part. Unique national 
cultures will set both the pace and tone for in
formation infrastructure development. There is 
much work to be done. 

Additionally, the information infrastructure 
era is certain to be a truly global one, and nations 
around the world have targeted this area as a 
major development focus. World interest is 
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grounded in two great realities: that the conver-
gence of the computer, communications, and
media industries promises to create the largest
industry in the world by the 21st century, and sec-
ondly, that a competitive national infrastructure
will be the foundation upon which most if not all
other industries are built (see Figure 3). National,
regional, and ultimately global information
infrastructures will emerge as the fundamental
underpinnings of the future world economy.

In terms of building, implementing, and
taking advantage of advanced infrastructure
prototypes such as the Internet,theUnited States
today has a clear lead over most other developed
world economies (see Figure 4). However, this
lead is by no means insurmountable. Business
and political decisions made over the next
few years could significantly alter today's com-
petitive situation.

Europe, despite great potential, has moved
cautiouslyin this area.To close today's gap,many
of the reforms discussed throughout this paper
need to be rapidly and successfully adopted.
The recent decision by EU member states to
liberalize telecommunications infrastructures
throughout most of Europe by January l, 1998

is a positive sign, although many had hoped for
an earlier target date.

Although this paper will focus on scenarios
over the next five years, the longer-term picture
should not be forgotten.ICT industry evolution
will not end with the connectivity phase. After
the global information infrastructure has ma-
tured, there will be a steady migration towards a

true information society. This fourth great phase
will be defined by the arrival of fully converged,
all-digital, multimedia content. During this
period, notions of being connected, orwired, will
be taken as agiven,as commonplace and as trans-
parent as today's telephone connections.
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1.2. Implications for Europe 

Given their role as foundations of the 
modern economy, information infrastructures 
are obviously of great importance to all modern 
nations. Specific examples of the potential bene
fits will be provided in the application section of 
this analysis . But beyond these largely global 
purposes, there are particular reasons why an 
advanced information infrastructure might be 
of extra appeal to Europe. Once established, 
modern information infrastructures could help 
in making progress on some of Europe 's most 
pressing and long standing common problems. 
Potential major benefits include: 

1.2. 1. A More Homogenous 
European Market 

A common European infrastructure could 
help create a more homogenous economic en
vironment for many products and services, creat
ing domestic markets more comparable in size to 
those in the United States and Japan. Lack of 
sufficient economic scale has often led to ineffi
ciencies that hinder competitiveness. Figure 5 
shows the potential size of the various European 
industries affected by the emerging information 
infrastructure. 

In addition, many advanced technology ap
plications inherently transcend national bound
aries. Scientific research, airline reservations and 
flight control, law enforcement, weather fore
casting, environmental protection, and many 
forms of news and entertainment are just a few 
of the examples of applications that should often 

Figure 5 
The European 
Information Busin ess 
Arena. 1993 
Billion ECUs 
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exist on a European scale, assisted by an appro
priate European information infrastructure. 
Development and legal issues such as security, 
copyrights and intellectual property protection 
also tend to cross national borders. 

1.2.2./ncreased Employment 

The early experience in the US is that the 
emerging information infrastructure can be an 
important net job creator. The 30,000 jobs 
created by the GSM cellular phone success in 
Germany alone and the estimated 350,000 jobs 
created by the Minitel system in France suggest 
that this will also prove true for Europe as well. 
This is important since the privatization and 
deregulation of previously monopolistic busi
nesses will inevitably lead to job reductions 
within certain sectors. 

Unemployment is influenced by productiv
ity. European business efficiency is hampered by 
the current telecommunications environment, 
still burdened by high prices, often unresponsive 
service, overstaffing and other excessive costs 
that are rooted in the monopolistic PTT tradi
tion. An advanced information infrastructure 
based on open competition could improve pro
ductivity by lowering telecommunications costs, 
improving the speed and accuracy ofinformation 
exchange, and increasing the awareness and 
viability of new business and consumer services. 

Employment can also be hindered by a lack 
of flexibility in the labour force. Some of this 
rigidity reflects uncertainties and anxieties 
resulting from rapid and accelerating change. 
Quicker, wider dissemination of information 
about job openings can help displaced or entry
level workers to find new jobs while creating a 
more positive view of these inevitable societal 
shifts. 

The European Information Infrastructure 

In the United States, the Internet has proven 
to be a rapid, low-cost, and effective means to 
disseminate information about nationwide job 
openings. It has reduced the impact of the 
shrinking US defense industry upon scientists, 
engineers, and technicians. Similar on-line job 
markets have begun in Europe, but a more 
advanced, more comprehensive, Europe-wide 
information infrastructure could greatly expand 
their reach and utilization. 

1.2.3. Improved Global Competitiveness 

An advanced information infrastructure is 
critical to the productivity gains needed to re
store Europe's global competitiveness. With its 
early commitment to ISDN, Europe has the 
potential to leverage a strong technological foun
dation to substantially boost worker produc
tivity. Should Europe fail to take advantage of 
this opportunity, its current competitiveness 
problems will almost certainly be compounded. 
Europe's competitors, particularly in the US, are 
certainly not standing still. 

1.2.4. More Efficient Social Services 

More efficient delivery of government serv
ices, particularly in health care, could help keep 
tax levels and social costs down. For example, 
medical consultation over a network could 
lower overall costs such as the need for expensive 
diagnostic technology in smaller clinics and 
remote hospitals. 

1.2.5. Enhanced Cultural Diversity 

Europe's great variety of heritage, culture, 
and language could take advantage of an infor
mation infrastructure that easily crossed national 
borders. In particular, the creation of geographi
cally-independent, virtual communities can 
significantly broaden Pan-European cultural 
links. Over time, this could encourage worker 
and family mobility, spurring productivity while 
increasing social cohesion. 
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1.2.6. Setting Realistic Expectations 

It would be both unrealistic and unfair to 
expect that the services associated with an im
proved information infrastructure could, by 
themselves, solve problems that often have deep 
historical and economic roots. The long-term 
benefits could, however, be substantial, and 
there are few other avenues offering equivalent 
opportunities for economic and social progress. 

1.3. Characteristics of an Advanced 
Information Infrastructure 

An advanced information infrastructure is 
not a one time project such as building a darn. 
A strong usable information infrastructure exists 
today, and will continue to grow and evolve over 
time. However, certain features and attributes 
will likely prove permanent. Some of the key 
aspects of a modern information infrastructure 
are discussed below: 

1.3.1. Connection of Intelligent Devices 

Connectivity, linking a whole society, is 
fundamental. Connectivity alone is, however, 
not enough. After all, throughout Europe, the 
telephone network already connects businesses 
and government offices; in many countries it 
also reaches nearly every horne. Telephones are 
greatly limited, however, in the variety, speed, 
and volume at which data can be transmitted. 
They are constrained by the limitations of or
dinary telephone receiver/transmitters. It is 
the use of intelligent, computer-based devices 
capable of handling text, data, and ideally voice 
and video that defines the new connectivity era. 
It is the interaction oftens and even hundreds of 
millions of such devices that offers such potential 
and unpredictability. 

1.3.2. Pervasiveness 

A modern information infrastructure should 
be genuinely pervasive, eventually as universal 
as today's telephone service. The long-term 
benefits would be reduced sharply if significant 
elements of society -most likely the poor, the old, 
linguistic or ethnic minorities, and the geo
graphically isolated - are unable to take part. 
However, different categories of participants will 
be likely to require, receive, and pay for different 
levels of service over circuits of varying capacity. 
They will also take advantage ofthe new opportu
nities at different speeds. Near universal service 
will be an important but long-term achievement, 
requiring at least a decade, possibly more. 

1.3.3. Versatility 

Like the personal computer, information 
infrastructures should be general purpose in 
nature. There is no fixed set of desired applica
tions. With personal computers or similar equip
ment, ordinary telephone lines can be trans
formed into the precursors of an up-to-date 
information infrastructure- even ifthe data must 
pass over old-fashioned analog transmission 
lines. Digitized circuitry is, however, clearly 
faster and more efficient. ISDN - a standard 
designed specifically for the requirements of a 
modern information infrastructure - increases 
efficiency further and adds a wide spectrum of 
important new possibilities. 

1.3.4. Access 

Access to a wide variety of information and 
databases is facilitated greatly by an up-to-date 
information infrastructure. Important sources of 
on-line data include: governments of all levels, 
libraries, educational institutions, medical 
centers, newspapers and magazines, and a wide 
range of private corporations. In terms of speed, 
volume, accuracy, cost, and searchability, elec
tronic systems often have substantial advantages 
over paper-based sources. 
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1.3.5. Familiarity 

Although the current model for an informa
tion infrastructure is relatively new, many of the 
functions that it would provide are already fa
miliar to many millions of Europeans. The con
sumer using a debit card to buy shoes, executives 
avoiding travel through videoconferencing, 
French people obtaining numerous services over 
the Minitel, or an exporter confirming a sales 
price by fax to a wholesaler in another country 
are all making use of the existing information 
infrastructure. 

For many Europeans, especially in science 
and education, the Internet has become equally 
familiar. It enables the almost immediate trans
mission of e-mail, documents, research results, 
and other forms of data all around the world at 
very low cost. Despite its global reach, the Inter
net remains a uniquely decentralized pheno
menon, dependent upon local businesses, insti
tutions, computers, and other facilities. 

1.3.6. Spontaneity 

Many services - especially on the Internet -
developed spontaneously to meet specific needs. 
Unforeseen functions and uses appeared after 
the basic physical facilities were put in place. In 
many cases, these uses arose without govern
ment regulation, subsidy, or knowledge, often 
with the grudging acceptance oftelecom mono
polies. As new services emerge, · demand has 
typically grown very rapidly. The lesson is clear: 
future application requirements are not fully pre
dictable, and therefore a modern infrastructure 
must be capable of responding efficiently and 
organically to emerging demands. 

The European Information Infrastructure 

1.4. Key Infrastructure Components 

In order to bring about the ideal environment 
described above, a synergistic mix of underlying 
capacity, critical mass of capable access devices, 
service and program content, competitive en
vironment and user creativity is required. Each 
is described as follows: 

1.4. 1. Underlying Capacity 

The first objective of a modern technological 
foundation is to support pervasive connectivity 
throughout the society. This requires ubiquity. 
Providing a growing range of improved services 
to subscribers at steadily decreasing prices is an 
important second objective. Progress towards 
these two objectives will in turn stimulate in
creases in demand, justifying investment in 
additional infrastructure. However, throughout 
this evolution, the foundation infrastructure 
will be likely to consist of a hierarchy of under
lying capacities. 

- Ahigh-capacity(high-bandwidth, in telecom
munications terms) backbone network, with 
branches of substantial bandwidth to regions, 
major cities, industrial centers, large business 
concentrations, universities, medical centers, 
and other institutions with high demand for 
network services. 

- Connections of more modest but still sub
stantial bandwidth to corporate local area 
networks, smaller businesses, schools, local 
libraries, local government offices, clinics, 
and similar secondary institutions. 

- Adequate access to households, eventually 
reaching as widely as ordinary telephone 
service. 

The meaning of the terms high-bandwidth, 
substantial, and adequate will evolve over time. 
Actual implementation in terms of transfer rates 
and other technical criteria will change as appli
cations evolve, investment in infrastructure in-
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creases, newer data-transport media, especially 
optical fibre cables, are installed more widely, 
and new switching technology based on digitiz
ation permits operation at higher speeds. 

This sliding scale for bandwidth reinforces 
the view that the infrastructure already installed 
throughout the EU is capable of meeting the 
basic requirements of many of the functions 
associated with a modern information infra
structure. Progressive infrastructure improve
ments that deliver higher bandwidth to various 
portions of the network will support more ambi
tious applications and offer greater efficiency in 
meeting basic requirements . These issues will be 
discussed in more detail in both the applications 
and technology sections. 

1.4.2. Means of Access 

The personal computer will be the primary 
means of access for at least the next few years. 
Existing PCs, workstations and other computers 
(some of them specialized, as in financial serv
ices) suitable for networking are already the main 
means of access for businesses, universities, 
governments, and many consumers. Today, most 
users require access devices with flexibility, 
versatility, and hardware and software upgrade
ability. These features are currently uniquely 
characteristic of general purpose computers. 

New categories of users such as small 
businesses, schools, and non-computer literate 
consumers will likely require similar options. 
However, significantly improved ease of use and 
lower costs are still required for PCs to be readily 
accepted by many potential new users. 

Economies of scale also argue for the use of 
ordinary PCs for most business access. However, 
specialized equipment may be more cost-effec
tive for certain consumer applications such as 

video-on-demand and multimedia entertain
ment, hence the interest in so-called cable TV set 
top boxes. As will be discussed later, this con
sumer segment is perhaps the most controversial 
and least predictable part of the information 
infrastructure evolution, but even its most opti
mistic proponents would not expect widespread 
societal use until early into the next century. 

Thus, stated simply, the early stages of perva
sive connectivity will require pervasive use of 
personal computers.Justas telephones per capita 
has traditionally been one means of measuring 
national infrastructure development, personal 
computers per capita is now an important metric 
of information infrastructure progress. In this 
area, Europe trails behind the United States, 
often substantially. 

1.4.3. Competitive Environment 

The objectives of pervasive connectivity, con
tinuous improvements in services, and steady 
reductions in price can only be met if there is 
open competition - in telecommunications 
equipment, means of access, and the provision 
of services. The prospects of profit will attract 
private investment that might be deterred by a 
closed environment. Accelerated demono
polization and privatization of predominately 
government-owned telecommunications orga
nizations, still the rule in Europe and in most of 
the rest of the world, is a crucial prerequisite. 

Managing this transition from a regulated/ 
monopolistic world to a more open marketplace 
is proving a great challenge to governments and 
industry all around the world. Currently, no 
country has even come close to fully resolving 
these critical issues. However, the United States 
has been developing a competitive environment 
since the early 1980s, while much of Europe is 
only now taking serious steps toward reform. It is 
in this area above all that most of Europe has 
fallen behind. 
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In addition, to opening up the market for tele
communications services, other key aspects of 
competitive reform include: 

- Lowering costs. European telecommunica
tions tariffs are among the world's highest. 

- Removing procedures for protecting national 
markets while eliminating preferences for 
national producers of telecommunications 
equipment and services. 

- Establishing true European standards with
out the national variations that impede 
Europe-wide or international interoperability. 

In addition to the above, regulatory agencies 
should over time focus their attention on issues 
of public concern such as security, privacy, 
protection of intellectual property, decency, and 
assurance of service to institutions and cate
gories of the population that otherwise might 
be neglected or under-served. These are all 
important dimensions of a robust and socially 
beneficial information infrastructure. 

1.4.4. Service Products 
and Program Content 

An adequate physical infrastructure and a 
stimulative regulatory environment are, in them
selves, insufficient to assure an information 
infrastructure that brings substantial, increasing 
economic benefits and adequate responses to 
social objectives. 

Innovative service products and program 
content that attract subscribers and provide 
practical, and flexible solutions for applications 
such as lifelong learning, telemedicine, and a 
wide range of business uses are an equally es
sential feature of a fully effective information 
infrastructure with positive cost/benefits. 

The European Information Infrastructure 

It is in this sense that the national dynamism 
oflocal publishing, entertainment, computer and 
consumer industries will also drive the pace of 
information infrastructure evolution. Whether 
the creators of these new applications will come 
from existing companies or be driven by the 
creation of new businesses will no doubt vary 
from country to country. But regardless of this, 
the potential for taking advantage of the new 
infrastructure will be grounded in the talents and 
ambitions of society itself. 

1.4.5. A Dynamic User Community 

Even an innovative supplier base is not suffi
cient. In the end, as with any other public utility, 
the real value of an information infrastructure 
depends upon the ingenuity and realism applied 
by the actual users. Unimaginative and com
placent businesses, sluggish bureaucracies, and 
tradition-bound teachers that do not respond 
to the opportunities of modern information re
sources would sharply reduce the value of infra
structure investments. 

1.5. A European Perspective 

European opinion about the model for an 
advanced information infrastructure remained 
diffuse for some time, despite periodic national 
and European experiments and programs (like 
the RACE project begun in 1987). Focus was 
renewed with the publication in December 1993 
of a White Paper prepared by the Commission 
of the European Community (now European 
Union). It focused upon telecommunications as 
well as other fields that could advance common 
EU objectives and stimulate employment. 

The White Paper noted that the lack of trans
European networks is a major inhibitor of the 
development of the European economy, in which 
the telecommunications market could reach 6% 
oftotal GDPbythe end ofthe century. Proposed 
investment in three main areas - applications, 
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services and network infrastructure -would be 
funded primarily by private industry plus a Euro
pean Fund that would obtain about 8 billion 
ECUs per year from the capital market, drawing 
largely upon governmental and private sources 
that have a direct involvement in the information 
infrastructure. 

These recommendations were followed by 
a report, issued on May 26, 1994, by a group of 
industry representatives chaired by Martin 
Bangemann, the EU's Commissioner for Indus
try and Telecommunications. The Bangemann 
report, which will be discussed in more detail 
later in this paper, made observations and recom
mendations that parallel closely the outline of 
an ideal information infrastructure in the intro
duction of this section. 

The EU prime ministers, meeting in Corfu, 
June 24 and 25, 1994,gave a general endorsement 
to the Bangemann report, reiterated that the 
private sector should take the lead, supported the 
implementation of well-conceived pilot projects, 
and called on member states to select minis
terial-level staff to facilitate coordination. 

The European Commission adopted these 
recommendations on July 19 and published an 
action plan based upon the Bangemann recom
mendations. This report assesses actions and 
proposals that have already been undertaken or 
are currently under consideration. It also an
nounced a new series of recommendations 
across four broad subject areas: regulatory and 
legal frameworks; network infrastucture, basic 
services, applications and content; social, 
societal and cultural aspects; and promotional 
activities. 

All of these efforts are being coordinated 
globally and with industry. In September, at the 
International Information Industry Congress in 
Tokyo, the three largest information industry 
trade organizations representing Europe, Japan, 
and the United States met and agreed to work on 
transnational issues of importance in developing 
a truly global information infrastructure. Six task 
forces were formed focusing on: global inter
operability; privacy and data security; intellec
tual property protection; universal access to in
formation networks; access to R & D projects 
and applications; and access to markets. EURO
BIT chairs the privacy and R & D task forces. 

The findings of these and other initiatives 
are being prepared in advance of the G7 meeting 
in February of 1995 in Brussels focusing on the 
desired development of a global information 
infrastructure. 

2. Applications 

The applications available for use on an infor
mation infrastructure are as diverse and complex 
as society itself. More than any other aspect, 
applications have a direct effect on its popularity 
and use. They consequently shape its develop
ment and influence the willingness of private 
firms to make investments. Applications also 
vary greatly in their demands upon network 
bandwidth, thus driving technical requirements. 

As in the past, especially on the Internet, un
foreseen new applications will almost certainly 
emerge and prosper. It is nevertheless useful 
to identify basic applications that are likely to en
dure, even though the solutions used to carry out 
these applications may change substantially 
by the start of the next century. Table 1 shows 
some of the specific applications targeted in the 
Bangemann report. This paper provides a general 
framework for understanding the overall applica
tions of the emerging information infrastructure. 



Table 1 
Recommended Pilot 
Projects from the 
Bangemann Report 
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- Distance learning 
- Teleworking 

- A network for universities 

- Use of telematics by small and medium 
enterprises 

- The use of technology in road information 
systems 

- The use of telematics in the air travel industry 

- The use of networks for health care 

- Communications between governments 
and business 

- A European government information network 

- Urban information networks for40,000 by 1997 

Source: Bangemann Report 

2.1. Historical Background 

In general, there are four major users of 
the emerging information infrastructure - busi
nesses, consumers, governments, and educa
tional institution. Although today much of the 
media attention is focused on the potentially 
huge business and consumer markets, the role of 
government and educational organizations in 
building the information infrastructure has been 
critical, and the application requirements of all 
four groups will continue to drive information 
infrastructure development and investment. 

Looking back, much has happened almost by 
accident. In the late 1960s, the US Department of 
Defense was looking for ways to tie together its 
diverse computer installations; it had a particular 
requirement for a system that could withstand 
the disruptions of a major military conflict. 
Towards that end they developed the so-called 
ARPANET network and related protocols. 

Since the Department of Defense had many 
important links to the University-based scientific 
community, during the 1970s and 1980s the 
ARPANET technology was widely adopted by 
universities and research groups around the 

The European Information Infrastructure 

world. Over time, these universities began to use 
the technology to communicate with each other 
for non-military purposes, thereby forming the 
original Internet. 

Similarly, the currently popular Mosaic soft
ware was originally developed by the University 
oflllinois in the United States whose researchers 
wanted a tool to better search through scientific 
documents. The Mosaic software was then wide
ly adapted and refined by the US National Aero
nautics and Space Administration (NASA). The 
European scientific community has also made 
major contributions, particularly the World Wide 
Web software developed by the physicists at 
CERN. Again CERN's intent was to facilitate its 
own work, with little thought for its vast potential 
commercial application. 

2.2. Application Segmentation 

In this paper, information infrastructure 
applications are dealt with in two ways, both 
of which are portrayed in Figure 6. The figure 
provides a representative but by no means ex
haustive list of typical applications. Figure 6 
also breaks these applications into four broad 
application categories - messaging and infor
mation access, transaction processing, video, and 
transformative applications. These four types 
of activity either alone or in combination can 
describe most of what takes place in nearly all 
applications today. 

These four categories provide a framework 
for classifying specific activities. But perhaps 
more importantly, since each category tends to 
have its own set of technological requirements, 
the classification scheme can be used to help de
fine the eventual characteristics of the necessary 
infrastructure. Each of the four types of applica
tions is described in the following sections: 
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Business 

E-mail 

File transfer 
Messaging & 
Information 

Access Information access 

Training & education 

Sales & marketing 
Transactional 

Online markets 

Video Video conferencing 

Transformative 

2.2. 1. Messaging and Information Access 

These applications account for the majority of 
to day's traffic worldwide over the Internet. Elec
tronic mail is the most common use, but anum
ber of protocols and tools have been developed, 
intended to facilitate functions like searching 
databases, transferring files, and downloading 
documents. Many private networks operated by 
businesses, government, and other institutions 
also provide messaging and related services. 

In this area, the Bangemann group recom
mended "urgent and coherent action at both 
European and Member State levels to promote 
the provision and widespread use of standard, 
trans-European basic services, including elec
tronic mail, file transfer, and video services". 
The group commented that "two basic elements 
are needed for such services: unambiguous 
standards and critical mass ... a new service 

Consumer Government Time 

E-mail E-mail 

Bulletin boards Interagency 
communication 

Info access Info distribution 

Distance learning Procurement 
information 

Home shopping Tax filing 

Home voting Benefits transfer 

Video-on-demand Video services 

cannot really take off until a certain number of 
customers has subscribed ... once this critical 
mass has been achieved, growth rates can in
crease dramatically, as in the case of Internet". 

The Bangemann committee placed special 
emphasis upon "telematic services for SMEs" 
(small and medium enterprises). It proposed to 
"promote the widest possible use of telematic 
services (e-mail, file transfer, video conferenc
ing, distance learning, etc.) by European SMEs, 
with links to public authorities, trade associa
tions, customers and suppliers". 

As a result, the group's report said, "SMEs 
will be able to compete on a more equal basis 
with larger companies, and captive contractor
supplier relationships will be weakened. (SME's) 
will be more competitive, will grow faster, and 
create more jobs". Table 2 shows that large 
businesses currently make much more use of 
electronic mail than smaller establishments. 

Figure 6 
Key Applications, 
Categories 



Table 2 
Electronic Mail Use 
in Small and Large 
Establishments, 
Selected European 
Countries and the US* 
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Large Small 
Country establishments establishments 

%with %with 
electronic mail electronic mail 

Sweden 63 29 
,. 

us 48 28 
. 

France 33 23 

. Benelux 42 19 
. 

UK . 49 16 
. . 

Italy 25 10 

Germany 32 I' 
7 

*Based on IDC survey of5,000 small establishments. Small 
establishments defined as having less than 100 employees, 
large establisbments over 100 employees. 

In many places, local and national govern
ments have begun to offer on-line access to ar
chives, public records, reports of commissions, 
and other documents. This remains a relatively 
new but growing trend, and a good deal of experi
ence has been accumulated already. 

For example, in the Netherlands, a cultural 
organization and an informal group of computer 
specialists established in January 1994 a pilot 
project named the "Digital City". Its launch co
incided with elections to the Amsterdam City 
Council. It was an interactive bulletin board, with 
a menu that included the city hall, arts and 
culture, the post office, and business activities. 
During the first weeks, ten thousand people 
signed up, at no charge, as "citizens". Just about 
all modems in Amsterdam were snapped up 
by eager participants. The computer host and 
access improvised by the organizers were over
whelmed, causing much disappointment but 
indicating the intensity of demand - perhaps in 
part because the service was free. 

The European Information Infrastructure 

Where sufficient information has been 
placed on-line and governments have publicized 
these services adequately, public access can re
duce the number of routine queries and make it 
easier to carry out the administration of services 
like social welfare. At the same time, on-line 
access has often increased the intensity of inter
action between citizens and government- chang
ing it qualitatively as a better-informed dialogue 
begins. Where the program has been carried out 
half-heartedly or with inadequate preparation 
and publicity, however, the response has often 
been weak or negative. 

As information access expands, the Internet 
has begun to encounter the consequences of its 
own success. The volume of information avail
able on the Internet is vast, drawn from almost an 
infinity of sources, and arranged or identified 
according to a confusing variety of categories. 

Recently, attention has focused upon means 
to facilitate access and navigate through the 
extraordinary abundance of the Internet, like a 
shopper squeezing through a crowded, un
familiarmarket. The most popular solutions, like 
Mosaic, are based upon the World Wide Web, 
developed initially at CERN. 

Mosaic provides a more friendly visual en
vironment that is more easily manipulated by 
users familiar with graphical personal computer 
environments. Similarly the World Wide Web 
makes extensive use of so-called Hypertext 
capabilities to more easily find and move be
tween related sources of information. 

Both Mosaic and the Web are major steps 
forward in increasing the accessibility of infor
mation. However, they are far from the complete 
solution. Over the next few years, Mosaic and its 
successors will create the need for so-called 
"Agent" technology, smart, trainable, software 
adept at finding particular information for par
ticular individuals or tasks. 
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From a technological point of view, messag
ing and related functions that can be expressed 
in the letters, numbers, and symbols under
standable to computers can be transmitted satis
factorily over conventional telephone lines. New 
solutions like World Wide Web and Mosaic make 
extensive use of graphics that, for satisfactory 
transmission, require higher transmission rates 
and special connection standards. Compression 
and other shortcuts make it possible to accom
modate these new navigational tools within 
conventional telephone technology, but it is a 
tight fit. 

2.2.2. Transaction Processing 

Transaction processing is the staple of many 
businesses. Examples include: 

- consumer banking systems, such as debit 
cards and verification of credit card balances; 

- airline, rail, hotel, and rental car reservations; 

- trading systems such as stock exchanges and 
commodities markets; 

- transfers of data within businesses (retail 
chains, for example) about sales, inventory, 
and orders (if this data is analyzed intensive
ly, considerable computer power is needed); 

- on-line ordering of products and services; 
the concept of on-line markets promises new 
levels of competition and consumer aware
ness; the ability to rapidly check prices and 
source from multiple providers could close 
much of the information gap that often limits 
real world competition; 

- on-line voting has the potential to greatly in
crease citizen participation; a recent survey 
of US consumers, most of them computer 
users, asked them to rank the services they 
would seek for an improved information 
infrastructure; on-line voting ranked first; 

- electronic tendering, one of the ten appli
cations recommended for special initial em
phasis by the Bangemann group, would intro
duce "electronic procedures for public pro
curement between public administrations 
and suppliers in Europe, followed by the 
creation of a European Electronic Tendering 
Network". The group foresaw benefits for 
public administrations in "cost savings in 
replacing paper handling with electronic 
handling and from the more competitive en
vironment between suppliers drawn from the 
wider internal market. Small and medium 
sized enterprises will benefit from participat
ing in trans-European public procurement 
and from the diffusion oftelematic services". 

All of these transaction processing functions 
are carried out over a mixture of public and 
private circuits, usually outside the Internet -
although related functions are also appearing 
on the Internet as well. Especially in financial 
services, special terminals are often rented or 
provided to subscribers, but PC-based services 
are growing rapidly. 

In either case, transaction processing has 
traditionally been carried out within the limita
tions of conventional telecom facilities, although 
many large businesses already use satellites and/ 
or high-bandwidth terrestrial circuits (usually 
leased) for their own networks. Typically, a busi
ness document like a purchase order or invoice 
starts out on paper. The data are transmitted and 
then stored in digital form, but the data may later 
be reconstituted on paper. Here again, new devel
opments nudge the limits of conventional tech
nology. Some financial institutions have found it 
more efficient to digitize the entire document -
text, signatures, etc. - and store or transmit it in 
that form. 
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Compared to the messaging applications 
described previously, transaction processing has 
higherrequirements for response times, security, 
reliability, and auditability. A reservation system 
must be able to change or confirm transactions 
instantaneously, and clearly all monetary trans
actions need to have special security and data 
integrity arrangements. 

These are features not historically associated 
with the Internet or other public on-line services 
and yet they are vital ifthe potential of a national 
information infrastructure is to be realized. 
Major banks and insurance companies have in
vested heavily in building secure transaction sys
tems. They are understandably reluctant about 
exposing these systems to the relatively open 
world of the Internet or other on-line services. 

However, new businesses, particularly in the 
US, are proving much less reluctant, and the 
buying and selling of products over the Internet 
is expanding rapidly. This is increasing greatly the 
demand for technologies such as password pro
tection, data encryption, and digital signatures. 
Refinement and implementation of these tech
nologies will take time, and that is why the trans
action processing area will proceed more slowly 
than the messaging class of applications. On the 
other hand, the room for both business and tech
nical innovation in this area is high, and it will 
almost certainly be a major area of industry activ
ity. The vendor association CommerceN et was 
founded specifically to facilitate these changes. 

2.2.3. Video 

There are three main classes of video appli
cations: video conferencing, video-on-demand, 
and interactive video. All three require more 
bandwidth than is currently available to many 
consumers, although it is often available to busi
ness. Of all the application areas, it is video that is 
the least predictable, most controversial, and if it 
is to be realized will require the most additional 
investment. It is also the area that is least likely to 
take advantage of personal computer technology. 

The European Information Infrastructure 

i. Videoconferencing 

Videoconferencing technology has now 
reached levels of reliability, image/sound qual
ity, and low cost that permit wide use. Experi
ments began early in Europe, especially in 
Germany, where videoconferencing was a 
primary objective for pioneer high-bandwidth 
circuits installed around 1990. 

So far, videoconferencing has been applied 
primarily in the business world. Adoption has 
been slower than many expected, but has been 
spurred by the worldwide tendency toward 
flatter organizations and the need to watch 
budgets carefully- including travel costs. It will 
be several more years at least before the devices 
transmission speed, and related costs improve t~ 
the level necessary to reach consumer markets. 
Even with the technology in place, there are 
doubts about the appeal of this service to the 
typical home telephone service customer who 
may have serious privacy concerns. 

If videoconferencing is restricted to face-to
face images, blackboard presentations, and con
ventional static slides on both ends of the circuit 
and if a relatively small, jumpy image is accept~ 
able, a relatively low transfer rate is sufficient. 
Higher transmission capacity is needed if the 
conference involves moving pictures or real
time action (for example, looking at a piece of 
machinery in operation). 

ii. Video-on-demand 

In recent years, video-on-demand has often 
been presented as the signature application of 
modern information infrastructures, often ob
scuring other valuable applications. This has 
been especially true in the Unites States where 
both telephone companies and cable TV pro
viders have used the requirements ofvideo-on
demand as part of their push for more rapid 
regulatory reform. 
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In terms of technology and requirements for 
infrastructure, this application is the least mature 
and among the most demanding. Many large 
telecommunications, computer hardware, and 
packaged-entertainment companies see it as a 
potential major new sources of revenue. In the 
United States, this has created a swirl of alliances 
and mergers among various categories of com
panies aspiring to multimedia leadership. In 
Europe, where cable TV is much less pervasive, 
there has been much less publicity and activity. 

As will be examined in more detail in the 
technology section, these video-related applica
tions require high circuit capacity. Because they 
often make economic sense only if they reach 
mass markets, high circuit capacities capable of 
meeting the demands of moving pictures must 
be widely available. Video-on-demand would 
also require high speed computers to feed the 
video stream across the network. Computer 
systems vendors hope this new application will 
help stimulate growth in today's sluggish mid
range and large system hardware markets. 

The strong US publicity often seems to pre
sume that all this will come about very soon. 
In fact, even in the United States, mass market 
implementation on a large scale will not begin for 
at least several years. Although there are more 
than 30 trials of various video services within the 
US, many have experienced significant technical 
delays and other challenges. Widespread avail
ability may not come about until after the end 
of the century. 

Technical challenges aside, the consumer 
appeal of these new applications is far from 
settled, even in large, relatively unified markets 
like North America, Japan, and the emerging 
Chinese-speaking markets of Asia. The outlook 
is even more uncertain in Europe, fragmented by 
linguistic differences and by complex concerns 
over cultural preservation. 

However, the worldwide business use of 
video-on-demand over existing and upcoming 
high-speed LAN and WAN connections will not 
require major infrastructure changes and there
fore can take place more naturally and predict
ably. Potential business uses include: executive 
presentations, training demonstrations and 
procedures, and advertising and promotional 
materials. 

Despite the many obstacles, consumer video
on-demand applications are likely to appear in 
Europe. This is especially so in the United 
Kingdom, where field trials are already taking 
place, and in densely-populated markets that al
ready have relatively advanced infrastructures. 
Current European consumer interest in video
on-demand is shown in Figure 7. 

iii. Interactive video 

Interactive video is likely to prove the most 
demanding of all applications. Most video-on
demand plans envisage a high-bandwidth 
channel to the home, with a relatively low band
width channel from the consumer. Truly inter
active video, however, will require high two-way 
bandwidth. In addition to entertainment applica
tions, interactive video will be especially impor
tant for home shopping and related sales and 
marketing projects. The idea is to allow a con
. sumerto literally walk through a virtual shopping 
mall, home, museum or other location. 

The Bangemann report approaches this 
concept with definite but cautious interest. It dis
cusses it in the context of "City Information 
Highways". The report advocates establishing 
"networks providing households with a network 
access system and the means of using on-line 
multimedia and entertainment services on a 
local, regional and national and international 
basis". 



Figure 7 
Interest in Receiving 
Video-on-demand 
Programs at Home* 

*Survey of 2,100 
European Households 
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For implementation, the report looks to 
private companies, including groups of content 
providers and providers of telecommunications 
services, with the cooperation of local govern
ments and civic groups. The immediate purpose 
is for consumers, public authorities, and private 
sector participants to gain experience, including 
the testing of public demand and interface tech
nology. The proposed target is to "install and 
operate in up to five European cities with up to 
40,000 households per city by 1997". 

Smaller but nevertheless substantial field 
tests are to begin at several locations in the 
United States in late 1994 and early 1995. If the 
technological and market-research results are 
encouraging, the US promoters might be operat
ing at a scale comparable to or somewhat larger 
than the European target by 1997. 

The European Information Infrastructure 

Italy Spain Sweden United 
Kingdom 

A second, less understood, less publicized, 
but potentially equally significant interactive 
video application would allow consumers to pro
duce and broadcast their own videos. Given the 
pervasiveness of low cost video cameras and re
corders and the rapidly improving video creation 
and editing capabilities of the personal com
puter, knowledgable consumers and small busi
nesses can now produce video output at quality 
levels once reserved only for large businesses. 
The ability to transmit these images across the 
network could radically transform the nature of 
program content as everyone could conceivably 
become a content producer. This has already 
happened in the text/messaging area and is be
ginning to happen with audio entertainment; 
should it move on to include video it could 
become a substantial driver for the need for high 
two-way bandwidth. 

The blurring of the lines between producer 
and consumer leads directly to the fourth and 
final class of applications. 
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2.2.4. Transformative Applications 

Messaging, transaction processing, and video 
applications all represent important new evolu
tionary uses of information technology. In con
trast, so-called transformative applications are 
those whereby the existence of a powerful in
formation infrastructure allows activities to be 
changed not only in degree but in kind, creating 
groups, forces, and ways of doing business that 
simply did not previously exist. Examples exist 
across all four major user groups - businesses, 
consumers, government, and education. 

In business, certain industries such as 
banking and insurance do not produce a physical 
product. In an era of mostly electronic money, 
the essence of their business is processing in
formation: deposits, loans, checks, etc. Given 
this, it is at least theoretically possible that these 
businesses could exist entirely in Cyberspace, 
with all transactions occurring on the network 
and managed by software. Again in theory, no 
physical building would be required. The 
emergence of certain PC-based home banking 
systems is a possible precursor to this, but clearly 
this is very much in the early stage. 

Business themselves will become increasing
ly virtual, with the information infrastructure 
becoming the place where people meet, make 
decisions, and execute transactions. This will 
encompass far more than just telecommuting 
and mobile workers. It will extend ultimately to 
the creation of new businesses designed for and 
used exclusively by those that are connected. 

Similarly in government, many functions are 
entirely information processing based. Over 
time, certain services such as registrations, tax 
collections, disbursements, and all forms of 
information accumulation and provision could 
exist first and foremost on the network, ideally 
offering large gains in efficiency and productiv
ity. The concept of the electronic town meeting 
could re-invigorate citizen participation. 

Perhaps of most interest are the rapidly 
emerging virtual communities of consumers and 
educational institutions. For consumers, in
formation infrastructures offer previously un
imaginable access to other individuals of similar 
interests. Here the range of virtual communities 
is again limitless, encompassing all professions, 
hobbies, arts, crafts, and activities. The explosion 
of specialized bulletin board services around the 
world but particularly in the US is just the first 
stage of this global meeting of the minds. Over 
time, these electronic communities are likely to 
become as important as today's physical commu
nities. Indeed many individuals already identify 
more with like-minded electronic entities than 
they do with those in their immediate physical 
neighbourhood. 

Similar virtual interest groups have long 
existed in academia, especially among the 
scientific community that has grown up with 
the Internet. However, this virtual ability is only 
just now expanding to all fields of study and 
extending downward to secondary and even 
primary education. In conjunction with knowl
edge bases such as those on the World Wide Web, 
it is greatly accelerating the speed with which in
formation can be accessed and shared, thus in
creasing the speed and effectiveness of research 
and other forms of knowledge accumulation. In 
an era of increasingly specialized knowledge 
domains, the ability to find and communicate 
with others in a field no matter where they are 
located has become critical. 

Bringing all of this to full fruition will take 
time. But in the end society will have been trans
formed in ways far more profound than previous 
waves of ICT industry growth. To find com
parable social phenomena one would be better 
served by understanding the three great con
sumer technologies waves of this century: the 
automobile, the telephone, and the television. 
Indeed, the whole metaphor of the information 
highway essentially rolls all three of these great 
forces into one. · 
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2.3. Other Key Applications 

In addition to the four broad classes of 
applications cited previously, there are certain 
applications whose importance to society is suffi
ciently great as to warrant special attention. In
cluded in this list are training and education, tele
commuting, and health care. Each of these can 
and often will have messaging, transaction pro
cessing, video, and transformative components. 

2.3. 1. Training and Education 

The educational potential of advanced digital 
information infrastructures is still in the early 
stage of exploration. Yet its potential importance 
and far-reaching benefits equal or surpasses 
almost all other uses of advanced information 
infrastructures. 

Networking is well-established in Europe's 
universities, especially for research purposes, but 
leverage has been limited by national fragmenta
tion and the high prices of leased lines. Conse
quently, the bandwidths available have tended 
to be lower than for facilities in the US, while 
some of the best-quality networks have been 
established to serve specialty areas, such as high
energy physics, that had independent access to 
funding. 

The Bangemann report advocates establish
ment of "A Network for Universities and Re
search Centers" based upon a "trans-European 
advanced network (high bandwidth, high defini
tion, carrying interactive multimedia services) 
linking universities and research centers across 
Europe, with open access to their libraries". The 
target is to link 30% ofEuropean universities and 
research centers by 1997. This network would 
be extended to other European countries as it 
becomes technologically feasible. 

The European Information Infrastructure 

Until recently, educational applications for 
primary and secondary schools have focused 
upon access to libraries, archives, and other refe
rence resources. This potential is far from ex
hausted, even at school systems that have been 
on-line for some years. The value is especially 
great for schools that have limited funds, small, 
outdated libraries, or are in remote locations. 

Widespread experience in Canada, the 
United States, and elsewhere shows that educa
tion at all levels can benefit from access through 
networks. The need is greatest from the first few 
years of secondary school onward. At some more 
adventurous schools, students and teachers have 
reached their counterparts in other cities or 
distant countries via the Internet to exchange 
information about one another's lives or to carry 
out joint projects in science or the environment. 

Within the past few years, more ambitious 
educational ventures have included multimedia 
reference materials (often based on software 
contained on CD-ROMs) that include audio and 
pictures, including movies, as well as text. Some 
permit interactive teaching, in which students 
respond to questions and choose alternatives. 
These state-of-the-art materials also push against 
the edge of conventional telecommunications 
capacity, especially as graphics and visual re
quirements gain in importance. 

Most scenarios for advanced information 
infrastructures assume that users will acquire 
PCs or other end user devices with their own 
funds for the PCs. This is a reasonable expecta
tion for businesses, government, and for most 
household users. 
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Full participation by schools would, however, 
require far-sighted budgeting and considerable 
funds. In most countries, in Europe and else
where, very few schools are adequately equipped 
with up-to-date computers. Fewer still have 
machines capable of handling current technol
ogy like CD-ROMS and access to the Internet. 
Europe is not alone in this regard; similar short
ages exist in the US and particularly in Japan. 

So far, this discussion has been limited to 
conventional university and classroom educa
tion. The potential is at least as great for continu
ing education and for the distance learning that 
receives particular emphasis in Canada and other 
sparsely-populated regions like the northern 
portions of the Nordic countries. 

The Bange mann report calls for pilot projects 
in distance learning in at least five countries by 
1995. By 1996, distance learning should be in use 
by 10% ofSMEs and public administrations. This 
is to be supported by "awareness campaigns 
among the professional associations and educa
tion authorities". 

These measures are to benefit: 

- "Industry (especially SMEs) and public ad
ministrations, by cost reductions and opti
mization of the use of scarce training and 
education resources." 

- "Employees needing to upgrade their skills 
by taking advantage of lifelong learning 
programs." 

- "People tied to the home and in remote 
locations, and students accessing higher 
quality teaching." 

As the Bangemann recommendations indi
cate, training that enables workers with outdated 
skills to move on to jobs that require adaptation 
to new working environments is also a crucial re
quirement. The technological requirements for 
retraining over networks are straightforward and 
well-established. The challenges lie in method 
and content. 

European education, especially in the 
wealthier countries of the E U, is among the best 
in the world. It is, however, sometimes con
ventional and conservative, intended primarily 
to prepare its graduates for a specific, narrowly
defined (and presumably lifetime) trade or 
career. Where apprenticeship programs are 
strong, as in Germany, the objectives (and limita
tions) are similar. Distance learning can be an 
important supplement to this approach, making 
it easier to update academic skills to a constantly 
changing work environment. 

In this field the most urgent need is to de
velop practical curricula, effective software, and 
successful techniques. Experiments with satel
lite schools for adults indicate that interactive 
telelectures, in which the teacher and student can 
see one another in real time while they exchange 
questions and answers, are among the most 
effective techniques. This approach - teaching 
through videoconference technology - would, 
however, require circuits of relatively high band
width. 

2.3.2. Health Care 

European health care could become both 
better and more efficient by taking advantage 
of an advanced information architecture. Sys
tematic use of messaging technology and trans
action processing could reduce the paper over
head in billing and record-keeping and speed up 
reimbursement procedures. Perhaps more im
portantly, physicians could exchange X-rays and 
other images, consult, exchange medical records 
swiftly and safely, and potentially even oversee 
surgical procedures from distant medical centres. 

On a different level, an advanced information 
infrastructure that is genuinely pervasive could 
serve as a means by which the elderly, parents of 
small children, and others with recurring needs 
to consult with medical staff could deal with 
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routine complaints over electronic linkages. 
This could reduce costs while providing better 
health care than today's telephone or in-person 
consultation. 

These objectives were underlined by the 
Bangemann group, which proposed health care 
networks that would provide "less costly and 
more effective health care for Europe's citizens". 
The group recommended a target of"first level 
implementation of networks in Member States 
linking general practitioners, specialists, and 
hospitals at a regional and national level by 
end 1995". 

Some of the most important medical applica
tions require circuits of high capacity because 
X-rays and other newer forms of images are 
increasingly important in medical treatment. 
Digital compression is acceptable in many appli
cations, but radiologists and pathologists are 
likely to be sceptical about solutions that do not 
provide maximum image fidelity. This requires a 
great deal of data which takes up space on storage 
disks and in transmission circuits. 

But for many health care applications, the 
most difficult obstacles can be social and 
cultural. Some doctors might be anxious about 
possible erosion of their authority. In addition, 
professional caution resists commitment of the 
patient's well-being to unfamiliar technology -
especially if the presiding physician may not be 
physically on hand to make a diagnosis and 
supervise treatment. As the Bangemann report 
points out, care must also be taken to safeguard 
patient privacy and the confidentiality of medical 
records. Consequently, the timing of many 
health care applications will depend on the com
plex interaction of many institutional, techno
logical, and psychological factors. 

The European Information Infrastructure 

2.3.3. Teleworking 

Teleworking or telecommuting was also 
endorsed by the Bangemann group in its list of 
ten applications that should receive early atten
tion. The objectives are to reduce traffic conges
tion and give greater opportunity ana flexibility 
to both employers and their workers. Targets 
established by the group's report included: pilot 
centres in 20 cities, involving at least 20,000 
workers by the end of 1995; by 1996,2% of the 
total work force would be teleworkers; by the 
year 2000, the number ofteleworkingjobs would 
rise to 10 million. 

This application is already a reality- but still 
on a small scale.At the simplest level, the worker 
can maintain contact with the head office, branch 
offices, or other teleworkers via telephone, fax, 
and e-mail- all over low-capacity circuits. In the 
United States and elsewhere, small independent 
contractors, consultants, accountants, free-lance 
journalists and others have long conducted a va
riant ofteleworking from offices in their homes. 

Problems that have arisen in teleworking 
experiments are primarily organizational, social, 
and psychological. Many teleworkers feel uneasy 
without the steady reassurance about their status 
that is usually supplied by constant informal 
face-to-face contacts with co-workers. As the 
Bangemann group notes: "problems arising 
from decreased opportunities for social contact 
and promotion will have to be addressed". 

Nevertheless, with the worldwide trend to 
two-worker families and with rising city con
gestion and other environmental concerns, a 
steady acceptance of telecommuting seems 
assured. One of the more likely short term 
scenarios will have workers telecommute a few 
days a week and come into the office on the other 
days. This might allow for the right balance 
between flexible work styles and the need for 
face-to-face business and social interaction. 
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3. Technology 

3.1. Evolution and Overview 

Discussions of advanced digital information 
infrastructure have tended to emphasize hard
ware, especially transmission technology such as 
fibre-optic circuits and advanced switching and 
routing technology like ATM, ISDN, and others. 

The information infrastructure debate has 
thus often been reduced to amatterofbandwidth 
-the higher the better. It was also often assumed 
that, from the start, the high bandwidth, versatile, 
digital connections associated with the image of 
the advanced information infrastructure would 
reach almost everyone, just as ordinary tele
phone service reaches almost everyone. Some of 
the technological options for achieving this are 
shown in Figure 9 at paragraph 3.6. 

In these debates, especially in the US, the 
metaphor of the superhighway has been used to 
simplify (but also obscure) the real issues. Mod
ern digital telecommunications does resemble a 
comprehensive road network in two important 
respects. Both are composed of high-capacity 
backbones and a hierarchy of smaller routes that 
diminish in capacity until actual users reach their 
own narrow driveways or sit down at their PCs 
or other receivers. 

In addition, the textures ofboth networks are 
uneven. Provincial cities and smaller towns will 
require connecting roads or channels of relative
ly high capacity even though they may be some 
distance from a multi-lane highway or a tele
communications backbone. Industrial parks, 
large factories, universities, major medical 
centers, and similar installations require access 
to substantial communications capacity just as 
they must connect with roads carrying daily 
commuter traffic. 

This pattern is familiar from the traditional 
telephone service. In old-fashioned telephony, 
however, the service provided to every sub
scriber, in the largest business complex or in 
the most isolated single-person household, was 
essentially the same. 

Today's large-scale information infrastruc
tures involve a hierarchy of applications, some of 
which demand much more circuit capacity than 
others. Substantial numbers of subscribers will 
need bandwidth-hungry applications. Much 
larger numbers will be able to meet their basic 
needs with circuits of much lower bandwidth -
circuits that are now available in current infra
structure. 

Many of the most dedicated advocates of an 
information revolution have called for universal 
access- connection with every household as well 
as all businesses and other institutions - over 
high-bandwidth circuits with virtually unlimited 
capabilities. This strategy has, in particular, been 
associated with advocacy of universally available 
video services. 

This maximum solution would, at least in the 
near term, eliminate disparities in bandwidth. It 
would also be very costly. Even in Singapore, a 
relatively well-off country that is very densely 
populated on a few small islands, ambitious plans 
for early completion of an advanced information 
infrastructure focus upon the relatively modest 
capacities and moderate cost ofiSDN. The most 
aggressive plans in the United States, like those 
of the regional Bell system in California, do not 
anticipate universal provision of relatively high
bandwidth circuits until a few years into the next 
century. Even then, the anticipated bandwidth 
into households would be significantly less than 
circuits serving, for example, computer com
panies in Silicon Valley in northern California. 
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Whatever the specific solutions, phased 
implementation would be simpler to carry out. 
It would also continue to extract maximum be
nefit from infrastructure that already exists, and 
would be much easier to pay for. In the longer 
run, it is a question of timing. It is possible that, 
just as today's microprocessors reduce the cost of 
processing power to a minor factor, communica
tions bandwidth will eventually become so cheap 
that its cost will no longer be a significant issue. 

After all, optical fibre is itself relatively in
expensive. Expenses rise because electronic con
verters are needed for the exchange between 
electronic signals and pulses oflight. The cost of 
this equipment, and of the electronic switches 
required for high-bandwidth connections 
(hundreds of megabits/second and higher) is 
descending swiftly. At some time, every house
hold will, it is argued, be reached with sufficient 
bandwidth to meet nearly any requirement. 

Until then, however, it is prudent to respond 
to today's reality, and in this reality bandwidth 
matters. 

3.2. Bandwidth Availability and 
Requirements- A Hierarchy of Users 

In a modern switched wide-area data net-
work, the requirements of users vary over a wide 
spectrum. Network design and capacity must 
adapt to these different needs. 

Conceptually, the network starts with a back
bone. It should be capable of the highest feasible 
bandwidth (although that can be expected to rise 
as demand increases, technological capabilities 
mature, and revenue earned by the network 
stimulates more investment). 

The European Information Infrastructure 

Firstly, the backbone should be able to 
handle the highest bandwidths needed by any 
subscriber on the network (at present, defined by 
certain scientific applications and uncompressed 
moving pictures). Secondly, the backbone, like 
the largest river in a system of streams, should 
have enough bandwidth to aggregate data 
poured into it from tributary circuits. Within a 
few years, ATM technology will enable back
bones and other major circuits to operate at 
bandwidths up to two or more gigabits per sec
ond. In most networks, current limits are in the 
low hundreds of megabits per second, or below. 

Important tributaries of the same or similar 
capacity would connect the backbone with im
portant population centers and major user sites: 
factories, medical centers, universities, financial 
centres, and so on. Circuits with successively 
lower capacity would branch out to smaller 
towns, businesses, schools, and residential areas. 

A branch circuit to a medium-sized hospital 
or to a studio for producing multimedia advertis
ing might, however, have a larger capacity than a 
branch to a wholesale business. That business 
might have numerous employees but could re
quire simpler services, perhaps limited largely to 
messaging and transaction processing. 

Some high-bandwidth links would have 
specialized functions: research networks linking 
universities (as advocated in the Bangemann re
port) circuits between major medical research 
centers, connections among the scattered indus
trial and headquarters sites of a major manu
facturer, and connections between a bank its 
branches, and other banks with which it carries 
out electronic transfers. 

Many specialized sub-networks of this kind 
exist already. Upgrades could be funded largely 
or entirely by the institutions that require most 
of their capacity and derive most of the benefits. 
At appropriate nodes or access points, however, 
these sub-networks should be connected into the 
overall information infrastructure. 
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The result would be an integrated but federal 
structure in which individual networks have 
much autonomy but function as part of a wider 
whole. This implementation - a philosophy as 
well as a concrete network strategy- is the foun
dation of the Internet. It has contributed directly 
to the success of the Internet and to the rapid 
rise, in Europe and elsewhere, in demand for 
access to Internet services. 

An idealized network may thus look some
what like a diagram of the human circulatory 
system. In practice, a detailed map of an actual 
network is more likely to be considerably less 
symmetric. The real network is shaped by many 
factors including existing circuits that may need 
to be incorporated, especially in the more distant 
branches, and the need to use available switching 
sites and rights of way, particularly in urban 
settings. 

Because of the relatively low cost and high 
capacity of optical fibre, system operators that 
have to bury or string up new cable tend to install 
excess capacity. This is especially true for back
bones and major feeder circuits. It assures easy 
future expansion of bandwidth as switches and 
routers become more powerful and demand 
increases. 

3.3. Narrow Bandwidth ISDN 

Integrated Services Digital Network (ISDN) 
is an international standard, set in the 1980s, that 
permits digital transmission of voice, data, and 
images over the same circuit. It has been adopted 
widely in Europe in contrast, for example, to the 
US, where it is advocated by telecoms companies 
but has, so far, found limited response from 
customers. 

In 1993, ISDN availability reached 100% in 
France and Denmark; the UK (95%) and Ger
many (70%) were not far behind. Italy (37%), the 
Netherlands, and Spain (both 10%) had not yet 
built up momentum in 1993. By 1996, plans call 

% 1993 %1996 

France 100 100 

Denmark 100 100 

Belgium 100 100 

Luxembourg 100 100 

UK 95 100 

Switzerland 85 100 

Germany 70 100 

Sweden 40 100 

Italy 37 70 

Portugal 25 100 

Spain 10 70 

Netherlands 10 100 

*Coverage refers to geographic availability of service. 
Current customer usage is much lower with less than 1 ISDN 
connection per 100 inhabitants in all countries. 

for 100% coverage in all these countries except 
Italy and Spain, which are to reach 70% coverage 
(see Table · 3). However, although geographic 
coverage is becoming widespread, actual usage 
levels remain modest. This is partly due to in
compatibilities between different national 
ISDN implementations. With the acceptance of 
Euro-ISDN, previous incompatibilities between 
national ISDN networks are being overcome. 

ISDN technology will enable many European 
countries to cope effectively with all the lower
bandwidth applications described in section two 
(data exchange, messaging, and transaction pro
cessing) and all but the most ambitious mid
range applications (primary and secondary edu
cation and retraining programs). It would thus be 
adequate to meet the immediate requirements of 
most businesses and almost all households -

Table 3 
Count1y Coverage of 
ISDN in Europe* 
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Figure 8
Storage Requirements
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unless video-related services were desired on a

large scale. It could also satisfii most require-
ments of conventional, school-centered educa-
tion, retraining, telecommuting, and medicine.

The exception is applications that rely upon
data in visual form, especially ifhigh resolution is
imp o rtant . Digitalization o f any drawing, pho to -

graph or other image requires a large number
of digits. This demands, in turn, large capacity
storage systems and substantial bandwidth
transmission facilities.

Photographs in full colour raise the demand
for bandwidth sharply. Motion pictures, operat-
ing at anywhere from 12 (some lower-end video-
conferencing systems) to 30 (mostTVstandards)
frames per second demand very large bandwidth.
Figure 8 shows the range of storage requirements
for various media formats.

Until the 1990s, bandwidth of this capacity
was available only on broadcasthY satellites,
microwave and terrestrial circuits established
specifically for TV transmission, and the coaxial
cables typically used for cable TV. Fibre optics
and advanced technology like ATM now enable
telecommunications circuits with sufficiently
high bandwidth to transmit motion pictures with
acceptable fidelity.

3.4. Compression

While the preceding technologies have in-
creased the use of high bandwidth circuits, com-
pression technology is maturing, showing the
way towards the transmission of images at more
reasonable cost. Compression has long been ap-
plied to messaging and storage oftexts and other
dala,which leave a lot of empty spaces that can
be squeezed together and then reconstituted.
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Compression can also be applied to images, 
including motion pictures. It may, however, re
sult in some loss of detail, especially in back
grounds and in redundancies that are not essen
tial to the image's main theme. Many methods 
for compression have been developed, and 
standardization remains a crucial issue. One set 
of standards, named MPEG (for Motion Picture 
Experts Group), now seems on the brink of 
widespread if perhaps not universal adoption. 

With efficient compression, today's ISDN 
can deal with most requirements for image 
transmission. Motion pictures, medical images 
that require exceptionally high resolution, and 
high-quality videoconferencing would stretch 
the limits of current ISDN implementations. 

The recent growth in demand for high band
width has, however, been accompanied by the 
development of other ingenious methods for 
getting the most out of existing communications 
media. Thus it seems probable that the capabili
ties of existing ISDN technology will continue to 
be improved, extending the range of applications 
that can be accommodated. In the future, facili
ties can be upgraded to B-ISDN ("B" stands for 
broadband) another established standard that 
supports much higher bandwidths based on 
technologies such as ATM. 

3.5. Protocol Issues 

Telecommunications technology, tradition
ally shaped primarily by conservative PTTs and 
focused sharply on the special characteristics of 
voice transmission, has responded slowly to the 
requirements of data transmission. After pro
tracted discussion, the International Standards 
Organization (ISO) adopted a set of standards 
known as OSI, or Open Standards Interconnect. 
OSI employs a layered architecture in which 
various physical media ( such as copper wire or 
optical fibre) transparently supports standard
ized interfaces, protocols, and actual applications 
software. OSI implementation, however, has 
been slow. 

While Europe remained focused on OSI, a 
different implementation of the same layered 
concept gained ground rapidly in the United 
States. This was TCPIIP, which became the 
standard protocol for the ancestors of the Inter
net. TCP liP infiltrated Europe along with the 
globalization of the Internet and is now widely 
used. TCP!IP divides the data stream into small 
segments called packets that are labeled, dis
patched, and reassembled at the receiving end. 
The various packets may travel over different 
paths to reach the same destination. 

3.6. High Bandwidth Technologies 

There are a number of high bandwidth tech
nologies designed to fit into a variety of customer 
and backbone infrastructure environments. 
Some of the most important current technol
ogies are summarized in Figure 9. 

Over the last year, the most talked about 
high bandwidth technology has been ATM 
(Asynchronous Transfer Mode), adopted initially 
for use on ISDN circuits. ATM's specifications 
were the result of protracted negotiations be
tween the voice-centered telecoms providers and 
the data-centred IT industry. 

ATM transmits data in segments called 
cells over virtual circuits, operating in a fashion 
similar to TCP liP. ATM's great virtue is its capa
bility to be applied at very high bandwidths, up to 
billions of bits per second. It is associated with a 
range of standardized rates for transmission over 
optical fibre. (Unfortunately, the nomenclature 
and rates are somewhat different in the US and 
Europe.) 

For the present, ATM remains in its first gen
eration of development. Switch circuitry is as yet 
available only for the lower standardized speed 
levels. Prices remain relatively high but are 
dropping rapidly. 



Figure 9 
Emerging High-speed 
Transmission 
Technologies 

Table 4 
Participants in 
European 
ATM Pilot Project 
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Speed Limit 
Types (Mbps) 

LAN s: Ethernet 10 

Token Ring 16 

T-3 44.7 

ATM 45-2500 

SO NET 51.8-13,200 

FDDI-II 100 

Broadband!ISDN 155-622 

Coaxial cable 1 GHz 

British Telecom 

Deutsche Bundespost Telekom 

France Telecom 

Stet and Iritel (Italy) 

Telefonica (Spain) 

Belgacom (Belgium) 

PTT Telecom (Netherlands) 

Telecom Finland 

Norwegian Telecom 

Telefones de Lisboa e Porto (Portugal) 

Telia AB (Sweden) 

Swiss PTT Telecom 

Tele Danmark 

Telecom Eireann (Ireland) 

ATC Finland 

Austrian PTT 

The European Information ln.f/"astructure 

Traffic 

Compressed video, 

specialized video servers 

Data intensive applications, real-time color 

Integrates audio w/data, text, to full motion video 

Transmits TV quality video, audio and data 

High-speed fibre 

All multimedia transmissions 

Analog, audio and video 

ATM has nevertheless been pursued vigor
ously in global markets by a number of leading 
companies. Large-scale test operations are in 
progress in Europe, Canada, and the United 
States. Some are in fact functioning networks 
that carry actual loads like a commercial service. 
In many cases, however, they are licensed at 
lower prices as experimental circuits with 100% 
reliability not guaranteed. 

In Europe, a total of 17 telecom operators 
have joined in an ATM pilot project originally 
started in November 1992, by BT (UK),Deutsche 
Bundespost Telekom (Germany), France Tele
com, and Italy's two major telecom providers, 
STET and IRITEL. A complete list of participat
ing countries is shown in Table 4. Tests are to con
tinue through 1995. The initial minimum level is 
to be 34 Mbits/sec, with minimum topology 
based on rings. Additional nodes and links 
running at 140 or 155 Mbits/sec may be added, 
forming larger-scale networks with a meshed or 
hybrid topology. 
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A number of telecoms authorities (in 
Finland, France, Germany, Sweden, the UK, 
Italy, and Spain) are carrying out large-scale im
plementations of very high speed Synchronous 
Digital Hierarchy (SDH) systems. SDH, referred 
to asSONET in the US, is a set of specifications 
for linking fibre networks. For example, the 
Stockholm Global Network (SGN) in Sweden, 
described as a research high-speed network, 
started in the fall of1994, operating at 1.2Gb/sec. 
Projects being tested include visualization appli
cations. Plans call for an extension to Gothenburg. 

Germany has been the most aggressive user 
ofSDH, although others are catching up. France 
Telecom intends to base almost all transmissions 
on SDH by 2005 or 2010. In the UK, BT is very 
conscious of its legacy of older PDH technology. 
New competitors starting from a clean slate are 
more likely to employ SDH. In 1992, to support 
the summer Olympics, Spain upgraded its 
Madrid-Valencia-Barcelona and Madrid-Zara
gossa-Barcelona optical fibre links to SDH. 

3.7. Coaxial Cable 

An alternative high-bandwidth path is avail
able in countries that have already reached a 
relatively high level of penetration by cable TV. If 
integrated into the national information infra
structure, cable could provide an effective way 
for one-way delivery of moving pictures and 
other high-bandwidth applications. The trans
mission of ordinary telephone traffic, including 
data, over cable is another possibility. This 
resource may be one way to achieve widespread 
markets for video-on-demand, multimedia, etc. 

Interactive use would, however, require an 
additional channel from the subscriber back to 
the originator. Some advocate that this other 
channel should also have high bandwidth, so 
that the subscriber could engage in virtual face
to-face exchanges with teachers, government 
officials, physicians, libraries, and friends, or pro-

duce and transmit his or her own video content. 
Entrepreneurs interested mainly in marketing 
entertainment products suggest a second 
channel with much less capacity than the cable
transmitted channel- most likely just an ordinary 
phone circuit. 

In Denmark, a cable provider established 
(in technical violation of regulatory require
ments) a system in which the cable infrastructure 
was used by the elderly or infirm to transmit 
alarm signals to health providers in the event of 
a medical emergency. The service, which uses 
a small special-purpose device, has been sub
scribed to by about 20% of the target audience. 

In 1992, the same provider obtained a license 
for two-way traffic and established a metropoli
tan network that provides electronic mailboxes 
and access to video text-type information over a 
keyboard included as part of the service. Busi
ness customers are able to use the service for data 
communication and telephone linkups through 
the business's own PABXs. 

Experiments in interactive TV and multi
media over TV cable have been inaugurated in 
the Netherlands. One test, which began in 
March, 1994, in a section ofRotterdam, offers its 
16,000 subscribers a choice of movies among six 
channels. Fees are paid for each film requested. 

Cable providers in Amsterdam and other 
cities, accounting for about 10% of entire cable 
connections, have been converted to accept 
two-way traffic at a cost of about 65-70 florins per 
connection. It is estimated that an investment 
of approximately 380 million florins would be re
quired to convert all of the 5.4 million cable sub
scribers (compared with 6.4 million households) 
in the Netherlands to a two-way capability. Re
ports indicate that this investment will be made 
within the next few years. 



Table 5 
Cable TV Penetration, 
Selected European 
Countries and the US, 
1993 
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Number of Number Percent 
Country Households with Cable with Cable 

Access* Access 
(Millions) (Millions) 

Netherlands 6.4 5.4 84 

us 96.0 80.0 83 

Germany 36.0 20.0 56 

Denmark 2.3 1.2 52 

Sweden 3.9 1.8 46 

France 22.0 5.0 23 

UK 22.0 3.5 16 

Italy 20.0 0.0 0 

*Cable access refers to the number of household passed 
by cable, not the number of actual subscibers. 

A cable-based strategy would be difficult to 
carry out in the near future on a Europe-wide 
basis because of the wide differences among 
countries in cable penetration. In some countries 
this approach could have substantial promise. 
The regulatory and institutional barriers, how
ever, can be nearly as formidable as the techno
logical requirements. Table 5 shows the current 
diversity in overall European cable usage. 

3.8. Wireless Communication 
and Satellites 

The role of wireless systems in a modern 
information infrastructure remains a subject of 
strong opinions and wide debate. Visions of a 
future in which everyone walks around with a 
compact personal communicator that is in 
constant wireless contact with every source of 
information, shopping, personal services, or 
entertainment in the entire community are not 
yet technologically feasible. 

The European Information Infrastructure 

Other doubts are raised about reasonable 
pricing within a reasonable period of time. Per
haps most importantly, although cellularization 
can make more efficient use of broadcast 
channels, high-bandwidth applications confront 
the inherent limitations of the electromagnetic 
spectrum. 

Several other aspects of wireless networking 
are, however, within practical reach: 

Wireless telephones are a solid reality in 
Europe, and are growing rapidly. Users of mobile 
phones have risen quickly to some 10 million. 
Use is spread throughout most of Europe but 
with a particular concentration in Northern 
Europe. The Bangemann report estimates 
current annual growth rates of 30 to 40%, which 
will soon lead to a total of 40 million subscribers 
in the EU. The Bangemann report also says 
that about 30,000 new jobs have been created in 
Germany alone through the success ofGSM. 

The GSM standard, developed in Europe, 
is becoming increasingly popular. It is better 
adapted to data transmission than the analog sys
tems that still predominate in the United States. 
The Bangemann committee recommends pro
motion of G SM in Europe and internationally. 

Additionally, wireless transmission from 
portable PCs of e-mail, buying orders, shipping 
documents, and other texts, is already a reality, 
although it remains limited to enthusiasts, 
businesses with special requirements, and those 
who can afford technological novelties. 

Transmission can take place through a special 
transmitter or through an adapter to a cellular 
phone.During the past two years, the cost of data 
modems has fallen from some 800 ECUs down 
to a few hundred - while reducing in size from 
that of a medium-sized book to cards that can 
be slipped into the standard PCMCIA slots of 
laptop computers. Several European countries 
have endorsed this technology which has begun 
to gain acceptance in the US. 
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Some parcel delivery companies are already 
employing similar technology to track shipments 
in transit and verify delivery. In two of the most 
prominent cases (United Parcel Service and 
Federal Express in the US), this was based upon 
large investments in custom solutions. 

The availability of reliable, relatively inex
pensive wireless-data solutions could improve 
the productivity of repair personnel, sales staff, 
real estate agents, public health personnel, and 
other mobile workers who now must communi
cate over traditional telephone circuits. Commu
nications arrive in electronic form, enhancing 
productivity at the receiving end. 

Wireless data communication can thus, with
in the near future, become a specialized but 
important extension to the broader information 
infrastructure. The Bangemann report recog
nizes the importance of wireless communica
tion. It advocates a reduction in tariffs for mobile 
communication to increase even more rapidly 
the demand for mobile services. 

The report also notes that satellites have 
"many advantages for providing remote and rural 
areas with advanced communications ... The 
crucial advantage of satellites is their wide geo
graphical coverage without the need for expen
sive terrestrial networks". It recommends "the 
establishment of a regulatory framework for 
satellite communications" as well as "urging the 
European satellite industry to develop common 
priority products and to participate actively in 
the development of worldwide systems". The 
objective, the report says, "should be to develop 
trans-European networks". 

Rapid decreases in the required size and 
expense of transmitter-receivers for satellite 
communications (now only about 1 meter india
meter) add to its possibilities, especially for 
emergency communications and communica
tions with isolated areas. Once again, these 
satellite networks can be integrated into the 
overall information infrastructure. 

3.9. End-user Devices 

For larger businesses, scientific establish
ments, well-equipped government and medical 
installations, and similar users, the issue of se
lecting a terminal is already settled. These groups 
will continue to use personal computers and 
other general-purpose computers that are al
ready in place. Customers of some financial net
works will sometimes use specialized terminals 
supplied by the service vendors. Even in this 
market niche, however, the tendency is toward 
the use of general-purpose systems. The device 
selection issue is more pertinent for individual 
households and for less-affluent institutions like 
schools, small businesses, and small government 
offices, especially in Europe's less-wealthy 
economies. 

One alternative to PCs would employ 
simpler, less expensive standard terminals on the 
Mini tel model. It is argued that the advantages of 
this approach would be lower costs and relative 
ease of use. On the other hand, the price ofbasic 
PC configurations with substantial performance 
is now well under 1,000 ECU. PC companies are 
planning simplified versions for the home mar
ket, priced at 700 ECU or less, that nevertheless 
would have performance similar to today's PCs. 
The PC price trend will continue downward, ex
pressed in lower price tags, better performance, 
and additional functions. 

It would not be easy to develop and produce 
more cheaply a specialized terminal with 
adequate flexibility and versatility, especially if it 
were a proprietary system whose production was 
awarded to a favoured supplier. Additionally, a 
specialized terminal might tend to freeze tech
nology, whereas with PCs, market forces ensure 
steady and significant improvements in perform
ance for the indefinite future, while software 
offers an almost unlimited scope for creativity 
and innovation. 
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Moreover, just as with TVs and VCRs, a wide 
choice of models that all adhere to the same 
essential standards but can be adopted to a broad 
spectrum of tastes, requirements, and pocket
books would keep prices down and be more 
likely to appeal to a wider range of consumers. 
This again argues for the flexibility offered by a 
general purpose computer. 

Ease of use is a more difficult issue. The cam
paign for video-on-demand in the United States 
is partly based upon the assumption that a very 
large proportion of potential subscribers ( espe
cially those over 40 years of age and lacking 
advanced education) feel uneasy with systems 
like PCs that seem so complicated to operate. 
Thus their plans include much simpler set-top 
boxes that emulate the operation of TVs and 
video games. The price point for such specialized 
systems is in the 200 to 300 ECU range. This goal 
is not yet in immediate reach, especially for 
the more versatile, powerful versions, but, given 
improving semiconductor technology, it is cer
tainly achievable by the late 1990s. 

In the meantime, however, PC vendors are 
concentrating more upon ease of use as they 
focus attention upon the home market. In the 
context of widely-deployed information infra
structures, European manufacturers might focus 
upon the still-untapped market for PC systems 
that are genuinely easy to use. 

4. Information Infrastructures: 
A Global Comparison 

As discussed earlier, nations around the 
world are targeting their information infra
structure as a priority development area. They 
are doing this for two main reasons: The con
vergence of computing, communications, and 
media industries is expected to create the largest 
of all industries sometime in the next century, 
and secondly, advanced information infrastruc
tures will emerge as the foundation for virtually 
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all other major industries. In the 21st century, 
information is likely to become the centerpiece 
of the world economy. 

Given the stakes it is natural to compare the 
positioning of the major world economies- par
ticularly, the US, Europe, and Japan. Illuminating 
comparisons can be made among these major in
dustrial regions in terms of infrastructure, open
ness of competition, adherence to standards, 
plans to upgrade network capacity and quality, 
and overall progress toward an advanced infor
mation society. Although all developed nations 
are making significant progress, real differences 
exist. These differences can over time be trans
lated into meaningful competitive advantages 
or disadvantages. Development of national in
formation infrastructures cannot be divorced 
from overall issues of global competitiveness. 

The current competitive situation is summa
rized in the following text as well as Figure 10. 

4.1. United States 

The US enjoys a distinct advantage because 
of its continental size,high degree of cultural and 
linguistic homogeneity, relatively high degree of 
competition in telecommunications and related 
fields, long experience with network manage
ment and technology, creativeness as well as 
technological strength in its software, hardware, 
and program-content sectors, and a relatively 
unrestrictive regulatory environment. The US is 
also the world leader in personal computer use 
per capita. 

These advantages maybe diminished signifi
cantly unless early agreement is reached in the 
United States on fundamental questions about 
competition and decreased protection. So far, the 
initial initiatives taken by the current administra
tion have led to few concrete results. Today's 
advantages of the regulatory environment in the 
USA are only relative. Further advances could be 
stalled unless the current impasses are resolved. 
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us 
Demand factors 

PC use High 

CATV use High 

Use of interactive services High 

Internet use High 

Wireless phone use High 

ISDN coverage Low 

Supply factors 

Computer vendors High 

Software vendors High 

Telecom vendors High 

Consumer electronics vendors Low 

Semiconductor vendors High 

Entertainment vendors High 

Nevertheless, in terms of the overall vigour and 
potential of its information infrastructure, the 
United States is clearly in the lead. 

Considerable worldwide attention has been 
paid to the activities and initiatives ofthe Clinton 
administration. Immediately after its election 
in 1992, the new administration, led by Vice 
President Al Gore, devoted considerable atten
tion to the information infrastructure issue. 
Using the term "Information Superhighway" to 
popularize the concept, the Clinton administra
tion launched its National Information Infra
structure initiative, a mix of policies and goals 
not dissimilar to the Bangemann report and 
other European ministerial efforts. 

Europe Japan 

Medium Low 

Medium Low 

Medium Low 

Medium Medium 

High Medium 

High Low 

Low Medium 

Medium Low 

High Medium 

Medium High 

Low High 

Medium Low 

However, since that time, US federal govern
ment emphasis has diminished and private sec
tor initiative, particularly the Internet and major 
vendor alliances have dominated the headlines. 
Many of these alliances have been between tele
phone and CATV companies trying to integrate 
and upgrade their infrastructures to support 
multi-media, particularly video-on-demand appli
cations. There are at least 30 such trials either 
being planned or actually taking taking place 
in the US today. 

With all the activity in the private sector, 
government attention has shifted to the area of 
regulatory reform and in particular, during 1994, 
the US Congress attempted unsuccessfully to 
update its Telecommunication Act initially 
adopted in the 1930s. Other regulatory issues 
have concerned Cable-TV pricing, awarding of 
wireless licenses, and anti-trust oversight of 
planned mergers and acquisitions. Each has been 

Figure IO 
Global Information 
Infrastructure 
Scorecard 
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highly controversial with the process and out
comes often unclear. As long as the private sector 
activity remains robust, government activity is 
likely to stay focused in these traditional regu
latory areas. 

In addition to government and private sector 
initiatives, US universities and research institu
tions are also involved in a number ofhigh-speed 
test beds. Five of the most prominent are de
scribed below: 

- Aurora examines two networking technol
ogies, ATM (asynchronous transfer mode) 
and packet transfer mode (PTM). It evaluates 
network performance with different types of 
traffic and varying loads. Participants include 
the Bellcore Research and Engineering Labo
ratory (the regional Bell companies' counter
part to AT &T's Bell Labs), the IBM Thomas 
J. Watson Research Center (the mother 
church ofiBM's far-flung research ventures), 
the MIT Laboratory for Computer Science, 
and the University of Pennsylvania Distri
buted Systems Lab. 

- Blanca focuses upon network performance in 
transmitting voice, data and video. It employs 
100 Mb/sec local area networks as well as 
wide area networks employing routers and 
ATM switches. Speeds up to 622Mb/sec are 
being studied. The participants are AT&T 
Bell Labs, Lawrence Berkeley Lab, the 
National Center for Supercomputer Appli
cations (NCSA), the University of California 
at Berkeley, the University of Illinois at 
Champagne-Urbana, the University of 
Wisconsin at Madison, AT&T, Ameritech, 
Bell Atlantic, and Pacific Bell. 

- Nectar, headquartered in Pittsburgh, is seek
ing to find solutions to the bottlenecks 
created by the I/0 (input-output) interfaces 
of computers. It also explores high-speed 
interfaces between standards like HIPPI 
(used primarily for high-bandwidth commu-
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nications over short distances within com
puter facilities) and the SONET standard. 
Gigabit LANs and gigabit WANs are linked 
together in an attempt to solve I/0 problems. 
Participating are Carnegie-Mellon Univer
sity, the Pittsburgh Supercomputing Center, 
Bellcore, and Bell Atlantic. 

Two national testbeds concentrate upon 
supercomputing applications, one of the most 
demanding uses of networks. 

- Casa networks together high-performance 
systems in California and New Mexico to 
explore the possibilities of collaborative 
computing among a number of disparate and 
geographically distant machines. It concen
trates on bandwidth-intensive visualization 
applications and on other complex computa
tional tasks like climatic modeling and com
putational chemistry. New switches and other 
advanced technology are being applied to 
experiments with SO NET standards and with 
HIPPI (using special extenders to permit 
usage over long distances). Participants are 
the Los Alamos National Laboratory, Cal 
Tech, NASA's Jet Propulsion Lab, the San 
Diego Supercomputer Center, UCLA, MCI, 
Pacific Bell, and US West. 

- Vis taN et, in Research Triangle Park, North 
Carolina, joins Bell-South, GTE, the Uni
versity of North Carolina/Chapel Hill, and 
North Carolina State University to experi
ment with ultra high-speed communications 
for supercomputing, high-resolution graph
ics, and medical images among sites in the 
research park. In early work, VistaNet re
searchers linked three locations at a broad
band ISDN speed of622 Mb/sec.,achieving a 
sustained rate of200 Mb/sec.ATM switching 
and SONET protocols are also explored. 
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These research test beds will provide critical 
technologies and insights for the many actual 
business trials and services that will be launched 
over the coing years. 

4.2. Japan 

Both the telecommunications equipment 
and computer sectors of Japan's IT industry 
employ advanced technology. Japan is a world 
leader in semiconductors, it dominates the 
world's video game market, and its telecom 
vendors compete successfully in Latin America, 
China, and other global markets. Although 
pressed increasingly by the other industrialized 
East Asian economies, Japan retains clear leader
ship in most consumer electronics sectors. 

On the negative side, the Japanese ICT users 
have domestically been slow to adopt to network 
computing, although participation in the Inter
net is rising rapidly. This is due to the long
standing organizational structures and cultural 
assumptions of Japanese business rather than 
technological deficiencies. Japan's plans for 
national high-bandwidth information infrastruc
tures remain mostly in the slogan stage. Imple
mentation is hindered by on-going conflicts 
among key ministries such as the Ministry ofPost 
and Telephones (MPT) and the powerful Minis
try of International Trade and Industry (MITI). 

Use of proprietary operating systems and 
costly custom software persisted longer in Japan 
than in its world competitors. In terms of use of 
local area networks, PCs, relational data bases, 
packaged software, and other modern computing 
tools, the Japanese market is at least five years 
behind that of the US and Europe.In comparison 
with the United States, Japan is also far behind 
in the penetration ofPCs per capita. This makes it 
difficult to rapidly move towards on-line network 
services. 

Japan's telecoms carrier,NTT,has been large
ly privatized. In cellular telephony, the relaxation 
of restrictive regulations and the introduction of 
competition (including participation by some 
foreign vendors) should lower the present high 
tariffs and eventually raise utilization closer to 
global levels. Despite these changes, the overall 
regulatory environment remains restrictive, and 
new entrants into the Japanese market face 
formidable obstacles. 

For these reasons, Japan remains in a position 
that is significantly behind that of the United 
States. However, Japan has a history of success
fully making concerted efforts in targeted fields. 
Of the three major regions discussed, Japan is the 
most likely to embark on major infrastructure 
projects requiring high levels of up front invest
ment. Japan's telephone giant, NTT, is likely to 
be at the center of these efforts. 

4.2.1. Japan's Fibre Optic 
and Broadband Plans 

According to the Ministry of Posts and 
Telecommunications (MPT), of the total 
1,073,000-kilometer length of Japan's subscriber 
communications infrastructure in fiscal 1992, 
only or 2.9% constructed of optical fibres. Re
garding transit (trunk) lines, however, NTT states 
that it had installed 73,248 km of optical fibre 
cable by fiscal1993, making its nationwide trunk 
lines completely optical. 

Utilizing these facilities, NTT plans to launch 
high-speed dedicated data services at 50 Mbps 
and 150. NTT's VI&P (Visual, Intelligent & 
Personal) project intends to introduce ATM
based broadband ISDN services in 1995, 
followed by ATM switching services in 1997-98 
and complete a nationwide fibre-to-the-home 
B-ISDN infrastructure by 2015. 
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NTT also announced in April 1993 that it 
would develop commercial services and net
works for the highly informationalized society of 
the future. According to this plan, 10 trillion yen 
(ECU 85 billion) will be required to install fibre 
to every household. A total of 45 trillion yen 
(ECU 420 billion) would be required for all facili
ties, including switching devices, software and 
maintenance. 

NTT believes it can largely go it alone be
cause investing the 2 trillion yen (ECU 18 bil
lion) per year required to achieve this goal is not 
significantly larger than its current investments 
(1.9 trillion yen/year). 

In the spring of 1993, as part of the Japanese 
government's New Society Infrastructure plan, 
the MPT judged that the goal of implementing 
fiber to the home would likely be delayed if 
left up to NTT. The ministry indicated that it 
intended to take a leadership role in defining this 
lucrative industry. 

In response to this announcement, NTT 
countered that private organizations, not the 
government, should build and manage the in
formation highway. Despite the continuing (if 
temporary) majority ownership ofNTT stock by 
the Finance ministry, NTT how counts itself a 
private organization. 

The Ministry of Posts and Telecommunica
tions (MPT) is promoting a plan to connect by 
2010 all businesses and all households to a 
nation-wide fibre-optic system enabling broad
band digital communications and interactive, 
multi-channel digital video broadcasts. By 2010, 
the MPT predicts there will be seven million 
business premises and 54 million households in 
Japan, and that there will be (on average) three 
subscriptions per business and one subscription 
per household resulting in a total of 75 million 
subscriptions. 
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The estimated cost of building such a system 
is 16 trillion yen for the subscriber network and 
17 trillion yen for subscriber exchanges, trunk 
networks and software, for a total of 33 trillion 
yen (ECU 280 billion). This assumes that: 

1. Businesses would be connected in a single 
star configuration (where each subscriber is 
directly connected to the nearest telephone 
office point-to-point), providing 150 Mbps 
bidirectional communications by 2000 (600 
Mbps by 2010). 

2. Households would be connected in a passive 
double star configuration (where subscriber 
circuits partially share passive elements) 
incorporating a wavelength division multi
plexing scheme, providing by the year 2000 
bidirectional communications at 1.5 Mbps 
(10-30 Mbps by 2010) or simultaneous, one
way, downstream transmission of 150 video 
channels (300-500 channels by 2010). 

This construction would be carried out in a 
stepped manner covering by the year 2000 the 
main districts of all prefectural capitals and some 
government-appointed "teletopia" cities, ac
counting for 20% of the population. By 2005, the 
optical fibre infrastructure will cover all cities 
with populations of 100,000 or more, plus addi
tional "teletopia" cities, accounting for 60% of 
the population. The nationwide network would 
be completed by 2010, covering 100% of the 
population. 

Though the government and NTT have both 
stated 2015 as the target date for total fibre-optic 
penetration, the MPT is promoting a faster 
schedule in order to complete the massive invest
ments required before the average age of the 
population reaches its peak, which is predicted to 
occur in the 2010-2015 time frame. By 2010, the 
Ministry of Health and Welfare estimates that 
21.3% of the population will be aged 65 or over, 
which will give Japan a population with the 
highest proportion of elderly in the world. As 
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medical and welfare systems will place a heavy 
burden on the government and society as a 
whole, it is considered important to complete the 
majority of the investment in Japan's infor
mation highway infrastructure as quickly as 
possible. 

The MPTpredicts that this nationwide broad
band fibre-optic network will create new mar
kets, including program distribution, production 
of terminal devices, and network operations, 
worth approximately 56 trillion yen (ECU 470 
billion); and expand existing markets not direct
ly related to the fibre-optic network (e. g., video 
equipment, telecommunications equipment, 
computers, and video software) by approximate
ly67 trillion yen (ECU 550 billion).MPTalso says 
that this multimedia market would, if realized, be 
three times the size today of Japan's automobile 
market and more than ten times the size of 
Japan's current consumer electronics market. 

4.3. Europe 

In general, Europe, especially its wealthier 
members, occupies a place between the United 
States and Japan. Its telecommunications com
panies rank among the best in the world, but its 
computer industry has lost considerably position 
over the last decade. Given its generally ad
vanced infrastructure, it is far from the world 
laggard sometime portrayed. 

In most ofEU Europe,PC use, the proportion 
of PCs on networks, installation of digitized 
and high-bandwidth circuits,and the use of cable 
TV and mobile telephony exceed (often by a 
substantial margin) the figures for Japan, and 
are close to but generally lower than those for 
the US. 

Many European countries are well ahead of 
Japan in pilot projects related to applications for 
advanced information infrastructures. European 
telecoms operators carried out, often some years 

ago,important initiatives (e.g. Deutsche Bundes
post Telekom in long distance high-bandwidth 
transmission and France Telecom's Minitel 
project) that the Japanese are just beginning to 
introduce on a trial basis. 

In the regulatory arena, Europe's record is 
much more mixed. Most major EU countries 
have at least reached a stage in demonopoliza
tion similar to Japan's: some degree of competi
tion in areas outside basic voice services, with 
more or less concrete plans for further progress 
toward greater competition. A few, notably the 
UK, have reached substantial degrees of com
petition, comparable to those in the US. 

Europe's plans for certain types of improve
ments in information infrastructure (implemen
tation of ISDN, for example) are well ahead of 
both Japan and the US. If the EU and member 
states build upon the momentum begun by the 
December 1993 White Paper and the Bangemann 
report, this advantage could be successfully 
exploited, and is Europe's most direct path to a 
leadership position. 

4.4. Underlying Competitive 
Dynamics 

Perhaps more important than the current 
position are the dynamics that have created the 
position. It is these dynamics that can be altered 
to create positive future scenarios. To better 
understand these underlying forces, this paper 
will draw on the work of Harvard University 
professor, Michael Porter. 

In his book, The Competitive Advantage of 
Nations, Porter presents a generalized theory that 
can predict global competitiveness across a wide 
range ofindustries. The following section applies 
Porter's theories to the information infrastruc
ture issue. Porter focuses on four main areas: 



Figure 11 
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***** 

**** Related 
Industries 

EITO implementation of Michael Porter model 

Factor conditions- these are physical, natural 
and human resources. When used in the con
text of national infrastructures they would 
include issues like the quality of existing 
telephone and cable infrastructure, the 
penetration of PCs, and related factual and 
penetration metrics. 

- Related industries. The message here is 
simple. Success in a new industry does not 
come out of nowhere and can usually be 
traced to some success in industries with 
clear affinities. Industries directly related to 
information infrastructures include: com
puters, telecommunications, publishing, 
entertainment, and consumer electronics. 

- Demand Conditions. One of the intriguing 
findings of Porter's work is that those coun
tries with the most demanding customers 
tend to produce the most capable vendors, 
and thus a sophisticated domestic market is 
highly correlated with global success. 

** 

- Domestic Rivalry. Perhaps Porter's most im
portant finding is that global vendor leader
ship almost always is the result of fierce 
domestic competition. In fact, across all the 
industries studied there was not a single 
example of a so-called national champion 
going on to become a global leader. This 
suggests that efforts to create a highly com
petitive domestic environment are critical to 
long term success. 

It is the interplay of these four factors that 
determines eventual global positions. Porter's 
conceptual model, along with this paper's imple
mentation for information infrastructure issues 
is shown in Figure 11. Figure 11 also includes 
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overall ratings for the US, Europe as a whole,
and Japan. (A discussion of the relative state
of particular European countries follows.)
A five star rating means being the world leader;
fewer stars indicate various levels of relative
position. The logic behind these rankings is
shown below:

4.4.1. Fador Conditions

The close rankings suggest that no nation has
an overwhelming lead in this area. The edge
is given to the United States primarily because
of its strong cable TV infrastructure and high
rates of personal computer usage (see Figure I2).
The quality of the telephone infrastructures
is broadly comparable although large varia-
tions existence within the European Union
member states. The European edge in ISDN
capabilities could emerge as an important change
factor.

4.4.2. Related Industries

Here a substantial edge goes to the US, prin-
cipally due to its dominant position in manycom-
puter hardware, software, and networking fields.
The US also has a leadership position in many
entertainment areas. Japan's strength in con-
sumer electronics is an important long term re-
source, but given the current PC-centric nature
o f to day's in fo rmation in frastru ctu re. traditional
consumer electronics strengths are not easily
leveraged. Of the related fields cited, Europe
is strongest in telecommunication, particularly
in wireless devices centering around the GSM
standard, and overall ISDN experience. Near
term European vendor successes are likely to
stem from these and related areas.

Europe Japan

4.4.3. Demand Conditions

Again, the edge goes to the US, but the main
story is the big gap between the US and Europe
on the one hand and Japan on the other. In the
business segment, US and European customer
sophistication is broadly comparable. However,
in the consumer segment, US customer familiar-
ity with both PCs and on-line services is sig-
nificantly deeper than the European average.
This average masks great variations, particularly
the world class experience and dynamics in much
of Northern Europe, particularly the Nordic
countries.

Figure 12
Personal Computers
per Capita*,
r994

* Figure derived by dividing
total installed base of PCs
by total population
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4.4.4. Domestic Rivalry 

In this critical area, the US again has the lead 
over both Japan and the European average, 
although countries such as the UK approximate 
the US position. The US not only has vigorous 
long distance competition, it also has many years 
experience with competing on-line computer 
service firms that are unmatched elsewhere. To 
cite two obvious, but very important examples, 
US telephone rates and network access fees are 
generally the lowest in the world, and this has 
broad implications for the intensity of informa
tion infrastructure utilization. Competitive tele
phone and network access tariffs are essential if 
European competitiveness is to be improved. 

It should be noted that no country has fully 
solved these domestic rivalry issues. Even in the 
US, fierce debate continues over important but 
unresolved issues such as: creating local phone 
service competition, cross-ownership of phone, 
cable, wireless and media operations, cable and 
local phone rates, and others. Should Europe 
achieve some of the reforms sought by the 
Bangemann report and others, competitive gains 
could follow, particularly if the US reforms stall 
as looks increasingly likely. The fact that many 
US firms are now conducting experiments in the 
UK is further evidence of this possibility. 

4.5 Comparison 
of European Countries 

In the broadest terms, the readiness ofEuro
pean countries to move toward an advanced 
information infrastructure corresponds roughly 
to the familiar differences in wealth and pro
ductivitybetween the northern regions of the EU 
and its southern members. However, even within 
the wealthier countries, for a variety of historical 

The European Information Infrastructure 

and cultural reasons, significant differences do 
exist. Key country differences can often be de
fined along two dimensions: the quality of the 
existing infrastructure and progress toward a 
more competitive environment. Each is dis
cussed below. 

4.5.1. Physicallnfrastrudure 

There are a number of significant pan-Euro
pean trends: 

- ISDN coverage is being added rapidly to 
the infrastructure with targets of 70% to 
100% completion by 1996 in France Den
mark, and the UK; 70% in Germany; J7% in 
Italy, and 10% in Spain and the Netherlands. 
The acceptance ofEuro-ISDN should make 
these systems transparently interoperable. 

- At varying rates and from different starting 
points, European countries are stepping up 
their transition to digital circuits and fibre 
optic cables. In some countries (France, 
Germany's fibre optic Opal network in the 
eastern states) installation is well-advanced. 

- All over Europe, experiments are being 
carried forward to gain experience with ATM 
and other high-bandwidth technologies, 
operating at speeds up to the low hundreds of 
Mb/sec. Some installations are already func
tioning in a commercial mode; in most of 
these countries, initial large-scale implemen
tations are planned for 1995 and onwards. 

- Experiments regarding the technology, pro
gram content, and market response for 
advanced video and multimedia services are 
also being conducted. 

Significant country differences exist across a 
broad range of other criteria, including the num
ber of PCs per capita; the percentage of PCs 
already networked; the degree of digitization in 
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the current telecom infrastructure; progress with 
installation of fibre optics; the percentage of 
households served by cable or satellite TV; and 
experiments with multimedia or other inno
vations. Table 6 provides data on European 
personal computer use per capita. 

Weighing these factors is inherently difficult 
and subjective. Some countries are strong in 
cable, others in PCs, still others in use of ISDN 
or on-line services. Although there are clear 
differences between north and south, most of 
Northern Europe is roughly at parity. 

4.5.2. Regulatory and Competitive 
Environments 

Shaped in each country by specific business 
and political considerations, the members ofthe 
EU are moving at varying speeds towards more 
competitive environments for their information 
infrastructures. Some (Sweden, Denmark, Ger
many) are approaching genuine competition 
within the fairly near future; others (France, 
the Netherlands, Italy) follow more slowly. 
Examples of different telecommunications 
ownership patterns are shown in Table 7. 

The EU's commitment to end monopolies on 
basic voice services and telecommunications 
infrastructure in most countries by 1998 shows 
slow but steady progress. Momentum toward 
improved integration, coordination, and pro
gressive reforms, despite some setbacks, con
tinues to build. Consider the following: 

- The European IT and telecoms industries are 
broadening their perspectives and gaining 
capital through associations, partnerships, 
and investment with their counterparts from 
abroad. 

- Leaders of the European IT industry have 
shown their cohesion, far-sightedness, and 
willingness to address sensitive issues in a 
forthright manner through their work on the 
EU-initiated Bangemann report. They un
flinchingly recommended that investment in 

Switzerland 0.22 

Norway 0.19 

Denmark 0.17 

Sweden 0.16 

Netherlands 0.15 

United Kingdom 0.13 

Germany 0.12 

Finland 0.12 

Belgium 0.11 

France 0.10 

Austria 0.09 

Italy 0.07 

Spain 0.07 

*Figures calculated by dividing total installed base ofPCs 
by current country population 

DBPTelekom 100% state owned (Germany) 

France Telecom 100% state owned 

British Telecom publicly traded 

PTTTelecom 100% state owned (Netherlands) 

Swiss PTT 100% state owned 

Telefonica 34% state, 66% public (Spain) 

Stet 62% state owned (Italy) 

an advanced European information infra
structure be provided primarily from private 
sources, abandoning traditional habits of 
looking to the EC for grants and initiating 
Euro-centered development schemes such as 
HDTV that have often not succeeded. 

Table 6 
European Personal 
Computers per Capita~ 
1994 

Table 7 
Current Ownership 
Status of Selected 
Major European 
Telecom Operators 
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- The top political leadership of the EU has 
extended its approval to the key recommen
dations of the Bangemann report. 

Individual countries can be evaluated in 
terms of progress toward competition in tele
coms and related services: note was taken of par
tial or complete corporatization; competition in 
secondary markets like international calls and 
cellular telephony; specific plans and timing for 
addition of other competitors in basic services, 
and the intensity and complexity of regulatory 
regimes. Once again, many countries lumped 
fairly closely together because most are some
where on a continuum from initial stirrings of 
flexibility towards near term plans for fairly 
extensive competition. This time a four-tiered 
presentation seems warranted 

- First tier: UK- by far the furthest along. 

- Second tier: Sweden, Denmark, Finland, 
and Germany. 

- Third tier: Netherlands and France. 

Fourth tier: Southern Europe. 

Looking at the physical infrastructure and 
competitive climate together, there are clear cor
relations with national wealth. The gap between 
Northern and Southern Europe remains wide 
and is not closing. Consequently, the ideal of a 
uniform European infrastructure remains well 
off into the future. 

Except perhaps for Italy, both sets of rankings 
also emphasize the similarities among EU 
countries rather than dramatic distinctions. This 
suggests that countries that have achieved simi
lar levels of overall productivity and wealth do 
not have decisive advantages in information 
infrastructure that others cannot hope to equal 
before too long.Rathertheytend to approach the 
implementation of advanced information infra
structures from relatively equal starting-points. 

The European Information Infrastructure 

In other words, it is the current decisions and 
future actions that will shape the course of each 
country's and hence · Europe's information 
infrastructure. Decisions over the next few years 
will determine whether most ofEurope can close 
the infrastructure gap with the United States, or 
continues to lag behind. This assessment leads 
directly to the final sections on the role of 
government and the scenario for European 
progress over the rest of the decade. 

5. The Role of Government 

5.1. Possible Roles 

Given the importance of information infra
structure issues and the long history of govern
ment involvement in the telecommunications 
sector, it is inevitable that public policies play a 
key role in shaping the overall ICTenvironment. 
Among the current and possible roles of govern
ment: 

- sponsor of research and development; 

- investor in pilot projects, subsidization 
of test beds and other development efforts; 

- regulation of competition, tariffs, 
and standards; 

- protector of security, copyrights, and privacy; 

- maintenance of public decency in areas such 
as gambling and sexually explicit materials; 

- assurance of fairness, equity, 
and equal access; 

- a leading edge user demonstrating 
what can be done; 

- a promoter of technology through visible 
advocacy efforts; 

- a setter and arbiter of standards; 

- a guarantor of fair trade and laws between 
nations; 

- assumption of responsibility for global 
competitiveness. 
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• Global positioning 
• Regulatory climate 
• Seed money 
• Incentives 

1990 2000 

These and other roles have all been played at 
various times and in various countries particular
ly in the telecom sector. Governments around 
the world continue to debate whether and how 
these roles should relate to the ICT challenges 
ahead. No one answer has emerged or is likely 
to emerge. 

5.2. Changing Roles Over Time 

However, a useful organizing principle is to 
see the role of government evolving over time, 
with different priorities at different phases of 
industry development. This concept is shown in 
Figure 13. By using a standard S-curve analysis, 
government roles can be mapped into the three 
standard stages of industry development. 

• Equity, fairness 
• Access 
• Social welfare 

• Security 
• Privacy 
• Decency 
• Global issues 

Growth Maturity 

2020 

5.2.1. The Launch Phase 

During this period government policy is fo
cused on catalysing the desired developments. 
Appropriate actions include sponsoring projects 
with seed money, creating sufficient market 
incentives, understanding progress within other 
countries, and most importantly in this context 
getting the proper regulatory framework in place. 
It should also be noted that basic research and 
development sponsorship is generally associated 
with the pre-launch phase. 

Figure 13 
The Evolving Role 
of Government 
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5.2.2. The Growth Phase 

In terms of the information infrastructure, 
the growth phase will be characterized by chal
lenges typical of any new frontier without clear 
laws or enforcement. In particular, issues of 
security, privacy, and decency will need to be 
better understood and socially integrated once 
the mass deployment of new applications and 
services begin. Some issues such as copyright 
infringement will need to be coordinated on a 
global basis, while others such as privacy and 
decency will show considerable country variation. 

5.2.3. The Mature Phase 

Once pervasive networking begins to become 
a reality, it then becomes important to fully 
consider issues of equity, fairness and universal 
access, as well as the inevitable trade-offs be
tween free market development and overall 
social welfare. 

5.3. Implications for Action 

Although many ofthese issues will need to be 
discussed throughout the life cycle of informa
tion infrastructure development, their emphasis 
must vary over time. Perhaps the most obvious 
example is universal service. Consider the his
torical example of the telephone industry. If 
universal service had been required in the early 
years of that industry, the business might never 
have developed. 

Similarly, since personal computers are the 
key means of access to the information infra
structure, and since personal computers are still 
only in use by a relatively small proportion of the 
citizenry, it would be highly counter-productive 
to insist upon universal access at this stage of the 
industry's development. This message needs to 
be fully understood by both the political and re
gulatory regimes, and effectively communicated 
to the public in order to manage potential fears 
concerning the gap between those connected 
and those not. 

The European Information Infrastructure 

Perhaps a more subtle distinction is between 
issues in the launch and the growth phases. 
Should society wait until the rules of copyrights, 
privacy, etc. are fully written and understood, it 
would also greatly inhibit pervasive develop
ment. However, since the industry is just now en
tering the high growth phase, discussion of and 
progress on these issues will be critical to avoid 
intolerable levels of conflict and uncertainty. In 
the end, it is the experience of the launch phase 
that provide much of the knowledge and judg
ment to write the new rules required. 

Thus, the role of government is necessarily 
far more complex than simple discussions of 
market vs. monopolistic philosophies. The 
challenges ahead represent a real opportunity 
for governments to demonstrate their ability 
to assist the private sector through a major 
economic and social transition. It is also an area 
that allows for national experimentation and 
diversity, while providing an environment that 
although competitive can be cooperative, with 
governments learning much from each other 
over time. Since the right policies and programs 
can be difficult to know, governments must keep 
a flexible and open attitude toward develop
mental issues. In short, it will probably prove 
better to err by being too open, than to allow 
uncertainties to paralyse the decision-making 
process. 

6. Prospects for an Advanced 
Information Infrastructure in Europe 

The final section of this paper focuses on 
what can be done to assure and accelerate Euro
pean movement toward an advanced informa
tion infrastructure. Six areas are focused on: 
political/regulatory issues, competitive pricing, 
necessary funding, proliferation of personal 
computers, adherence and use of standards, and 
the role of industry. 
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6.1. The Political Dimension 

At their meeting at Corfu on June 24 and 25, 
1994, the prime ministers of the EU member 
states, meeting as the European Council, de
clared in a final communique that "the current 
unprecedented technological revolution in the 
area of information opens up vast possibilities 
for human progress, employment, and the qual
ity of life, while simultaneously representing a 
major challenge". 

"It is primarily up to the private sector to 
respond to this challenge, by evaluating what is at 
stake and taking the necessary initiatives, notably 
in the matter of financing." 

"The European Council, like the Commis
sion, considers that the Community and its 
Member States do, however, have an important 
role to play in backing up this development by 
giving political impetus, creating a clear and 
stable regulatory framework (notably as regards 
access to markets, compatibility between net
works, intellectual property rights, data protec
tion and copyright) and setting an example in 
areas which come under their aegis." 

This statement was stimulated by a report 
prepared by a committee of industry leaders, 
chaired by the EU's Commissioner for Industry, 
Martin Bangemann. The communique approved 
by the prime ministers endorsed "in general" 
the Bangemann group's recommendations for 
priority applications that the EU should begin to 
implement. 

To accomplish this, the European Commis
sion established a precise programme for actions 
in the field of the information society. This 
framework is published in the communication 
"Europe's way to the Information Society. An 
Action Plan" of July 1994. 

The Communication constitutes a frame
work within which a series of policies will bear
ticulated and more specialized Communications 
will be released. The following four priority areas 
considered necessary and highly complementary 
to one another. 

i. The adaption of the regulatory 
and legal framework 

To safeguard the free circulation of services 
and guarantee a level playing field, measures in 
the following areas are indicated. 

- infrastructure liberalization; 

- establishment of an authority at European 
level; 

- standardization ; 

- network interconnection and inter-
operability of services and applications; 

- tariff adjustment; 

- financing of universal service; 

- promotion of an open, competitive 
and integrated worldwide information 
infrastructure ; 

- intellectual property rights; 

- privacy; 

- electronic protection, legal protection 
and security; 

- media ownership; 

- competition; 

- content of audiovisual services. 

ii. Networks, basic services, applications 
and content 

The Commission will help bring concerned 
parties together in order to stimulate partner
ships and the launch of new concrete initiatives 
in the areas of networks, services, applications 
and content. The private sector will take the lead
ing role in the implementation of the initiatives. 
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iii. The comprehension and mastering 
of the social, societal and cultural impad 

The Commission intends to set up a High 
Level Group of Experts advising on key 
problems and proposed measures. The following 
issues are given priority: 

- employment and the working environment; 

- societal aspects; 

- cultural aspects; 

- linguistic issues. 

iv. The effort of promotion 
of the information society 

Information activities will target the Euro
pean citizen and be aimed at raising general 
awareness of the emerging information society. 
A number of campaigns will be carried out by the 
Commission, including "information days" and 
multimedia demonstrations, a conference on the 
global information society, and the production of 
materials for distribution to the general public. 

In consideration of the importance of the 
information society a joint meeting of the indus
try and the Telecom Council took place on Sep
tember 28, 1994. The Council took note of the 
communication from the Commission and 
underlined the importance of setting up the 
regulatory and the legal framework to allow 
commercial operators to make the necessary 
investments for the information society. 

At the following meeting of November 17, 
1994, the Telecommunication Council has 
adopted a resolution providing for the liberaliza
tion of telecommunication infrastructures by 
January 1, 1998. This is the same deadline pro
vided for the liberalization of telecommunica
tion services. The countries benefiting from 
5 years delay for the liberalization of voice tele
phony (Spain, Portugal, Greece, and Ireland) will 
have the same timetable for the liberalization of 
infrastructure. Luxembourg will benefit by two 
years delay only. 

The European Information Infrastructure 

The establishment of a final liberalization 
target having a precise timetable represents an 
important step forward since it marks the com
mon commitment to the adoption of infra
structure liberalization. 

Consequently, the key messages from the 
European Community, the European Council, and 
the Bangemann report are now all in harmony, 
and this broad, if admittedly high-level, con
sensus is an important step forward. However, it 
is clear that the effective implementation of 
these guidelines will be the real test and challenge. 
The potential for a continued gap between 
rhetoric and reality must be avoided. The time
table must be maintained in order to demon
strate commitment and maintain credibility. 

6.2. Pricing 

Monopoly telecoms carriers have tended to 
charge high tariffs (the telecom term for prices). 
These prices stem from high costs, due to over
staffing, lax management, and other inefficien
cies. This remains true in most of Europe, 
although telecom companies in the UK and else
where have raised efficiency and improved the 
quality of service greatly in comparison with the 
not so distant past. 

A strong incentive to more aggressive pricing 
stems from the fact that carriers in more compe
titive environments have discovered that lower 
tariffs do increase demand, force cost-cutting, 
and can in fact result in higher revenues and 
profits. The Bangemann report emphasizes this 
point, declaring that "Reduction in international, 
long distance, and leased line tariffs will trigger 
expansion in the usage of infrastructures, gen
erating additional revenues, and simultaneously 
giving a major boost to generic services and 
innovative applications". 
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Despite these positive sentiments, the reality 
is that European telecom pricing for most tra
ditional and emerging services is among the 
world's highest, certainly much higher than in 
the United States. This is one of the single biggest 
inhibitors of greatly increased network util
ization. The Bang em ann report and others have 
called for European rates to be comparable to 
other developed economies. Others suggest a 
more aggressive approach that calls for Europe 
to achieve price leadership, particularly in 
strategic areas such as ISDN rates, equipment, 
and installation and access charges. 

In addition to lower prices, fundamental 
principles of pricing also need to be rethought. 
Telecom companies have traditionally priced 
services based on time and distance criteria. 
However, the present-day economics oftelecom 
networks have made distance a minor considera
tion once a connection is established. 

Internet administrators have adhered to a 
different, simpler philosophy. No attempt is 
made to keep track of the duration and destina
tion of messages. Costs are covered by flat-rate 
subscription fees assessed by local network pro
viders.As more small businesses and individuals 
have sought to be connected, they have done so 
through entrepreneurial value-added companies 
set up for that purpose. They do not charge tra
ditional tariffs, but depend upon monthly access 
fees and, usually, a relatively modest charge per 
hour. An e-mail from New York to California 
costs no more than sending one from one part of 
Manhattan to another. 

The simplicity of this solution and its impli
cations for global communications are worthy of 
consideration, particularly in the context of pan
European network applications. The managers of 
a European-wide information infrastructure may 
well consider which of these two strategies - or, 
more likely, what combinations or compromises 
-would serve European goals most effectively. 

6.3. Funding 

The prime ministers' communique, the 
Bangemann recommendations, and the EU 
White Paper of December, 1993 that led to the 
creation of the Bangemann group all emphasize 
a crucial point: investment in advanced informa
tion infrastructures in Europe is to be provided 
primarily by the private sector. Is this a realistic 
expectation? How much would it cost? 

Even a rough estimate would depend upon 
the starting point, the objectives, and the rate at 
which those objectives are to be reached. Never
theless, some general considerations should be 
kept in mind: 

- The information highway is not a short-term, 
defined-conclusion project, like building a 
dam or the Channel tunnel, but will grow over 
many years, even decades. To continue these 
two analogies, it resembles more the water
use or the transportation network for an 
entire region. In short, it is a work in progress, 
and therefore requires dynamics that gen
erate continuous funds for re-investment as 
opposed to one-off financial injections. 

- Especially for applications like messaging and 
data transactions that do not require high 
bandwidth, existing infrastructure in most 
countries is capable of coping with many 
important current requirements. Many more 
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demanding applications, especially most edu
cational requirements, can also be carried on 
with relatively limited additional investment. 
As noted earlier, upgrades already planned, 
and in many cases already in the budgets of 
telecom operators- especially the widespread 
implementation of ISDN - will satisfy the 
requirements of these applications even 
more effectively. 

- An advanced high-quality video infrastruc
ture would require very high levels of invest
ment. These funds can be raised through the 
private sector as has been done in those coun
tries with dynamic cable television indus
tries. In virtually all cases, these investments 
were justified on the grounds of selling new 
entertainment services. Once the cable 
infrastructure came into place, it began to be 
considered for other business, consumer, and 
educational applications. But it is important 
to understand that entertainment services 
provided the critical initial incentives. 

6.4. Proliferation of 
Personal Computers 

As has been stated several times in this 
chapter, for at least the rest of this decade the 
personal computer will be dominant means of 
connecting to the world of on-line services and 
capabilities. It has also been pointed out that 
most information services need to achieve cer
tain levels of critical mass before they can reach 
their full potential. 

Consequently, it is clear that increased util
ization of personal computers could greatly stim
ulate the evolution ofthe desired infrastructure 
and related services. As shown in a previous 
chart, all European countries trail behind the 
United States in this important areas; most trail 
substantially. 

The European lnj01mation Infrastructure 

Since the personal computer industry exists 
outside the realm of traditional regulatory 
structures, this is an area that has not received 
sufficient bureaucratic and media attention. 
However, there are real reasons why personal 
computer usage is Europe has generally lagged. 
Among the main ones: 

- Prices for personal computer hardware and 
software have historically been considerably 
higher in Europe than in the United States or 
the Far East, although progress is being 
made. Additionally, the prices of on-line 
services and telecommunications have also 
been higher. 

- Europe's high linguistic diversity has made 
software markets less attractive by creating 
the need for local language versions. This 
has delayed some product releases and 
eliminated others. 

- Personal computer usage in all levels of 
education is at relatively low levels. 

- Social trends such as working at home and 
two-worker families have been more pro
nounced in the US than for the European 
average, creating more interest in home 
computing for work applications. 

It is not immediately obvious what policy 
makers can or should do about some of these 
issues, but unless progress is made, other aspects 
of infrastructure development will almost cer
tainly be slowed. The lack of attention on this key 
aspect is a cause of concern. Creative, aggressive 
programs to increase personal computer use 
would be beneficial. 
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6.5. The Role of Standards 

Standards for data communications have 
matured and settled down in recent years. The 
procedures and requirements of international 
standards bodies, once cumbersome and slow, 
have been streamlined.Nevertheless,most parti
cipants in the standards-setting process advocate 
further improvements. 

Problems also arise in the adoption and mo
dification of standards. The history of not-quite
standard ISDN in Europe has had unfortunate 
consequences. Euro-ISDN, adhering to a com
mon standard, is now beginning to reduce this 
damage .In related fields,like high-definition TV, 
Europe has staked its future on European solu
tions that led only to financial loss and techno
logical disappointment. The entry and broad 
acceptance ofTCP liP while Europe focused on 
the advantages of OSI is another example. 

The Bangemann report takes a strong 
position on standardization. It recommends "a 
review of the European standardization process 
in order to increase its speed and responsiveness 
to markets". Specifically, the report recommends 
the procedure followed in the development of 
the GSM cellular standard: industry, telecoms 
companies, and users drew up a memorandum of 
understanding that established specifications in 
terms of actual applications. Preliminary agree
ments like this can then be a foundation for the 
work of standards bodies. 

Europe can use true, established, interoper
able standards to its competitive advantage. The 
ISDN case is again instructive. If Europe can 
establish a leadership position in current ISDN 
usage, it then can take the lead in driving future 
ISDN evolution such as broadband ISDN. This 
leadership position can have great value for both 
customers and suppliers alike. Similar potential 
exists within the world of the Internet as its 
success leads to the need to evolve standards to 
support greater numbers of users and new appli
cation requirements. GSM represents another 
excellent example. 

6.6. The Role of Industry 

One of the common themes of the modern 
economy is the tight correlation between sophis
ticated customers and capable state-of-the-art 
suppliers. The best plans and policies of even the 
most forward thinking ministries will mean little 
unless they are deployed in conjunction with a 
robust set of vendors ready to exploit them. 

In an increasingly global market, these 
suppliers do not necessarily have to be European 
owned firms, especially in commodity sectors 
such as personal computers and related periph
erals. However, in advanced technology sectors, 
tight synergy between customers, suppliers, and 
ministries can be critical in establishing or 
maintaining global leadership. 

During the 1970s and 1980s, the major Euro
pean computer firms lost considerable market 
share, mostly to American competitors. Euro
pean telecommunications firms have fared 
better and are world class players in many market 
segments. The development of advanced and 
highly competitive information infrastructures 
is critical to these vendors' continued success. 
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However, during a time of great change and 
opportunity, supplier attention should be 
focused ahead. The history of the ICT industry 
suggests strongly that major waves oftechnology 
change are generally associated with major 
changes in supplier leadership. The ICT industry 
is now at the beginning of one of these great 
wave.s. There is little reason to think the changes 
in this period will be any less dramatic than they 
have been in the past. 

As information infrastructures mature, ICT 
industry emphasis will increasingly shift toward 
information content. There is no reason why 
Europe with its high education levels and rich 
history in music, art, and culture cannot become 
a major player in this emerging multimedia
media software market. In Europe as well as 
around the world much ofthe software creativity 
will come from small teams and individuals. One 
of the goals of the information infrastructure is 
to ensure that these future leaders have the tools 
needed to compete. 

6.7. Conclusion 

The preceding paragraphs describe the 
scenario for a European resurgence. The political 
support needed to open competition and lower 
tariffs has coalesced; the European telecommu
nications structure is world class and could be 
quickly leveraged for most non-video applica
tions. If personal computer use becomes more 
pervasive, a critical mass of connectivity could re
sult. This would result in an explosion of innova
tive business, consumer, educational, and public 
sector applications that would greatly increase 
network utilization, further lowering costs, and 
justifying continued private sector investment. 
Therein lies the potential for a powerful virtuous 
circle capable of driving an advanced European 
economy. 

The European Information Infrastructure 

But in order to set these forces in motion a 
process of sustained reform is required; compe
tition must be encouraged, prices lowered, and 
an entrepreneurial culture fostered. As Europe's 
global competitors are not standing still, de
cisions must be made at market speeds, with 
rhetoric not exceeding reality. Given sufficient 
commitment and will, all of this possible. The 
great question for next few years is whether 
today's Europe is truly ready to accept the 
changes necessary to take a leadership position 
in the 21st century world economy. 
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The Home and the Small Office/Home Office 
Markets for IT in Europe 
The Importance of Information Highways 

This paper has been provided by INTECO 
Corporation in close cooperation with the EITO 
Task Force. 

1. General Overview 

This report examines a number of current 
and future markets for IT in Western Europe. 
It focuses initially on the well-established small 
office/home office (SOHO - see definition in 
Section 2.1) area, one of the few European IT 
business opportunities which is still growing 
at more than 10% per annum. It examines the 
demographic structure and the current and fore
cast size of the market (with details of the five 
largest country markets - France, Germany 
(West), Italy, Spain and the UK), looks at 
channels of distribution and discusses both 
drivers and inhibitors to market success. 

The second part of the report analyses the 
European home IT market in its totality, includ
ing the nascent consumer PC market (for games, 
education, work brought home, household 
administration, etc.), teleworking and the home 
office. Demographics, market sizes (including 
details of the four largest country markets -
France, Germany (West), Italy and the UK), 
channels to the home, applications and motiva
tors/inhibitors are again presented. 

Two final sections discuss the emergence of 
the interactive home. Section 4 examines the 
success currently experienced by CD-ROM 
based titles for the home in Europe and how this 
market will expand to generate significant busi
ness over the next five years. Section 5 explores 
the future of the interactive home and its use of 

the information highway for video-on-demand, 
on-line services and home shopping. The rapidly 
developing US model is compared with a slower 
take-up rate in Europe. 

The key conclusions of the report are as 
follows: 

- Although vendors have been supplying IT 
equipment and services to small businesses 
in Europe for more than two decades, less 
than 30% of them have purchased any. 

- Shipments of computer equipment and soft
ware to the European SOHO market totalled 
19 billion ECU in 1994, an increase of nearly 
13% over 1993. 

- Italy has the most small companies with 
fewer than 20 employees (2.7 million) of any 
European country and the most people work
ing in them (7.2 million). 

- Germany (West) hosts the largest number 
of home office workers with 4.3 million, 
followed by the UK with 3.3 million. 

- The SOHO market is now a significant buyer 
of PCs, accounting for 25% of all European 
PC purchases in 1994. Even so, only 24% of 
small offices and 22% of home offices use 
PCs. 

- Over 20% of the European working popula
tion work at home during normal business 
hours - 13% do so on a regular basis. 



Part Two · EITO 95 

- People still see little advantage to working at 
home. The increase in home working by the 
year 2004 will be due to "push" by employers 
through staff downsizing and employee dis
persion programmes. Little or no change is 
anticipated by those able to make decisions 
for themselves, that is, the self-employed 
who do not currently work at home. 

- Over the next ten years the number of home
office workers is expected to increase by over 
3% p. a. in the US, compared with 2% p. a. in 
Europe.By2004, it is expected that 41 million 
people across the US and Europe will be 
working at home regularly compared with 
31 million today. 

- The main IT opportunities for employed 
home workers will be for: 

- office products: standalone facsimile, 
copiers and answering machines together 
with combinations of features designed 
specifically for home offices; 

- messaging services: voice mail, e-mail, 
centrex facilities; 

- personal computer hardware and software. 

- During the next five years, there will be little 
opportunity for high bandwidth telecommu
nications to extend the IT support infra
structure from enterprises to the home. It is 
much more likely that the existing 3.5 million 
employed home workers in the US who are 
knowledge workers, and the 5.5 million in 
Europe, will use PCs in batch mode with 
infrequent connectivity through standard 
dial-up services. 

- At present, the availability of new technology, 
new services, and improved cost effective
ness do not in themselves encourage cus
tomers to unlock their IT budgets. Success 
comes with the demonstration of tangible 
business benefits. Even for the home-office 
market, it is important to stress business ben
efits through group interaction, rather than 
concentrating on benefits for individuals. 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

- More than 50% ofPCs still reach SOHO sites 
through the traditional "dealer" route. These 
channel members provide full solution and 
support services on which small businesses 
rely. 

- The major factors driving IT into the SOHO 
market are the need to remain competitive 
with larger sites and the increased IT aware
ness and sophistication of newer entrepre
neurs. Inhibitors remain cost and lack of 
resources and time. 

- In Europe, there are more households (135 
million) and more people (365 million) than 
the 253 million people who occupy just under 
97 million US households. 

However, apart from TVs, European house
holds lag behind those in the US in their 
installation of electronic equipment. For 
example, 88% of US homes have VCRs 
and 35% have PCs, whereas the comparable 
figures for Europe are only 64% and 17%. 

- In 1994, Europeans spent 9.4 billion ECU 
on TVs and 8.5 billion ECU on PCs for the 
home. By 1998, expenditure on PCs (of 
14.5 billion ECU) will exceed that on TVs. By 
that time the home PC market will be larger 
than the combined market for VCRs, games 
consoles and home fax machines. 

- The total European home software market 
was 2.5 billion ECU in 1994 and is expected 
to grow to nearly 5 billion ECU by 1998. 

- Games and entertainment applications still 
head the list of the most used applications 
in Europe (74% of all home PCs run them 
regularly), while in the US both household 
activities and word-processing are more 
frequently used. 

- Software for business applications represents 
40% of the value of all home software pur
chases but this is expected to drop to only25% 
by 1998. 
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- Home-PC buyers throughout Europe rely on 
a wide range of information sources regard
ing their PC purchases. The most important 
are PC magazines ( 49%), manufacturers' 
brochures ( 42%) and store visits & friends 
(both 30%). 

- Of the six million PCs shipped to European 
homes in 1994, nearly three quarters were 
supplied by channels which have emerged or 
evolved over the last five years primarily to 
serve this market. 

- The major motivators ofhome-PC purchases 
are exposure to PCs at work and aspirations 
for children. Cost will continue to be the 
major inhibitor- as a result, low income and 
retired households will remain outside of 
the technology arena until well into the next 
century. 

- The emergence of the interactive digital 
home in Europe over the next few years will 
be based on the explosive growth in the 
installed base of CD-ROM drives attached 
to home PCs and the purchase of interactive 
CD titles for the home. It will not result from 
connection to any communication lines to 
the household (as will be the case in the US). 

- European consumers, who spent only 17 mil
lion ECU on CD titles throughout 1993, paid 
more than 17 million ECU in the month of 
December 1994 alone. By 1998, this market 
will be worth 4.7 billion ECU annually. 

- Towards the end of this decade, true "infor
mation highway" applications for the home 
and large markets will just begin to develop. 
Areas such as video-on-demand, home 
shopping and on-line services, which are all 
projected to be multi-billion ECU markets 
in the US within the next few years, will still 
be in their infancy as Europe moves into 
the twenty-first century. 

2. The SOHO (Small Office/ 
Home Office) Market 

2.1. One of the Main 
IT Market Growth Areas 

As most business markets for IT approach or, 
indeed, stagnate in maturity, there remain few 
high-growth areas of opportunity. The double
digit percentage increases ofthe 70s and 80s have 
plummeted to low single figures and in some 
cases turned negative. With the exception of 
multimedia and server/network markets in the 
medium and large enterprise arena, this tradi
tional domain of IT vendors remains a sluggish 
market as replacement and upgrade products, at 
ever lower price points, provide the major source 
of revenue. 

It is not surprising, therefore, that vendors 
have turned to the one major unsaturated busi
ness market in Europe, that of the small office 
and home office. In 1994, less than one quarter 
of all small offices in Europe have installed any 
computer equipment, and even home-office 
penetration has yet to reach 30% in any European 
country. This business opportunity, often re
ferred to as the SOHO market, was worth 19 bil
lion ECU in 1994 (15% of the total European IT 
market), and has a number of attractive features. 

Definition: The SOHO market 

The SOHO (Small Office/Home Office) 
market is defined to include all sites which 
are not part of a larger enterprise or company 
and where fewer than 20 employees work 
regularly (at least one day a week). Business 
sites with fewer than 20 workers which are 
companies in their own right are often re
ferred to as small offices or small companies 
or small businesses. (Educational sites are 
excluded from this category.) Home offices 
are usually not legal entities (businesses) 
and are located in a household where some
one regularly works at least one day a week. 
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- A large part (70% or more) of the SOHO 
universe is still unpenetrated with IT hard
ware and software. 

- Falling prices coupled with enhanced 
features have encouraged offices which have 
already installed IT to add further capability 
and to consider replacing older equipment. 

- Most importantly, the potential SOHO 
market is one of the few economic entities 
which is expanding in these times of cor
porate downsizing and re-engineering. 

Most of this growth is coming from enter-
prising individuals who, through voluntary or 
forced redundancy from large organizations, 
have decided to set up their own small com
panies, often in a professional field, or to work as 
self-employed individuals from homes or on-site 
as subcontractors to other organizations. This 
has resulted in the creation of many new business 
entities and potential buying points for IT prod
ucts and services. 

2.1. 1. IT Vendors Must Define 
a New Approach to Capture Information 
about this Market 

These global trends can be traced through 
field research in Europe and the US. Because 
of the large number of sites involved, even in 
smaller countries, the best method of monitoring 
developments in the SOHO marketplace is to 
interview individuals in their own homes regard
ing activities at their place of work. In many 
cases, even the most successful suppliers to this 
burgeoning market are unable to glean much 
direct information from their customer base 
because most products move through secondary 
channels to the business end-user. 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

Voluntary return of warranty cards to the 
manufacturer yields little and, certainly, non
representative, non-projectable data. This is 
especially true in Europe where the onus of the 
warranty is more often with the reseller and 
where maintenance contracts, when taken up, 
are usually with third parties. 

However, a detailed understanding of the 
demographics of the SOHO market, coupled 
with extensive end-user research to determine 
where and how they work with IT, creates an 
accurate picture of the size and dynamics of this 
opportunity. 

In 1994, the SOHO market continued to grow 
faster in Europe than in the US at just under 13% 
in end-user value per annum. About 25% of all 
PCs bought in Europe (ranging from a low of 
16% in the UK to more than 40% in Italy) were 
installed in this market segment which is sup-• plied mainly by traditional PC dealers, retailers 
and through direct advertising in journals, mag a
zines, newspapers and catalogues. 

Small offices and home offices are buying 
bundled application solutions for their business, 
as well as powerful stand-alone desktop PCs for 
individuals involved in professional and techni
cal functions. In very small offices of between 
one and four workers a single PC often performs 
both functions. 

Users are choosing equipment based upon 
stability of hardware and software, ease of use, 
and cost-effective hardware implementation. 
Because ofthe large number of sub-industries in 
which these businesses are found there is a need 
for a wide range of vertical market applications. 
This demand is being met by small developers 
working primarily in the Windows environment, 
but in specialist market niches, in which the 
Macintosh (particularly the Power Book) has also 
found ready acceptance. 
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2. 1.2. Information Highway 
Less Important to SOHO than 
the Home Consumer Market 

Unlike the consumer-based home market 
which will be the major player on the information 
highway by the turn of the century, the SOHO 
market will generate only a small proportion of 
the traffic by that time. Small offices have little 
need to connect to the information highway un
less they have specific requirements for on-line 
service information (or are a provider of on-line 
services themselves) or want to communicate 
via e-mail over the Internet. Most, however, will 
continue to opt for the fax route. 

Where teleworkers, for example, need to 
communicate with or move data to or from an 
office the simplest approach will continue to be 
using dial-up telephone lines with a modem. The 
vast majority ofSOHO sites are unlikely to need 
special networks or high bandwidth facilities. 

2.2. Demographics of the 
SOHO Market 

In Europe, there are 25 million business sites 
with fewer than 20 employees which have already 
installed computers or are potential locations for 
such equipment (although many educational 
institutions are of this size they have been ex
cluded from the current discussion). Of these 
25 million small sites, 18 million comprise the 
SOHO market. This is larger than the equivalent 
market in the US which comprises 15 million 
locations from a total 20 million small sites. 

Business sites with between 0 and 19 em
ployees can be either branches of larger com
panies or small companies (or self-employed 
locations) in their own right ("0 employee" sites 
are those where only "self-employed" people 
-usually a single individual- work and are often 
located in the home). The tables below show 
how these sites break down into their various 
components. Table 1 shows the number of sites 
with fewer than five workers; Table 2 includes 
the sites with between 5 and 19 workers. Table 3 is 
the sum of the previous two tables (i.e., business 
sites with fewer than 20 workers) while Table 4 
converts these sites to the number of people who 
actually wor~ there. 

Tables 5-8, incorporate the larger business 
sites (20 or more employees) so that the demo
graphics ofthe SOHO market can be put into per
spective with those of the total business market. 

SOHO sites can be further subdivided into 
Home Offices and Small Companies as shown 
in the next two lines of the tables. Professional 
Offices form an interesting subset of small com
panies since they are much more extensive users 
of PCs than, for example, small manufacturing 
companies or restaurants. Professional offices 
include small companies such as real estate, legal 
services, accounting services, DP services, con
sultancy, business services, etc. 

Definitions: 

"Total Sites"= "Branch Offices"+ 
"SOHO Sites"; 

"SOHO Sites"="Home Offices"+ 
"Small Companies"; 

and "Professional Offices" are a subset 
of"Small Companies". 



Table 1 
Business Sites with 
Fewer than 
5 Employees in 1994* 

Table 2 
Business Sites with 
Between 5 and 
19 Employees in 1994* 

Table 3 
Total Business Sites 
with Fewer than 
20 Employees in 1994* 

Table 4 
Total Workers at 
Business Sites 
with Fewer than 
20 Employees in 1994* 

*Note: Totals in these 
tables are rounded to 
three significant figures . 
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0-4 Employees 

Total Sites 

Branch Offices 

SOHO Sites 

Home Offices 

Small Companies 

Professional Offices 

5-19 Employees 

Total Sites 

Branch Offices 

SOHO Sites 

Home Offices 

Small Companies 

Professional Offices 

0-19 Employees 

Total Sites 

Branch Offices 

SOHO Sites 

Home Offices 

Small Companies 

Professional Offices 

0-19 Employees 

Total Sites 

Branch Offices 

SOHO Sites 

Home Offices 

Small Companies 

Professional Offices 

France GermanyfW) 

3,000,000 5,200,000 

214,000 352,000 

2,790,000 4,850,000 

2,100,000 3,600,000 

689,000 1,250,000 

80,600 115,900 

France Germany(W) 

372,000 517,000 

120,000 173,000 

252,000 344,000 

0 0 

252,000 344,000 

34,900 30,000 

France Germany (W) 

3,370,000 5,720,000 

334,000 525,000 

3,040,000 5,190,000 

2,100,000 3,600,000 

941,000 1,590,000 

116,000 146,000 

France Germany (W) 

7,750,000 12,100,000 

1,480,000 2,280,000 

61260,000 9,820,000 

2,730,000 4,320,000 

3,530,000 5,500,000 

463,000 490,000 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

Italy Spain UK 

4,500,000 1,500,000 2,940,000 

525,000 79,700 330,000 

3,980,000 1,400,000 2,610,000 

1,600,000 900,000 2,200,000 

2,380,000 500,000 412,000 

170,000 33,900 72,700 

Italy Spain UK 

425,000 139,000 401,000 

142,000 49,300 195,300 

283,000 89,700 206,000 

0 0 0 

283,000 89,700 206,000 

17,500 7,700 40,100 

Italy Spain UK 

4,930,000 1,620,000 3,340,000 

667,000 129,000 526,000 

4,260,000 1,490,000 2,820,000 

1,600,000 900,000 2,200,000 

2,660,000 590,000 618,000 

187,000 41,600 113,000 

Italy Spain UK 

11,500,000 3,590,000· 8,640,000 

2,360,000 660,000 2,580,000 

9,17{),000 2,930,000 6,060,000 

1,920,000 1,080,000 3,300,000 

7,250,000 1,850,000 2,760,000 

484,000 142,000 518,000 
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1994 France Germany (W) 

Total Business Sites 3,480,000 5,870,000 

Large Sites (20+ Employees) 110,000 156,000 

Small Branch Offices 334,000 525,000 

SOHO Sites 3,040,000 5,190,000 

1994 France Germany (W) 

Total Business Sites 24,600,000 30,300,000 

Large Sites (20+ Employees) 16,900,000 18,200,000 

Small Branch Offices 1,480,000 2,280,000 

SOHO Sites 6,260,000 9,820,000 

1994 France Germany (W) 

Total Business Sites 100% 100% 

Large Sites (20+ Employees) 3% 3% 

Small Branch Offices 10% 9% 

SOHO Sites 87% 88% 

1994 France Germany (W) 

Total Business Sites 100% 100% 

Large Sites (20+ Employees) 69% 60% 

Small Branch Offices 6% 8% 

SOHO Sites 25% 32% 

Italy Spain 

5,010,000 1,650,000 

87,800 34,150 

667,000 129,000 

4,260,000 1,490,-000 

Italy Spain 

24,000,000 16,400,000 

12,500,000 12,900,000 

2,360,000 660,000 

9,170,000 2,930,000 

Italy Spain 

100% 100% 

2% 2% 

13% 8% 

85% 90% 

Italy Spain 

100% 100% 

52% 78% 

10% 4% 

38% 18% 

UK 

3,490,000 

148,000 

526,000 

2,820,000 

UK 

28,100,000 

19,500,000 

2,580,000 

6,060,000 

UK 

100% 

4% 

150/o 

81% 

UK 

100% 

69% 

9% 

22% 

Table 5 
Total Business Sites 
of all Sizes in 1994* 

Table 6 
Total Workers at 
Business Sites 
ofall Sizes in 1994* 

Table 7 
Percentage of 
Business Sites 
of each Type in 1994 

Table 8 
Percentage ofWorkers 
at Business Sites 
of each Type in 1994 

* Note : Totals in these 
tables are rounded to 
three significant figures. 
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Total sites include both branch offices and 
SOHO sites. It is interesting to note the compo
sition differences across various countries 
(Table 3). For example, in the UK, which is 
dominated by multi-unit enterprises owning 
many small sites, the proportion oftotal business 
sites which are SOHO sites is smaller than that 
in Germany (West). The latter has about an equal 
number of branch offices (525,000) but many 
more small companies (1,590,000) than the 
UK (618,000). 

Definition: Home offices 

Home offices are households where 
someone regularly works at home between 
one and five days a week. It excludes those 
households where someone only occasion
ally works at home or where someone 
employed at another site brings work home 
to complete. 

Germany (West) has 3.6 million home offices 
while the UK and France have 2.2 million and 
2.1 million respectively. Italy, however, has the 
most small companies with 2.7 million, over a 
million more than Germany (West). The UK with 
just over 600,000 small companies has only 
marginally more than Spain. 

. In terms of SOHO sites (5.2 million) and 
number of SOHO workers (9.8 million) Ger
many (West) leads Italy, but the sheer size of 
both countries' markets explains the success 
historically of these two nations' indigenous 
computer vendors . 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

Germany (West) has the largest number of 
business sites of all sizes with nearly six million; 
Italy follows closely with just over five million 
sites. The UK and France have just under three 
and a half million each. With more than 30 mil
lion, Germany (West) also has the most workers, 
followed by the UK with 28 million and France 
and Italy with more than 24 million each. 

In terms of the distribution of business sites, 
over 80% of all business sites in the five major 
European countries are SOHO sites (Table 7), 
with Spain having the highest proportion (90%) 
and the UK the lowest (81%). Italy has the largest 
part of its workforce at SOHO sites with 38% of 
all workers there while Spain has the least with 
only 18%. About two thirds of all workers are 
employed at larger business sites (20 or more 
employees) across Europe with the UK and 
France having the most (69%). 

2.3. The Installed Base of Hardware 

The penetration achieved by IT equipment in 
SOHO sites differs considerably between small 
offices and home offices (Tables 9 and 10). At 
27%, German small offices are more occupied 
with PCs than in any other country, while only 
19% ofltalian sites have PCs. Italy and Spain also 
have the smallest occurrence of computers larger 
than a PC (5% and 4% respectively) probably 
because small offices there are skewed to the 
very small end of the spectrum as compared to 
the other countries. The UK has the largest aver
age number of workers per site and it therefore 
presents a better opportunity for larger systems
it already has the highest occupancy (12%) of 
larger systems of any country. 
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1994 France Germany(W) 

PCs 
'·,. 

24% 27% 

Networks 2% 2% 
.. 

Computer> PC . 10% 8% 

1994 France Germany (W) 

PCs 16% 29% 

Networks have made negligible inroads into 
the small-office environment. Although one 
quarter of all PCs are installed in small offices, 
less than 5% ofLANs are present there.This very 
low network penetration is found in all five coun
tries and much of this has been achieved in the 
last few years. Although many more offices share 
printers, they usually don't do it over a LAN, and 
to upgrade to a full network is often difficult 
because of lack of technically competent staff. 

2.4. Shipments to the SOHO Market 

Shipments of computer equipment and 
software to the European SOHO market totalled 
19 billionECU in 1994,an increase of nearly 13% 
over 1993. Of this, 13.5 billion ECU went to the 
five largest countries as shown in Table 11. In 
each case, PC shipments were the largest 
component representing 40% of the value. Soft
ware was the next largest component, followed 
by servers and larger computers (mid-range 
systems) which until 1992 formed the largest 
single component of IT expenditure in small 
companies. 

Because of the size and limited budgets at 
SOHO sites (particularly home offices), network 
revenue is still a negligible portion of IT expen
diture here. The German network operating 
system market (at only 13 million ECU in 1994) 

Italy Spain UK 

19% ·24% · 25% 

<.1% .·· 1% 5% 

5% 4% 12% 
.. 

Italy Spain UK 

22% 18% 21% 

was less than 1% of the total expenditure on all 
software, and this pattern is consistent across all 
countries in Europe. 

~ Definitions: 

Tables 11 and 12 contain market values 
of various IT products shipped to the SOHO 
market. The values stated are the total 
amounts spent by users and are therefore 
larger than the sales of manufacturers, most 
ofwhose products move through third par
ties to the end-user base. PCs are systems 
selling for less than 12,800 ECU and their 
value also includes the value of peripherals 
purchased (but not network cabling). Network 
OS is the end-user expenditure on network 
operating systems, both server-based and 
peer-to-peer. It does not include any hard
ware value. Computer> PC refers to all 
shipped computers which have a value 
greater than 12,800 ECU and includes, work
stations, servers and midrange systems. 
Software is the total amount spent by end
users for any software packages which were 
not bundled within hardware prices and for 
any custom software development by outside 
sources. 

Table 9 
Percentage ofSmall 
Offices Occupied 
with IT Equipment 
in 1994 

Table 10 
Percentage ofHome 
Offices Occupied 
with PCs in 1994 



Table 11 
Shipped Value 
(Million ECU) 
to the SOHO Markel 
in 1994* 

Table 12 
Shipped Value 
(Million ECU) 
to the SOHO Market 
in 1998* 

* 1\'ote : Totals in th ese 
tabl es arc rounde d to 
three s igni tlc ant figure s . 

Table 13 
Percentage Breakdown 
ofExpenditure on 
Business So.fhvare 
Applications in 1994 
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1994 France Germany (W) 

PCs 1,050 2,100 

Networks OS 7 13 

Computer> PC 884 1,400 

Software 874 1,560 

Total Value 2,820 5,070 

1998 France Germany (W) 

PCs 1,860 3,630 

Networks OS 38 68 

Computer> PC 899 1,470 

Software 1,410 2,530 

Total Value 4,210 7,700 

1994 Small Home 
Office Office 

Accounting and Administration 14% 28% 

Personal Productivity 20% 23% 

Training 3% 18% 

Operating Systems/Data Base/ 
Utilities 28% 15% 

Industry Specific 18% 11% 

Scientific 17% 5% 

By 1998, the total European SOHO market 
will grow to 27 billion ECU with 20 billion ECU 
being spent in the big five countries (Table 1 2). 
This business opportunity is expanding at nearly 
11 % CAGR over the next four years. PCs will 
remain the largest element of shipped value, 
but software will grow rapidly to almost the same 
size by the end of the forecast period. 

The Home and the Small Ojjice!Home O.fjice 
Marke!s for IT in Europe 

Italy Spain UK 

760 427 1,190 

9 4 6 

400 141 948 

450 268 959 

1,620 840 3,100 

Italy Spain UK 

1,120 617 1,740 

55 26 34 

480 186 988 

760 370 1,480 

2,420 1,200 4,240 

Towards the end of the 1990s, spending on 
systems larger than PCs will reach more than 
50% on servers with the balance being on work
stations and larger host-based systems. Even so, 
the revenue from network operating systems in 
this market will remain a very small percentage of 
total software spending, although the growth in 
this segment will be at more than 50% per year 
over the four year period. 

2.5. Business Applications 

In 1994, users in European SOHO sites spent 
about six billion ECU on all types ofsoftware and 
applications development for business use. This 
is expected to grow to just under 10 billion ECU 
by 1998 as occupancy of the markets continues 
to enlarge. Applications in the SOHO arena 
generally reflect those in the small business 
market as modified by the large proportion of 
PCs. This is highlighted by the size and range of 
industry-specific vertical market software which 
is often found in very small niche markets. 
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The mix of expenditure on applications dif
fers more between the two components of the 
SOHO market than among countries. Table 13 
depicts the compositions. 

Most business-applications purchases for the 
home office are in the areas of accounting and 
administration (where applications such as pay
roll, order entry, invoicing, financial analysis and 
sales statistics are run) and personal productivity 
(where word-processing predominates). "Home
office"PCs are also used formanyotherpurposes 
outside ofbusiness hours activities, such as edu
cation and children's games. Industry-specific 
applications when combined with "scientific" 
ones (which are also usually vertical market 
oriented), training and the broad area of oper
ating systems/data base/utilities all account for 
roughly 15%-18% of the balance. 

Definitions: 

In Table 13 the category Operating systems! 
Data bases/Utilities includes expenditure 
on all non bundled software of this type 
including compilers and any application 
development tools, although the majority 
of this spending in 1994 was for upgrading 
operating systems. Personal productivity 
includes word processing, spreadsheet, 
project management, desktop publishing, 
presentation/graphics, etc. Industry specific 
applications are very often focused on very 
small vertical markets and concern core 
activities in given industry subsectors. 
Scientific includes design, technical, 
statistical, modelling and other scientific 
applications which are again often very 
industry specific. Accounting and administra
tion applications are generally cross-industry 
and deal with financial and personnel 
matters. Training refers to any computer
based training software expenditure. 

Small offices demonstrate a much more even 
distribution of application spending. Here indus
try-specific and scientific together account for 
more than a third of all expenditure and the 14% 
spent on accounting and administration areas 
begins to mirror the patterns in medium and 
large companies. 

2.6. Home Working/Teleworking 

The increasing pace of business restructur
ing, catalysed by the global recession of the early 
1990s, is revolutionizing the way work is carried 
out. Larger enterprises have already downsized 
of staff numbers, leading to an involuntary 
increase in the self-employed and those starting 
new ventures. 

Further changes are anticipated. Manage
ment see new options for reducing fixed costs 
through the physical dispersion of many em
ployees. The creation of teleworking pro
grammes (requiring staff to work at home regu
larly), new satellite locations and telecentres, and 
the creation of hot-desking offices are all being 
given careful consideration in the boardroom. 

This new phase of change in the way business 
is conducted is made possible through the in
crease in computer literacy and the development 
of a telecommunications infrastructure capable 
of supporting comprehensive networking, multi
media applications and increasingly sophisti
cated mobile computing. 

Downsizing of staff numbers as well as dis
persion of the remaining staff potentially opens 
up new opportunities for IT products and serv
ices. Suppliers have already directed marketing 
programmes at the IT departments oflarge enter
prises which will have to support the new gen
eration ofteleworkers. These are usually"knowl
edge workers" also. 



Part Two· EITO 95 

- Telcos are promoting bandwidth-consuming 
applications, such as video-conferencing and 
ISDN links to the home. Those working 
from home are now being hailed as a driving 
force for the proliferation of ISDN. 

- Suppliers of client/server and data-commu
nications hardware and software now stress 
suitability for home workers. 

- Chip suppliers are promoting high-per
formance processors for home-use multi
media applications. 

Definitions: 

Home-office worker: an individual (self
employed or employed) working at home 1-5 
days per week during normal business hours. 

Te/eworker: an employed individual 
working at home 1-5 days per week during 
normal business hours with equipment 
at home used to support business data 
communications. 

Occasional home worker: an individual 
who works at home during normal business 
hours less than one day per week. 

Knowledge workers: professionals, 
managers, technicians. 

2.6. 1. Regular and Occasional 
Home Workers 

Over 20% of the working population in both 
the US and Europe work at home during normal 
business hours (Figure 1). There are differences 
between the four largest countries in Europe: the 
UK has the highest proportion of individuals 
working at home (25%) and Italy the lowest 
(14%). 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

People working at home can be categorized 
into: 

- Home-off.ice workers: individuals working 
at home "regularly" (1-5 days/week) during 
normal business hours. About 11% of all 
workers in the US (14 million) and 13% of 
all workers in Europe (17 million) fall into 
this category. 

- Occasional home workers: those working 
at home less frequently than one day per 
week during business hours. These workers 
account for 13% (15 million) in the US and 8% 
(10 million) in Europe. Employed knowledge 
workers account for about one half of these 
individuals. 

2.6.2. Home Offices 

Working at home regularly requires a formal 
arrangement with an employer (for employed 
workers), allocation of physical space as well as 
provision of office support functions, such as 
message taking. For IT product and services 
suppliers there are two important groups of 
home-office workers: 

- Self-employed: there are eight million such 
individuals in the US and almost seven 
million in Europe. In addition to a range of 
e-mail and voice-mail services, and office 
products such as copiers and facsimile, the 
IT opportunity is largely based around a 
stand-alone PC. Accounting and tax records 
have to be kept in addition to applications 
associated with work itself. 

- Employed: there are six million employed 
individuals working at home regularly in the 
US and 11 million in Europe. About two 
thirds of those in the US and half of those in 
Europe are knowledge workers who will re
quire not only message services and office 
products but also adequate levels of PC con
nectivity in order to maintain productivity 
while working at home. 
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us Western Europe 
100% 

8 
%of the 3 

workforce 
13 Work at home 

occasionally 
2 

Expect they will 
work at home 

50% 

People who do not 

67 
think they will ever 

77 

0% ~------------~ 
Total: 123 million 

As telecommunications costs decline, 
switched wideband services gain extensive 
coverage, and new wired and wireless carrier 
technologies emerge, there will be opportunities 
for advanced network services if enterprises 
require their knowledge workers to participate in 
new teleworking programmes (requiring staff to 
work at home regularly, 1-5 days per week). 

2.6.3. Higher Expectations for Working 
at Home in the US than in Europe 

Workers in the US expect that an additional 
9% of all workers will work at home in the future, 
increasing by about 40% the total number 
who are at present regular or occasional home 
workers. The occupational profile of those 
workers who expect to work at home is similar 
to that of workers currently working at home 
occasionally- over 50% are knowledge workers. 

work at home 

Total: 129 million 

In Europe, only 2% of workers expect to join 
those currently working at home. This figure is 
consistently low across the self-employed and 
employed occupational types and is also low 
across countries within Europe. 

2.6.4. The Business Services Sedor 
Has Led the Way 

Individuals accustomed to working at home 
include sales staff, service workers and teachers. 
Segments of the workforce which have so far 
added to these numbers are largely: 

Figure 1 
Working at Home, 
1994 
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- Clerical occupations: 

- able to work in batch mode on PCs (for 
example, word-processing and data entry); 

- using relatively advanced telecommuni
cations with local databases (for example, 
telesales workers, inquiry and help desks); 

- knowledge workers in the business services 
sector, especially in real estate, insurance 
braking, legal and travel reservations. This 
includes many working for small enterprises. 

Most of these occupations can be regarded 
as having niche applications for home working 
which will gradually expand as IT price/per
formance continues to improve and higher band
width public network services become available 
at an acceptable cost. However, there is a limit 
to the number of such occupations and the self
employed who do not work at home already 
show no expectation of doing so. 

2.6.5. The Employers' View -
Polarizing Business Skills Will Determine 
the Future for Home Working 

Businesses are forced to respond to new 
circumstances quickly in order to remain com
petitive. The frequent changes to organizational 
structures, adjustment of the cost base of the 
business, reskilling and re-engineering are a 
feature of normal commercial activity. The 
tendency apparent in the first half of the 1990s, 
and likely to continue during the decade, is for 
businesses to: 

- Reduce fixed costs to levels which allow 
competitiveness on a global basis. This means 
continuing to reduce permanent employ
ment levels while increasing the outsourcing 
of non-core activities. 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

Restructure (re-engineer) the organization to 
catalyse new revenue-generating initiatives. 
Hierarchical, departmental structures are 
being replaced by flattened structures with 
dynamic, autonomous workgroups charged 
with meeting specific business objectives, 
particularly responsiveness to customers. 
Such groups are obliged to work in close 
collaboration. 

In enterprises which have restructured like 
this, white-collar occupations have tended to be 
polarized according to the level of integration 
of their function into the business: 

- functions which require relatively little inter
action and are natural candidates for out
sourcing; 

- strongly integrated, resource-intensive func
tions requiring close support from the IT 
infrastructure. 

During the rest of the decade, home working 
will most likely increase- but only among occu
pations which do not require the highest support 
levels of the corporation. Thus, knowledge 
workers requiring high levels of IT support are 
not candidates for working at home regularly. 
However, these workers may well be dispersed 
to other business sites as an alternative to large
scale home-working programmes. 

The timing of any significant increase in cor
porate home working will be affected by various 
other issues: 

- the management of large numbers of staff 
working at home and the long-term benefits 
and drawbacks for both employers and staff; 

- taxation and insurance issues; 

- responsibility for home IT expenditure and 
running costs. 
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2.6.6. Working at Home - Seen as an 
Opportunity by Legislators in Europe 

Unlike the US, legislators in Europe regard 
working at home as a way of increasing industrial 
competitiveness. 

At the meeting of the European Council 
in June 1994, heads of state endorsed a report 
entitled "Europe and the Information Society" 
prepared under the chairmanship of Martin 
Bangemann, E U Commissioner for Industry. The 
Bangemann Report contains recommendations 
for making EU member states more competitive 
through liberalization of the telecommuni
cations infrastructure. Ten applications, one of 
which is teleworking, have been identified as 
catalysts to help achieve this - and thus warrant 
support by governments. 

The EU has proposed targets for member 
states in order to promote teleworking (which 
implies home-office workers using data com
munications services). 

- Pilot teleworking centres in 20 cities by the 
end of1995 involving at least 20,000 workers; 

- 2% of white-collar workers to be teleworkers 
by 1996; 

- 10 million jobs associated with the provision 
ofteleworking by the year 2000. 

2.6.7. The Home Working Scenario 

Taking all these factors into account, there 
will clearly be significant differences between the 
US and Europe in the rate of increase in home 
working during the period 1994 to 2004. Em
ployees in the US have a much higher acceptance 
of the need to be adaptable, to be multi-skilled, 
to have careers with several employers - often 
simultaneously. In Europe, workers tend to look 
to governments to provide safety nets in times 
of rapid change. 

In the US, it is anticipated that the number 
of workers in home offices will increase by over 
3% p. a., compared with 2% p. a. in Europe.Bythe 
year 2004, it is expected that 41 million people 
across the US and Europe will be working at 
home regularly, compared with 31 million today 
(see Figure 2). 

2.6.8. Networking and the Home 

Much of the interest in the future IT oppor
tunity for home workers centres on the require
ment for enterprises to give extensive support 
to home workers through the availability of a 
wideband network services. 

In the US, the penetration of modems into 
households with workers and a PC is 32%, with 
slightly higher penetration in home offices. 
However, only two-thirds of the modems are in 
regular use. 

In half of all working households the modem 
is used for accessing computers at the workplace 
or for e-mail. On-line services are used in 16% of 
working households with a PC. Although there 
is a wide range of applications, even those most 
frequently used - for e-mail and downloading 
files - are at a relatively low level. In addition, 
some of the access to computers at the workplace 
is undoubtedly by individuals bringing work 
home out of normal business hours. 

Modem penetration in Europe is at half that 
in the US, ranging from 9% of households with 
workers in Italy to 20% in Germany (West). On
line services are used in 6% of working house
holds with a PC. 
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I
Figure 2
Home-ffice Workers
Scenario,
1994-2004

1994 t996.

I Self employed

I Employed home workers
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Total home offices
(millions)

US

8.40

Western Europe

t3.20

France Germany Italy UK

2.r0 3.60 1.60 2.20

Run business
tasks on PCs 2.42 3.22 0.39 0.82 0.41 0.67

Have a modem 0.87 0.55 0.07 0.20 0.04 0.11

Modem used for
business applications 0.41 0.05 0.15 0.03 0.09

Home offices with PC connectivitv

Figure 3
Home Offices
with Connectivity,
1994

Combining these factors gives the number
of communicating households in Figure 3. This
shows that there are 650,000 teleworking offices
in the US and 410,000 in Europe - more than a
third of the European ones are in Germany
(West).

2.7. SOHO User Buying Behaviour

In the vast majority of cases, a single pro-
prietor, with little or no IT experience, is central
to the buying process.The identification ofneeds
and supplier selection, however, is sometimes a
"group" decision: individuals, whatever their
function in the company, pool their knowledge
to make a decision.

Thus, multiple and wide-ranging information
sources are always used bySOHO organizations.
Companies which are experienced in buying,
particularly larger professional offices, tend to

have very specific information sources with only
a small amount of duplication. In addition,
SOHO companies use external contacts exten-
sively.

There are usually multiple sources of infor-
mation for buying and these vary depending
upon whether the prospective purchase is a PC
or a network/server or larger system. The sources
used are shown inTable 14.

There are four major sources of information
for buying PCs for the SOHO market. They are
outside consultants, PC magazines, manufac-
turers'brochures and friends.In at least one third
of all purchase decisions these sources are
consulted and nearly 450/o ofall small companies
use outside consultants.



Table 14 
Most Important 
Sources of 
Information -
% Used in 1994 
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Source of Server/ 
Information Network/ 
(Multiple Responses) PC Midrange 

Friends 35 49 

Manufacturers' Brochures 39 42 

Consultants/Professionals 43 36 

Sales Visits 10 27 
c· 

Manufacturers' Adverts 22 24 
.. 

Manufacturers' Seminars 11 15 

Exhibitions/Trade Shows 15 17 

Visit to Stores 20 -
PC Magazines 37 -

When buying servers or larger systems, those 
at SOHO sites turn first to friends (in nearly half 
of all buying situations), then to manufacturers' 
brochures and consultants. Sales visits are 
regarded as a valuable source of information 
in just over one quarter of all cases. 

Selling servers and systems larger than PCs 
into this market segment presents particular 
problems for vendors. This segment has to be 
addressed almost exclusively by a solution sale 
with extensive pre- and post-sales support. It is 
difficult for a server supplier to address this op
portunity directly. Even suppliers of stand-alone 
PCs have not yet found satisfactory ways ofkeep
ing the total solution cost (including support) at 
a level acceptable to this type of company. 

Server suppliers have a number of options: 

- Create market "pull" with strong brands 
through mass-media advertising. 

- Explore new order-generating techniques 
being pioneered for PCs. 

- Focus on PC-LAN servers which are the best
selling server product in this market. 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

2.8. Channels of Distribution 
for the SOHO Market 

Home-office PCs paid for by personal 
cheques or credit card tend to come through the 
same channels as those PCs bought for general 
use. A discussion of this is included in a later 
section (3.7- "Channels of Distribution to the 
Home"). 

However, PCs bought for the home by 
employers as well as computer equipment and 
software for small offices, move through more 
general channels. The structure of these channels 
is given in Figure 4 which reflects the delivery 
of product from manufacturer to end user. 

Definitions of the different channel types 
follow. However, a picture of how PCs are dis
tributed to the SOHO market is included in 
Figure 5. Over 50% of PCs reach SOHO sites 
through the traditional small and large-dealer 
segment. These channel members provide full 
solution and support services on which small 
businesses have come to rely. However, the 
newer outlets which only supply some equip
ment support are gaining share as small business 
usage matures and employees develop more 
confidence in their own ability to choose and 
use PCs. 

Larger systems still move predominantly 
through the VAR, Systems Integrator and Inde
pendent Software Vendor channels as fewer 
manufacturers are able to deal directly with small 
businesses. Many larger vendors now only retain 
a telesales link with smaller customers and often 
pass leads directly to third parties anyway. 
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Figure 4
Distribution
Channel Definitions
and PC Flows
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Figure 5
SOHO Channel
Fuffilment, 1994
Europe -
PCs Delivered

Definition : Distributor

Over 500/o of revenue comes from the
sale of PCs and related equipment to other
resellers. Less than 500/o is from sales to end-
users. This channel forms an intermediate
layer between the dealer and retail channels

and the brand-owners.

Many companies have both a dealer and a
distributor element to their business. They are

best classified according to where the majority
of the holding company's revenue comes from.

The US-owned distributors Ingram Micro
and Merisel are establishing a major presence in
Europe; Computer 2000 also has a pan-Euro-
pean presence. More specialist distributors are

emerging e.g., for networking products such as

Azlan (UK), Algol (Italy). Today more than
two thirds of all PCs reach SOHO sites having
initially passed through distributors' hands.

Definition: Direct sales force

The brand owner's own sales force
sells and arranges delivery of the PC
to the user. This channel is used pre-

dominantly by manufacturers who supply
mid-range and mainframe equipment as

well as PCs.

Many brand owners (such as IBM and HP)
operate schemes where their salesmen work in
conjunction with those of the major dealers to
generate business. Such sales may result in an

order that is fulfilled by the dealer. Catalogues

are increasingly being used to complement
activity of the sales force in existing accounts.

A negligible number of PCs distributed to the
SOHO market are ordered as a result of a direct
sales force. Even with larger systems, the SOHO
market relies so much on VARs that less than
100/o of all larger systems are supplied directly
by manufacturers' own salespeople.

Small dealers

Large dealers

Direct retail

Direct response

Metrostores

Advertiser resellers

Mass merchandisers

VARs/SIs

PC superstores
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Definition: Direct response 

The hardware brand owner sells directly 
to the users with no third-party involvement. 
100% of business is from PCs and periph
erals, with orders being generated and 
fulfilled by brand owners' desk-based sales 
and marketing teams. 

Brand owners using this approach often pro
vide free on-line technical support indefinitely 
and next-day on-site service for one year. 
The configured PC is normally delivered within 
24 hours of placing the order. More complex 
solutions can also be installed. Competition is 
based on price and ability to give an exact match 
to the customer's specifications. 

About 9% of all SOHO PCs are procured by 
direct response in Europe today. Individual 
countries range from a negligible presence in 
Italy to more than 25% in the UK where tele
marketing is often performed from Ireland. 

Definition: Direct retail 

The brand owner directly owns and op
erates retail outlets which focus on the sale 
of PCs and related peripherals. The PCs sold 
are typically only those of this brand-owner, 
but a choice of software and peripheral 
brands may be offered. In terms of image 
presented to the purchaser, they behave 
much like independently owned major PC 
dealers/store chains. 

Some also operate outlets as franchises, not
ably PC Warehouse and Computer Discount. 
Where a PC brand owner starts to sell competing 
PC brands in one of its direct-retail stores, we 
reclassify the store as a PC metrostore. 

Direct retail was pioneered in Germany 
(West) where more than a quarter of all PC sales 
to the SOHO market are made through this 
channel. It is also used extensively in France. 
This helps to raise the overall European average 
to about 17%, although many countries like the 
UK and Italy have less than 5% presence. 

Definition: Major PC dealer/ 
store chain 

More than 50% of revenue is derived from 
the sale of at least 20 PCs per month 
to users. This channel typically focuses on 
the sale of PCs and related peripherals. The 
expertise of the channel can vary from the 
ability to install and support complex LAN s 
to volume shipping of unsupported CPUs. 
Dealers add value by combining products 
from several brand owners, to give a precise 
match to the customer's needs. 

The owners of major PC dealer operations 
often diversifY their operations- this may include 
distribution to other, smaller, resellers; or devel
opment of new, competing channel operations, 
such as PC superstores or advertiser-reseller 
operations. People-based service offerings are 
also being expanded as opportunities for revenue 
growth. 

Larger dealers are the second biggest channel 
to the SOHO market and just under one quarter 
of all PCs bought by SOHO sites in Europe 
move through this channel. Both Italy and the 
UK have a larger proportion than average of 
all sales through this channel. 
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Definition: Small PC dealer/store 

Over 50% of revenue is from the sale of 
PCs and related products but sales do not 
exceed 20 PCs per month. There are small 
PC dealers in most towns and cities. Many 
are businesses employing one or two staff, 
often with significant networking expertise. 
They do not usually hold stock, relying on 
distributors with 24 hour delivery schedules 
to fulfil orders. 

Small dealers exist in most towns and cities. 
Their ability to help and advise clients and to add 
value by combining products from several brand 
owners to match a user's exact needs, will be the 
key to their survival in the 1990s. 

Because of the support which they can 
provide, small dealers continue to be the major 
supplier of all PC hardware to small businesses 
and account for about one third of all shipments 
to this market. In Italy they dominate with nearly 
two thirds of all PC business in the SOHO 
segment. 

Definition: Vertical Application 
Resellers (VARs) and System 
Integrators (Sis) 

Vertical Application Resellers and System 
Integrator organizations primarily sell 
business solutions to clients, in particular 
industry markets, and provide full expertise 
and support on the applications in which 
they specialize. The solutions include PCs, 
but may also include workstations and/or 
mid-range computers. The value added 
through application expertise and software 
makes the VAR channel (sometimes called 
"value added reseller") different from other 
types of re-seller. System integrators handle 
very large custom-designed projects, often 
for government and military clients. 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

The focus of business for these two channels 
is often on mid-range and networked products, 
but PCs frequently form a part of the solution. 
This is therefore a significant channel in terms 
of the volume of PCs sold to the total business 
market, and some system integrator orders 
have great prestige and public-relations value. 
Normally, only demonstration and developer 
machines are held in stock. 

With regard to the SOHO market, these two 
channels along with independent software vend
ors dominate the supply of midrange systems 
and servers, accounting for nearly 90% of all 
placements. However, when it comes to PCs 
their market presence is negligible and they only 
really provide PCs to the larger SOHO members 
on the back of systems or network sales. 

Definition: Advertiser reseller 

Over 50% of the revenue is generated 
from the sale of PCs to users. Furthermore, 
90% of the PC related business is derived 
from extensive press and media advertising. 
Buyers phone in to place orders, usually 
using credit cards. Typically, customers do 
not visit the premises. This type of operation 
targets the knowledgeable user whose main 
purchase criterion is price. Support levels on 
products purchased through this channel are 
generally low. 

Some advertiser-resellers are shipping quan
tities of Far-Eastern clones re-badged under 
their own name (e. g. Evesham Micro's Vale 
brand). 

Advertiser-resellers ship about 8% of all PCs 
to the SOHO market in Europe. They are most 
successful in the UK and France where their 
market share has moved into double figures. 
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Definition: Walk-in PC superstore 

Over 50% of revenue from PC peripheral 
sales with all business from walk-incus
tomers. A superstore typically has around 
2,000 m of floor area, and no less than 
1,000 m. This channel is developing slowly 
in Europe, but is well established in the US. 

Walk-in superstores tend to be located in out
of-town warehouse-style premises. Stock levels 
are high so that the customer can take immediate 
delivery of any item purchased. 

PC superstores can be owned by PC brand 
owners rather than third parties, although they 
must be prepared to offer multiple, competing 
brands of PCs. Escom and Vobis in Germany 
(West) and ICL in the UK are experimenting 
with this approach. 

Their success in Europe trails miserably 
behind their US business model and it is only in 
markets such as the UK where they have been 
able to approach 5% of the SOHO market. Over
all in Europe, superstores account for only 1% 
of all sales to this market. 

Definition: Mass merchandiser 

Over 50% of revenue is from goods other 
than PCs. The mass merchandiser can vary in 
type from a department store selling goods 
of all types including food and clothes, to 
specialist electrical and electronics goods 
retailers or mail-order houses who sell prod
ucts such as TVs and hi-fi systems as well as 
PCs. The retail locations are often in town 
centres, but may be out-of town warehouses. 

The mass-merchandiser channel relies on 
walk-in trade or mail-order catalogues for sales, 
while general advertising and vendor-paid pro
motions attract customers. 

The customer normally collects the goods 
from the retail site although the store will some
times deliver, and mail-order houses use parcel 
carriers for delivery. Neither type installs the 
systems. Customers are generally home users 
and small businesses, usually buying one PC 
at a time. 

Mass merchandisers, because of their lack of 
technical support for users have only recently 
begun to make inroads in the SOHO domain. 
Across Europe, only 3% of all PCs are bought 
from this channel, and it has only been able to 
climb to just over 5% in France. 

Definition: PC metrostore 

Over 50% of revenue is generated from 
PCs, peripherals and software sales, with all 
business arising from walk-in sales. Stores 
are located in metropolitan areas, carry 
multiple brands of PC, and are considerably 
smaller in size than the walk-in PC super
store outlets (less than 1,000 m2

). 

Metrostore business is generated through 
local mass-media advertising. Customers can 
walk in, browse around and compare before 
purchase, at which time they collect the goods. 
Customers are either business users or indi
viduals that live or work close to the store, and 
find "downtown" shopping convenient. 

Three important formats of metrostore are 
currently emerging: 

- the PC superstore chain requiring 
a city-centre presence; 

- a PC brand owner with a direct-retail store 
adding new brands; 

- a PC dealer operating a store within 
a store for a general retailer. 
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As some manufacturers have moved a por
tion of their direct-retail operations over to the 
metrostore format, particularly in Germany 
(West) and France, this channel operation has 
been able to attract a substantial share of the 
SOHO buying activity. About 8% of all PCs are 
now procured from these outlets with as many 
as 20% of all SOHO PCs in Germany (West) 
now coming from metrostores. 

Definition: Independent Software 
Vendor (ISV) 

Revenue comes from sales of packaged 
software, customization and consultancy. 
The ISV does not take title to the hardware 
but may enter into a marketing agreement 
with suppliers to provide a mutually 
supported offering to end users. 

ISV business is generated through outbound 
sales, vertical market or targeted advertising, 
joint seminars and road shows. Hardware sales 
are fulfilled directly by the manufacturer or its 
reseller channel, depending on vendor policy. 
Customers require a specific integrated or cus
tomized solution and are prepared to pay for 
the required consultancy, implementation and 
support. ISVs influence the choice of PC brand 
in specific operational applications and are often 
responsible for very large orders at larger 
business sites. 

A discussion of ISVs' participation in the 
S 0 H 0 arena is given above in the section dealing 
with VARs and Sis. 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

2.9. Drivers and Inhibitors 

Perhaps the most important motivators for 
installing IT equipment in small companies are 
the desire to gain competitive advantage and 
reduce risk. Many small businesses now find it 
necessary to automate ordering and inventory 
control in order to remain competitive with their 
larger counterparts. As the cost of computer 
hardware drops, it is now possible for smaller 
professional firms to install design workstations, 
for example, which two years ago cost 20,000 
ECU but which today can be procured for less 
than 5,000 ECU. Many cross-industry software 
packages which run capably on office PCs are 
now available in the 100-1,000 ECU price range 
where five years ago prices of five and ten times 
these were not uncommon. 

Not all of the motivators are defensive, how
ever. Many entrepreneurs who have opened 
small offices have recently left "corporate 
Europe" where they came to understand and 
value the role of IT in business. Most have 
"hands-on" experience of using a PC on their 
desk or during their travels. In addition, small 
family concerns are now being joined by children 
of the founders who are well briefed in the use 
of computers through their education. It is not 
unusual for parents to turn over the role of 
automation to the next generation as their first 
job in a small company. 

Awareness of what computers can ac
complish for small businesses is rising, and many 
owners and managers are now looking for 
solutions at reasonable costs. However, dealers 
and other more sophisticated channels have tra
ditionally focused their attention on the business 
opportunities which could afford more money
the larger enterprises. This still remains a major 
inhibitor today in that there are few external 
suppliers willing to invest in supporting small 
businesses. In addition, so many small com
panies are concentrated on specific vertical niche 
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markets that it has often proved uneconomical 
for software companies to develop applications 
for their sub-industries. This is why such a large 
proportion of the total expenditure on software 
is still for "off-the-shelf' tools like word pro
cessors and spreadsheets. 

The major internal inhibitors for small 
businesses are insufficient resources and lack of 
time to train staff in IT matters. Most small com
panies are stretched just trying to supply product 
and services. Studies of small companies' opera
tions confirm that employees who work for 
themselves often put in much longer working 
hours than large company employees. It often 
takes strong leadership and hard work to move a 
"busy" small office toward the use of IT. 

Home offices are affected by the same 
influences as small offices, and here the major 
factors are concern about costs and lack of time. 
It is particularly telling that only about half of all 
PCs in European households with home offices 
are actually used in the home office itself- even 
when there is only one PC in the household. 
However, it does appear that PCs are incorpo
rated into the office procedure with the passage 
of time. The US business model, where the home 
office is further developed, shows that the use of 
PCs in the home office ofhouseholds which have 
them has already risen to more than 75%. 

3. The Home Market 

This discussion of the home market con
siders the market in its widest sense - that is, 
incorporating the home-office element of the 
SOHO market (as included in Section 2) and the 
balance of the consumer market. It looks, there
fore, at the household as the buyer and installer 
of IT and related equipment and services. In 
1994, the European market for IT equipment and 
software in the home was worth 11 billion ECU 
or 8% of the entire IT market. 

Definition: Home market 

The home market is defined to encompass 
the home in the widest sense, including both 
home business and consumer use (house
holds activities, education, games, etc.). 

3.1. Demographics 
of the Home Market 

Underpinning these new and emerging 
markets is the basic demographic structure of 
households in each country. 

There are more European households (135 
million) and people (365 million) than the 253 
million people who occupy just under 97 million 
US households. In fact, in the five largest coun
tries in Europe (France, Germany (West), Italy, 
Spain and the UK) which form the focus of this 
report, there are nearly 300 million people living 
in more than 100 million households as shown 
in Table 15. 

However, the US national per capita income 
of 17,145 ECU is greater than that in any Euro
pean country and 70% more than that in Spain 
where it is only 10,170 ECU. This difference in 
national wealth, coupled with a much larger 
homogeneous market where household brown 
goods and now computer equipment suitable 
for the home have always been less expensive, 
has contributed to the greater penetration of 
appliances, equipment and services in US 
households. 



Table 15 
Countty Comparisons, 
1994 

Table16 
Number of Households 
in 1994 with: 
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Households Population National Income Exchange Rate 
per Person (EC U) 1 ECU= 

us 96,900,000 252,688,000 17' 145 $ 1.17 

France 21,900,000 57,049,000 15,470 FF 6.63 

Germany (West) 30,000,000 67,000,000 15,980 DM 1.93 

Italy 20,100,000 57,052,000 14,900 L 1,840.34 

Spain 13,000,000 39,025,000 10,170 Pta 148.99 

UK 21,750,000 57,561,000 13,375 £ 0.78 

1994 France Germany (W) Italy UK 

TV 21,000,000 29,600,000 19,700,000 21,100,000 

Cable 1,950,000 14,000,000 200,000 870,000 

Satellite 440,000 6,000,000 400,000 2,400,000 

VCR 15,200,000 19,500,000 9,400,000 18,500,000 

PC 2,850,000 4,500,000 2,400,000 4,785,000 

Fax 650,000 1,300,000 400,000 435,000 

Console 4,400,000 2,400,000 2,400,000 4,130,000 

3.2. Installed Base of Equipment 
in Households 

Any study of the home market which at
tempts to examine the potential for new inter
active digital services and the future use of infor
mation highways must start with an analysis of 
the installed base of equipment and services. 
With the exception ofTV sets, of which all major 
countries have between 97% and 99% household 
penetration, Europeans lag considerably behind 
their American counterparts. 

Whereas 88% of US homes own a VCR and 
35% rent at least one video tape per month, 
the comparable figures for Europe are 64% 
with VCRs, but only 22% rent with the same 
frequency. In Italy for example, only 57% of 
homes have VCRs and less than 5% of these rent 
"top-ten" movies on a regular basis. 

Most European countries benefit from high
quality signal public broadcast services, and 
either quality public programme content (as in 
the UK) or broad choice of sports coverage (as 
in Italy). Until quite recently, therefore, unless 
there has been direct government initiation to 
encourage other forms of TV delivery, there 
has been little activity with cable and satellite 
broadcasting in Europe. Germany (West) is an 
exception where 14 million homes are cabled 
and 20% already enjoy inexpensive satellite 
TV programmes. 

In the UK, where recent deregulation has 
encouraged massive investment in both cable 
and satellite, these markets are growing rapidly. 
Satellite penetration has reached 11% while 
cable penetration, already at 4%, is quickly mov-
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ing toward double figures. France has also en
couraged cable and 9% ofhouseholds are already 
connected. Italy has virtually no cable laid and 
only 2% of homes receive satellite broadcasts. 

This contrasts markedly with the US, which 
has the lower quality NTSC standard, wide 
dispersion of homes located at great distances 
from transmitters, and densely built up cities 
where skyscrapers often produce "ghost" images 
with terrestrial broadcasting. Cable has made 
great in-roads: 65% of all households subscribe. 
Although satellite programmes are received in 
only 4% of US households, this reception has 
been primarily with large-scale and expensive 
dish antennae. However, the recent introduction 
of digital broadcasting to small diameter dishes 
by the likes ofThomson (through its RCA sub
sidiary) will fuel growth in this area. 

More US households ( 42%) have video-game 
consoles. The 41 million found there are more 
than three times as many as have been bought for 
all homes in France, Germany (West), Italy and 
the UK combined. The highest penetration is just 
approaching 20% in France and the UK. 

Few fax machines are found in European 
households. Germany (West) with 1.3 million 
home faxes has twice as many as any other coun
try. They are located mainly in home offices or 
where employers have funded equipment for 
teleworking. 

By far the most interesting electronic device 
to be found in the household is the PC. Already 
35% ofUS homes have PCs installed and nearly 
all of them are IBM PC-compatible or Apple 
computers. By contrast, in Europe where the 
UK has the largest percentage of homes with 
computers (22%) only 12% of these are IBM and 
Mac-compatible. The balance are old multi
function machines like those of Atari and 
Commodore or UK-specific computers such as 
those made by Sinclair or Acorn. 

In Italy, 12% of households have IBM and 
Mac-compatible PCs (but again an extra 5% have 
only Ataris or Amigas). Germany (West) has a 
15% penetration and France has 13%, but with 
negligible non-business compatible machines 
and the highest percentage of Apple systems. 

3.3. Shipment of Electronics 
Equipment and Sales of Entertain
ment Services to Households 

In 1994, Europeans spent nearly 9.5 billion 
ECU on TVs and about 8.5 billion ECU on PCs 
for their homes. Expenditure on electronic 
equipment and entertainment services in Euro
pean households reflects the current installed 
base positions. In general, the largest spending in 
1994 is on TVs where country markets range from 
1.3-1.8 billion ECU. However, in both the 
UK and Germany (West) home-PC purchases in 
1994 already exceed TV purchases. By 1998, this 
will be the case in all countries as the PC be
comes the largest home-electronics equipment 
market (14.5 billion ECU). 

I Definitions: -

In Tables 17 and 18 the following defini
tions apply. TV refers to the money spent on 
buying TVs for the home. Cable is the total 
expenditure for cable services in the home. 
Satellite refers to the amount of money paid 
for satellite services by all households. 
VCR, PC, Fax and Console (games console 
for playing games through a TV) relate to 
the amount of money spent by households 
in purchasing these types of electronic 
equipment. 

In 1994, because of the success ofboth cable 
and satellite in Germany (West), its citizens spent 
more on these services combined than on the 
purchase ofTVs. By 1998, this will be true in all 
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Figure 6
Mix of Equipment
in Households,
1994

Figure 7

Equipment Penetration
Varies by Country,
1994
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1994 France Germany(W) Italy UK 

TV 1,620 1,800 1,280 1,280 

Cable 490 2,050 12 255 
.. 

Satellite 390 940 215 940 

VCR 760 600 535 430 

PC 1,450 1,960 1,030 1,790 

Fax 100 255 60 95 

Console 320 220 170 490 

1998 France Germany(W) Italy UK 

TV 2,220 2,560 1,450 1,280 

Cable 1,070 2,990 85 1,030 

Satellite 1,150 940 255 1,370 

VCR 415 600 470 450 

PC 2,390 2,990 1,540 2,140 

Fax 450 940 280 620 

Console 565 600 340 490 

France Germany (W) Italy UK 

1994 338 

1998 1,160 

European countries except Italy where neither 
cable nor satellite are expected to make signifi
cant gains. 

Both the recreational games-console market 
and home-fax market will continue to grow until 
1998, when sales of faxes will exceed that of 
consoles and climb to about the same level as 
VCRs (where no growth is expected). All three 
markets together will stiil be less than the value 
ofhome-PC shipments. 

471 

1,400 

340 517 

950 1,360 

3.4. Applications on PCs in the Home 

Software of all types for the home is already 
a significant market in Europe, worth 2.5 billion 
ECU in 1994. In the four major European coun
tries, home software sales amounted to more 
than 1.7 billion ECU in 1994 (Table 19). By 1998, 
both Germany (West) and the UK will be supply
ing that much home software to their own 
domestic markets . - the four-country total of 
nearly five billion ECU represents a growth rate 
of 30% per year compounded. 

Table 17 
Expenditure on 
Electronic Equipment 
and Entertainment 
Services in 1994 
(Million ECU) 

Table 18 
Expenditure on 
Electronic Equipment 
and Entertainment 
Services in 1998 
(Million ECU) 

Table 19 
Total Home 
Expenditure on 
Software 
(Million ECU) 
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Figure I0
Method of Payment
for PC
(France, Germany,
Italy, UK)

Figures I and 9 present a breakdown of
application usage on home PCs and contrast the
European and US home markets. Games and
entertainment dominate among all uses of the
PC in European homes (74%) and as the primary
use (32%).The more mature US market reflects
noticeably lower percentages for these where
only 53ort of all applications are games and less
than 15% are fre primary application.

.In the US, qrping/word-processing domi-
nates - 58% of all PCs are used to write letters
and reports and this is the main application on
23% of all home PCs. Home businegs is the
primary use of 15% of European PCs and 13%
ofUS ones, but work brought home shows a re-
versed picture with 13% ofUS PCs used for this
as the main application and only l0% inEurope.

One of the major differences between the
US and Europe is the high usage ofhome PCs in
the US forhousehold activities (52%) while only
one third of European households use PCs for
this purpose. There are also marked differences
in the scope of home PC usage in the US versus
Europe. 17% ofLJS PCs are used for"othef appli-
cations and most of this is tied into on-line and
Internet usage. In Europe, less than 5 0/o of house-
hblds have applications outside of the standard
list and only about 2% have PCs which are con-
nected to communication networks.

Schoolwork and education applications run
on 35% of European and A% of US home PCs
and l7% ofUS households name this as the pri-
maryapplicationwhile only 12% in Europe do so.:

1
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Table 20 
Most Important 
Sources of 
Information -
% Used in 1994 
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In 1994, business software purchases repre
sented 40-45% of all software bought for the 
home. In spite of the rapid growth forecast for the 
home office in Europe, non-business software 
spending will grow even faster to about 75% of 
the software market by 1998. Most (70-80%) will 
be delivered as CD titles as the installed base of 
CD-ROM drives grows over the forecast period. 
In fact, most business software applications 
(other than small vertical niche market suites) 
will be delivered on CD-ROM because of the 
higher cost of production on floppy disks. (See 
Section 4 for a more detailed discussion.) 

3.5. User Buying Behaviour 

Europeans who buy PCs for their homes con
sult various sources for information about the 
purchase, rely on both their employers and their 
own wallets for financing and locate PCs in their 
households depending on usage and national 
characteristics. 

Across Europe the pattern of information 
sources varies little by country, but reflects the 
fact that buyers are heavily dependent on out
side influences. The many avenues which they 
consult are shown in Table 20. 

Sources PCs 

' 
49% ; 

. < •.•••• ··.•. ·.·. 

PC ~agazines 

Manufacturers'.brochures 
" ' 

Visits to stores 30% . 
····'. 

External friends ... 30% 

Windo-w shopping 25% 

Manufacturers'' advertising 22% 

Exhibitions 21% 
. 

Outside consultants 21% 

Sales visits 4% 

Manufacturers' seminars 2% 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

Of the 4.3 million PCs bought in 1994 for 
households in the four major countries, 55% 
were paid for by an employer (see Figure 1 0). This 
share is expected to drop to 50% by 1998 as 
employees increasingly write their own cheques 
or use their own credit cards. A small fraction 
will be financed by educational institutions. 

The location of the PC in the home varies 
considerably by country (Figure 11). In the 
US, 83% of all PCs can be found in the family 
room (37%) or a room used for an office (46%). 
Germany (West) has a similar overall picture but 
two thirds of PCs are in the office. In the UK 
and France, however, about half of all PCs are 
installed in bedrooms, with the likelihood of it 
being a child's bedroom in France (39%) much 
greater than in the UK (17%). 

3.6. Channels of Distribution 
to the Home 

The home market is serviced by a very dif
ferent combination of channels than the mix 
used by the corporate and education markets. 
These channels have correspondingly different 
attitudes to the sale and marketing of PCs. 

3.6.1. Channel Fulfilment 

Of the six million PCs shipped to homes in 
1994, nearly three quarters were supplied by 
channels which have grown primarily to serve 
this market (see Figure 12). Although small and 
large PC dealers handled just over 25% of sales, 
this is much less than they supplied to the SOHO 
market which is more like the total commercial 
market for PCs. In fact, of the four largest country 
markets, small dealers are still the dominant 
channel only in Italy (where they supply 56% of 
the home market). 
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Definitions: 

For a detailed discussion of definitions 
of channel members please refer to Section 2.7 
"Channels a/Distribution to theSOHOMarket': 

Mass merchandisers are true retail outlets 
with more than 50% of revenue coming from 
goods other than PCs. In 1994 they supplied 21% 
of all PCs to the home and this share has been 
climbing steadily over the last few years. By 1996, 
mass merchandisers are expected to be the 
largest channel selling home PCs. In France, this 
was already the case in 1994 where 30% of all 
PCs for the home came from this channel. 

Next in importance is the advertiser reseller 
with 18% of the volume to the home. Advertiser 
resellers rely almost entirely on ads placed in the 
press and media and provide a low level of 
support. Direct response provides 17% of all PCs. 
The brand owner takes orders directly by tele
phone or post with no third-party involvement. 
This has proved particularly successful in the UK 
where 23% (the largest share) of all home PCs are 
ordered in this manner. 

Metrostores and direct retail together 
account for about 15% of channel throughput. 
Metrostores are an evolution from direct retail 
where the brand owner operates the retail out
lets but sells more than just his own brand. 
In Germany (West), these account for 43% of all 
PC sales to the home. The remainder (3%) of 
home-PC sales in Europe are made by PC super
stores which have been much slower to develop 
than in the US. 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

3.6.2. Some Enthusiastic Early Players; 
for Others, "Just Another Product" 

Some strong-minded individuals in the 
channels have long been enthusiasts of the PC 
market, taking their organizations into home-PC 
sales early in the 1980s, and continually devel
oping their product portfolio and offerings. For 
others, PCs are just another product to be sold, 
like washing machines or fax machines, and if the 
product does not move it will be withdrawn. 

It is also critical to understand the level of 
strategic and reporting focus that PC sales are 
awarded. If reporting is at or near director level, 
the sale ofPCs is better understood, and a better 
quality of relationship is likely to be achieved 
with the PC supplier. This type of commercial 
relationship is a novel one for many PC manu
facturers and suppliers. 

3.6.3. Attitudes to the PC Market 

There is rarely a single person specifically re
sponsible for the home-PC business. PCs usually 
come under the domain of a general purchasing 
manager or general sales manager. 

- PC buyers. Buyer-level personnel are found 
primarily in mass-merchandising organi
zations. In electronics, electrical goods and 
office-products stores the task is often a 
dedicated one; that is, the PC buyer only 
works on PC purchasing. For other types of 
mass merchandiser, the role is often com
bined with another product set such as audio 
or office equipment, which may have pre
dated the offering of PCs. Where PCs have 
been given a strategic role, notably in some 
UK organizations, the buyer has group 
responsibility and reports to a board-level 
director. 
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Product managers. Advertiser-resellers, direct 
retail operations and some direct tele
marketing channels have product managers 
with specific responsibility for home sales. 
Typically they work in small, parallel teams, 
reporting to a director. 

- Director level. Within a minority of organi
zations the most appropriate person is found 
at director level, for sales, marketing or 
product. The sale of PCs to the home and to 
small enterprises is a major source of revenue 
for these organizations. The commercial 
relationship is closer to that of more "tra
ditional" PC channels. 

Most channels regard the sale ofhome PCs as 
a "growing" market. With few exceptions, under
standing of market structure is generally second
hand or worse, lacking a basis in detailed market 
research. However, the view is formed that such 
an approach is not exclusive to the sale of 
PCs, but might equally apply to, say, perfumes or 
furniture. 

With the exception of distributors, channel 
players of all types state that the home market is a 
significant area for them. However there is a vast 
difference in the way organizations view the 
market. 

The active approach to the home market 
is demonstrated by a UK PC and peripherals 
dealer, who foresaw the trend towards home 
usage and set up a specific subsidiary to deal with 
this sector. A UKPC superstore group carried out 
extensive research for a year before entering the 
market and was careful to open branches where 
there was no direct competition.Anothergeneral 
retailer tried to ensure that it sells PCs in towns 
where there is no direct competition and keeps 
a close eye on what competitors are doing. 

The passive approach is demonstrated by 
many resellers, particularly in the mass-mer
chandiser category, who entered the market as a 
response to a perceived (but not researched) 
opportunity, without appearing to view it as a 
major strategic move. 

3.6.4. Depth of Understanding 
of Customers and Requirements 

Most companies are ignorant of whether 
purchases are repeat or first-time. Some channel 
players have theories on the subject, but don't 
have access to hard data. 

Passive companies admit that they do not 
know why customers buy PCs; in particular, 
general mail-ordercompanies lack a clear idea of 
who their customers are since involvement with 
them is low. All such organizations have heavily 
automated ordering systems, and could analyse 
this data. For example consumer mail-order 
catalogues actively target customers with known 
buying patterns for children's clothes, young 
fashions or outsize clothing. However, the PC 
buying pattern is evidently insufficiently central 
to strategic sales growth or has too low a fre
quency level to warrant similar monitoring and 
targeting. There are also some general retailers 
with little awareness of their customers. 

Although some customers are novices, they 
are in the minority; the average customer is 
knowledgeable. In particular, customers who 
buy from advertiser resellers and from direct 
retailers tend to be better informed and buy 
higher specification machines, knowing exactly 
what they will use them for. 

3.6.5. The Typical Sale 

The typical PC purchase from these channel 
players reflects both the users' needs and the 
channels' inherent make-up. The product is 
heavily price constrained (with few exceptions), 
and may be bundled with software and a printer; 



Table 21 
Typical PCs 
Purchased in Fourth 
Quarter 1994 for 
Home Consumer Use 

Table 22 
Typical PCs 
Purchased in Fourth 
Quarter 1994 for 
Home Office Use 
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Entry level system 

Processor 486 SX/33 

Memory 4 Mbytes 

Disk storage 200 Mbytes 

CD-ROM Yes - double speed 

Extras Audio card & speakers 

Printer Ink/bubble jet printer 

Bundled software Windows 3.11 +"Works" 

Price 1,880 ECU +tax 

First/only system 

Processor 486 DX2/50 

Memory 8 Mbytes 

Disk storage 500 Mbytes 

CD-ROM Yes - double speed 

Extras 

Printer Laser printer 

Bundled software Windows 3.11 + "Apps" 

Price 2,135 ECU +tax 

alternatively, such a sale may take place con
currently rather than being bundled. Tables 21 
and 22 give the specifications of the most 
frequently purchased PCs in the last quarter of 
1994. (Although the table contains descriptions 
of IBM -compatible machines, the buying 
pattern for Macs was similar.) 

Historically, some channel players did not 
enter the market until the price ofPCs had fallen 
below the 1,300-1,700 ECU level. The lower price 
point of 500-700 ECU represents the threshold 
for adoption of multi-function PCs such as the 

The Home and the Small Office/Home Office 
Markets for TT in Europe 

Enthusiast's system 

Pentium 60/90 

8 Mbytes 

500 Mbytes 

Yes - double speed 

Audio card & speakers 

Windows GDI laser printer 

Windows 3.11 +"Office" 

2,735 ECU + tax 

Additional system 

Pentium 60/90 

8 Mbytes 

500 Mbytes 

Yes - double speed 

Network card 

Laser printer 

Windows 3.11 + "Apps" 

2,565 ECU + tax 

original non-compatible Commodore, Amstrad, 
Atari, Sinclair and Acorn machines. This market 
segment is, however, receiving much less atten
tion as IBM compatible and Apple computer 
prices continue to fall. 

Peripherals and software are often sold 
bundled with the hardware: if a PC is sold, the 
customer tends to buy accessories too. However, 
in volume terms the after-market appears to 
be more important. Peripherals, in particular 
printers, are the most important element; soft
ware is also significant, although the margins are 
not as good. 
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The importance of peripherals and software 
is cited by all types of channel player, with the 
exception of the consumermail-ordercatalogues 
who tend to limit their activities to bundled PCs 
and games software. 

However, few seem to have thought carefully 
about the strategic importance of peripherals and 
software, even though they are contributing 
significantly to PC-related revenue. These prod
ucts are sold merely as an extension of the PC 
activity, because people who buy PCs expect to 
be able to buy software and peripherals from the 
same source. 

3.7. Drivers and Inhibitors 

Research identifies several clear and con
vincing motivators which are driving this strong 
growth in home-PC purchasing. People in many 
occupations are exposed to PCs at work, and 
in Europe, around 22% bring tasks home and 
complete them on a home PC.More importantly, 
they can identify home activities and tasks that 
could be better performed using a PC. 

- The aspiration for children to understand 
technology and to perform better at school 
now rivals working at home as the most 
important reason for buying a PC in a family 
household. Familiaritywith mouse, keyboard 
and operating system, provides the main 
value, regardless of which applications the 
children use. In most countries, more than 
50% of households with teenage children 
have a PC (treble the national average) 
although only about 40% use it for formal 
schoolwork. 

- The versatility of the home PC has also 
become widely appreciated. The number of 
users within an average European PC house
hold has risen fast since 1992, and is 3.6 
in 1994. 

Home PCs are used for a variety of clerical 
and correspondence tasks, for games and enter
tainment, and as reference sources, while still ac
commodating work brought home if necessary. 
In Europe, work brought home is not one of the 
top three uses of the newest PC, but 52% run 
word-processing software, so compatibility with 
office applications is expected. Many home and 
schoolwork tasks are performed on home PCs 
using WP, spreadsheet, DTP and database appli
cations. 

Lack of compatibility with familiar work 
applications was ultimately the downfall of a 
number of non-compatible suppliers which had 
built strong bases in many European countries. 
Nearly 80% of households played games on their 
PCs in 1994. The UK and Italy were a major mar
ket for non-compatible systems -in early 1994, 
38% of the PCs in use in UK homes were multi
function systems from this type of supplier. 

The major inhibitor for the purchase of PCs 
with personal funds however, is still, and will 
remain, cost. Research shows that low-income 
households, particularly those without children, 
and non-active households, especially where the 
"providers" are now retired, do not use PCs and 
will be unlikely to do so. As penetration levels 
of total European households approach 50% by 
the end of the decade, most of the unoccupied 
homes will be of these two types. 

4. The Emergence of the Interactive 
Home- CD Titles Will Proliferate 

The one major interactive, digital consumer 
market to develop to a significant size by the end 
of the 1990s will be that for CD titles. It will 
be driven by an explosion in the installed base 
of CD-ROM drives on home computers and a 
publishing community awakening to the vast 
potential of this market. From an installed base 
of less than half a million drives at the end of 
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1993, to just under three million a year later, this 
market will grow more than ten-fold over the 
next four years. 

By the end of 1998 there will be 36 million 
CD-ROM drives on IBM compatible and Mac 
compatible computers in European households. 
Consumers, who spent 17 million ECU on CD 
titles in all of 1993, paid more than 17 million 
ECU in the month of December 1994 alone. By 
1998 this market will be worth 4.7 billion ECU 
annually. 

4.1. Why Are CD Titles Important? 

Definition: CD titles 

CD titles are compact discs containing 
a software application that allows a user to 
interact with a particular mix of text, graphic, 
image and audio content that is stored on 
the CD-ROM. The content could be a game, 
educational or reference material, a simula
tion of some real or fantasy environment, 
musical or visual entertainment or a set of 
tools for a work-related task. 

A suitable multimedia platform is needed to 
play back the content ofCD-ROMs. Many alter
native home platforms have been proposed, and 
a few of these now have a sufficiently large in
stalled base to earn the attention ofpublishers. 

CD titles are important because they will 
provide the first real consumer market for multi
media technology. Unlike other proposed multi
media entertainment and reference opportuni
ties, revenue can be earned from CD titles with
out the need to build a complex network infra
structure linked to committed home subscribers. 
However, commitment from publishers, authors 
and distribution channels, is essential if the full 
potential of the titles market is to be realized. 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

4.2. Market Will Require Support 
from Local Companies 

The development of a successful CD-titles 
market in Europe will not be achieved by simply 
importing and localising US platforms and a few 
"hit" titles. Research into the reading and home
study habits of European households shows a 
wide range of interests. Their choice of video and 
television entertainment is also diverse, and very 
different from the patterns observed in equi
valent US research results. 

- There is a significant gap between electronic 
equipment items purchased and those that are 
used regularly. Unless CD titles deliver real 
benefits, CD-ROM drives and CD consoles 
will only be used occasionally. 

- Regular and enthusiastic purchasing of CD 
titles in Europe will only occur if the subject 
matter is considered relevant, fashionable 
and culturally acceptable. It must also cover 
a wide range of special interests. 

Indigenous authors, publishers and retailers 
will have to take a full and active part in market 
development, if the growth in CD-title sales 
projected in this report is to be achieved. 

4.3. Which Platforms Offer 
the Best Opportunities? 

Titles with some multimedia content have 
been on sale for many years, as video-game car
tridges for games consoles, or on floppy disk for 
home PCs. The prospect of publishing titles on 
CDs instead has always been attractive. The CD 
is a proven medium, with more than fifty times 
the capacity of a cartridge or floppy disk, at less 
than 20% of the cost to "press". 

• 261 



262 

European Information Technology Observatory· EITO 95 

1991 

1993 

1995 

! 
- Games and simulations (flight, driving, 

sports) can be effective with relatively simple 
visual and audio effects, so their initial im
plementations did not need the CD's high 
capacity. However, CDs allow deluxe ver
sions to be produced. 

- Other subjects requiring richer visual and 
audio content, such as children's cartoons 
for education and language courses or adult 
fantasy material, have achieved world-wide 
success when issued on CD to early adopters 
of the CD-ROM drive. 

- The CD will greatly increase publishing 
opportunities. In principle, any material that 
is currently popular in books and magazines, 
in television features or on video-tapes, could 
be packaged on a CD for self-paced, inter
active access (Figure 13). 

"Video games" 
Software to allow interaction, plus 
images, animation + simple music 

"Edutainment titles" 
with content that may 
include CD-quality 
audio and video 

"Full range of titles" 
as for magazines, 
or TV features, 
aimed at repetitive sale 

However, titles are expensive to produce, and 
publishers need to be assured that their title 
could be sold to a large installed base of 
platforms with drives able to read a "standard" 
CD-ROM format. The three contenders for this 
role are the home PC with CD-ROM drive, and 
two classes of product that play through the 
domestic television CD-based derivatives of 
existing games consoles and new, custom-de
signed CD consoles. 

Figure 13 
Range ofTitles 
on Sale 
Will Grow Rapidly ... 
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4.4. The Home PC 
with a CD-ROM Drive 

Home PCs present the best CD-title publish
ing opportunity in 1994, and the scale of this 
opportunity is growing very rapidly. 

- In Europe, the installed base of compatible 
home PCs will be 20 million, with 2.7 million 
CD-ROM drives in January 1995. By 1998, 
PC sales in Europe will be valued at 13 billion· 
ECU (Figures 14-15). 

- In the US, home-PC sales reached 8.5 billion 
ECU in 1994, by 1998 this will become 
15.5 billion ECU, overtaking TV sales of 
13.5 billion ECU. 

- The proportion ofPCs with CD-ROM drives 
shipped into the home is also rising rapidly. 
In Europe, it averaged 21% of home-PC 
shipments in 1994; in the US it was 62% 
for the year, and over 70% by December. 

Upgrade kits to add sound and CD-ROM 
capabilities to existing home PCs are also selling 
well, raising the publishing opportunity rapidly. 
The MPC-2 specification, with 16-bit sound and 
300 Kbps transfer rate from the CD, has become 
established as the de-facto standard. The total 
installed base of MPC-2 compliant drives in 
homes will reach eight million in Europe by the 
end of 1995. It will exceed nine million in the 
US by January 1995. 

The types of PC being purchased in 1994, 
mainly 486s and Macs, are capable of performing 
work-related tasks, but there is a trend towards 
specific home activities like managing the family 
finances, hobbies and as "homework helpers". A 
growing range of software products and CD titles 
optimized for home and education-related tasks 
will become available, and developers are con
centrating on Windows and the Mac OS as the 
environments. 

Family households buying their first PC are 
choosing versatile models, and can easily be 
persuaded to take a CD-ROM drive. Heavily 
advertised new models from US manufacturers 
target this type of household and promote the 
benefits of CD titles. 

High-income families are beginning to buy 
second PCs, optimizing one for multimedia 
edutainment and the other for work or study. 
Some of those that already have an IBM-compat
ible or Mac, add a multimedia upgrade kit to the 
family PC, while buying a notebook PC for the 
most active individual user. Others prefer a 
second and more powerful deskbound PC. Both 
types of buyer will purchase a CD-ROM drive. 

Adults buying PCs for home-office use, or to 
run a small business, may not see an immediate 
need for CD-ROM. However, convenient soft
ware delivery and business-reference titles may 
change their attitudes, particularly as the in
cremental cost of the drive will soon be less than 
85 ECU on many new PCs. Only buyers of note
book PCs and those with very old machines will 
be unable to read CDs by 1997/98. 

4.5. PC Buying Will Eventually 
Slow Down 

Households that expect to buy a PC are in
creasing in number and accelerating their plans. 
In Europe, 16% of current home-PC owners 
expect to buy another PC within a year. Only 4% 
of non-owners expect to buy their first PC in the 
next year, but this rises to 6% among families, and 
13% among high-income professionals. 

The purchase of home PCs will continue to 
accelerate in 1995, but will eventually reach a 
plateau at around 45% penetration in Europe. 
Selling to· households that are "not interested 
in PCs" will remain difficult, but some of their 
objections can be overcome with titles: 
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- The most common objection is "We can't see 
any use for a PC in our home". Households 
with high aspirations for children, could be 
won over with good promotion of appropriate 
CD titles. 

- A large group of households cannot afford a 
PC. As prices fall with time, some of this 
group will change its view. Others that want 
educational material for their children will 
turn to cable TV or CD-i as lower cost alter
natives, despite their limitations. 

- Some knowledgeable households find PCs 
irritating or antisocial and prefer not to have 
them in the home. However, as the range of 
titles grows wider and more appealing, their 
opinions may change. 

Taking these factors into account, PC pene
tration among European high-income families 
will reach 80% and 1.7 PCs per household by 
1998. The penetration will be much lower in 
low-income and retired households. 

In summary, the publishing opportunity on 
home PCs will be substantial by 1998: 

- the installed base of CD-ROM drives in 
Europe will be 36 million; 

- 68% of home PCs in Europe will be able to 
run a CD title. 

4.6. Market Development 

A number of factors have been necessary to 
encourage authors, publishers and distributors 
to promote CD titles on a large scale and to 
develop a major market. These points describe 
several aspects of the market's development: 

- growth rates for platforms and drives; 

- authoring, publishing and distribution issues; 

- title-market sizes by title class and storage 
medium. 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

4.6. 1. MPC-2 with Windows Provides 
a Stable Platform for Authors 

Title markets could not have developed with
out the authoring skills, talent and tools required 
to assemble compelling titles. Apple's Macintosh 
provided the initial impetus for authoring soft
ware and skills to develop in the late 1980s. In 
the '90s, powerful workstations from SGI, Sun, 
Hewlett-Packard and Digital (or Apple and 
IBM's PowerPC architecture) have allowed the 
Hollywood creative community to join with 
software specialists to form highly productive 
authoring teams. Waves of quality titles are now 
appearing. 

Authoring teams are developing titles for 
three main platform classes: 

- Windows MPC-2 home PCs with CD-ROM 
drives; 

- Apple Mac and PowerMac home PCs with 
CD-ROM drives; 

- Sega and Nintendo cartridge game consoles. 

Since its launch in Q3 1993, the MPC-2 
(double-speed) CD-ROM drive for PCs has sold 
strongly in all countries. In the US, the installed 
base will reach eight million by the end of 1994. 
This is the first acceptable PC-based standard for 
authors and publishers. Faster CD-ROM drives 
are available, but the MPC-2 specification will 
form the basis for mass-market publishing from 
1994-1998. 

4.6.2. Variety of Platforms Has Delayed 
Growth in European Markets 

All European countries lag well behind the 
US in the penetration of Mac and IBM -com
patible home PCs, and in the adoption of" office
led" standards for home software. This results, in 
part ,from the former success of Commodore and 
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Atari in Europe, and the responsiveness of their 
multi-function PCs when displaying graphics 
and playing back audio content. Local authoring 
standards, titles on sale and the home PCs in use 
are therefore different. 

- Strong groups of games authors have grown 
up in the UK and Germany (West), writing 
for Commodore and Atari platforms. Retail 
stores throughout Europe have until recently 
carried many Commodore Amiga titles, often 
in local languages, alongside Nintendo, Sega, 
CD-i, Acorn, Mac and IBM-PC titles. 

- This variety of home platforms has diluted 
the funds available to write, promote and 
distribute titles, particularly when combined 
with the need for local-language packaging 
and text or audio content. Uncertainty about 
the future of each platform has confused 
store owners, distributors and customers, and 
has held back market development. 

With the demise of Commodore in 1994, the 
focus of home-PC sales swung to IBM com
patibles, mainly 486s running Windows. Many 
of the most successful European titles had al
ready been ported to IBM -compatible PCs as a 
necessary step for games authors seeking world
wide markets. This is paying dividends, as inter
est is now focused on the PC. 

In European homes at the end of 1994, 
more than six million multi-function PCs from 
Commodore, Atari and others were still in use, 
compared with 20 million IBM compatibles. At 
the end of1994, the total home penetration of all 
PC types is 17% but this will reach 40% by 1998 
(of which nearly all will be business compatible). 

The Windows PC is set to be the platform 
of choice for CD-title distributors in Europe, 
although Apple is maintaining a share of shelf 
space with US titles. The current practice of 
combining Mac and IBM versions of English
language titles on the same CD will continue for 

as long as Apple continues to hold its market 
share in the US. Many European publishers use 
Macs internally, but Apple's weaker position in 
European schools and homes means that few 
publishers release titles exclusively for the Mac 
platform. 

Most schools are standardizing with IBM
compatible PCs. One remaining policy is that 
each school should have at least one CD-ROM 
drive, and this raises children's awareness of 
CD titles. 

The home installed base of CD-ROM drives 
on PCs will combine with US market momentum 
to determine the future standard for European 
CD titles. The base in Europe will reach nine 
million by the end of1995, with most ofthe drives 
being MPC-2 compatible. This provides a large 
target for European publishers. 

4.7. Bundling Decisions and 
Local Publishing Will Be Critical 

Title bundling is a critical issue for market 
development. New home-PC users have to be 
convinced that spending time interacting with 
title material from a CD is worthwhile. Con
tinued purchasing of titles will only occur if early 
experiences are rewarding. This was a real prob
lem in 1993, as the titles bundled with some 
CD-ROM drives were old with poor content de
spite having interesting names. The industry has 
realized that this is damaging and now follows 
the trend set by Sega and Nintendo, bundling just 
one or two top-quality titles with new platforms. 

Finding a local-language publisher prepared 
to underwrite the launch of a title is one of the 
most critical problems for authors in Europe. As 
users become more demanding, the cost of 
producing a title to a competitive standard has 
become prohibitive unless dramatic sales can be 
guaranteed. Potential publishers face a difficult 
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challenge in timing their market entry in each 
country and managing their investments in the 
promotion of each title. 

US publishers oflocalized hit titles will con
tinue to dominate sales until European pub
lishers are prepared to match the US companies' 
investments. Dorling Kindersley, Hachette, and 
others, are demonstrating that Europeans can set 
new standards in electronic publishing, but 
breadth and depth of coverage in local languages 
will be needed if the market is to develop fully. 

Developing brand identity and brand loyalty 
will be the key to success as the CD-title market 
grows. The most successful CD-title publishers 
will be those that develop families of products 
with features that encourage brand loyalty and 
repeat purchases. Families oftitles, such as those 
from Broderbund and Davidson, and Micro
soft's "home" titles are good examples of how 
to design features that encourage repeat purchas
ing from the same source. Broderbund's high 
production standards and "loveable characters" 
attract children; Davidson's reading and maths 
teaching aids, with rewards in the form of enter
tainment, appeal to parents. 

4.8. COs Will Progressively Replace 
Floppy Disks, but not Cartridges 

PC vendors, software publishers and distri
bution industries will all encourage the adoption 
of CD-ROM drives as a standard feature on 
home PCs. This will allow large, richly featured 
suites of software to be easily loaded, and will 
maximize the opportunities for additional profits 
from hardware upgrades as well as from CD-title 
sales. Since CDs are cheap to press but deliver 
richer content than floppy disks, higher margins 
can be achieved on CDs by everyone in the 
publishing and distribution chain. 

The Home and the Small Office/Home Office 
Markets for IT in Europe 

- Shipments of CD-ROM drives with new 
PCs and as upgrade kits are now moving well. 
Upgrade-kit shipments in Europe will peak 
at 3.75 million units in 1995. 

- Unless Nintendo and Sega radically change 
their plans, titles for video game consoles will 
remain primarily cartridge-based until 1998. 
Gradual growth in the base of CD consoles 
will take the percentage of CD titles to 23% 
by 1998. 

- Floppy disks are expensive to prepare, pack 
and ship, and can be easily overwritten by 
accident. As title content gets richer and soft
ware vendors bundle content and utilities 
with their new applications, the swing to CD 
for delivery of PC titles will accelerate. 

- In Europe, the proportion of installed PCs 
that can read CDs will reach 64% by 1998. 
The proportion of PC titles shipped on CD 
will also increase, reaching 78% of unit title 
sales in 1998. 

5. The Future of the Interactive Home 

Over the next decade, our ability to interact 
with PCs, televisions and other home appliances 
will cause revolutionary changes in the way we 
all work, relax, shop, learn, and have fun. The 
necessary technologies and standards are in 
place, regulatory attitudes are becoming favour
able, and in many countries the installed base 
of devices and delivery networks is already 
sufficient to enable the first wave of home
interactive applications to be delivered. 

- The range of interactive "titles" available is 
spreading beyond games to encompass all 
forms of education, reference and leisure 
activities (see Section 4). 

- On-line services for consumers are becoming 
accessible and easy to use, allowing new 
communities of people with shared interests 
to gather in "cyber space" to develop new 
ideas and friendships. 
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- Movies, sports events and a whole range of 
television programming will soon be avail
able on demand at start times to suit indi
vidual users. 

- A wide range of home-shopping services is 
planned, helping home users to learn about 
products and services, locate sources, 
browse, compare prices, make purchases and 
arrange delivery. 

These applications will present major new re
venue opportunities for information-technology 
suppliers at the end of the millennium and 
beyond. 

5.1. Long-term Social and 
Business Changes Will Stimulate 
Further Waves of Applications 

At various stages in the market's develop
ment, different groups of people will begin to 
spend their time and money in new ways. Tele
vision viewing, shopping and reading habits 
will change, as will the working hours of many 
white-collar workers and students. 

These new patterns of behaviour will pose 
major challenges to many industries. Advertis
ing, retailing, television and publishing will all be 
directly affected, but all companies selling goods 
and services to consumers will have opportu
nities to gain competitive advantages in sales, 
support and distribution. By cutting the cost of 
traditional staff and branch locations, while in
stalling new servers and networks at the appro
priate time, many businesses will increase profits 
and market shares. 

5.2. Change Is Imminent 

Visionary pronouncements by technology 
evangelists promising information at our finger
tips, new ways to learn and new forms of inter
active entertainment, are often treated with 
scepticism. Heavily hyped 1980s' products and 

services such as CD-i and Videotex disappointed 
their promoters and embarrassed their evan
gelists. However, four significant indicators 
suggest that the first wave of new interactive 
products and services for the home user are 
about to achieve real market success. 

- The price, quality and responsiveness of 
interactive titles on CD-ROM have become 
genuinely attractive. Sales of titles and of 
home PCs are booming, and in the US they 
are following video-games into consumer 
retail channels. 

- Critical mass has been achieved by standards 
that allow compressed images and sounds to 
be distributed cheaply and played back on a 
variety of appliances. Movies, for example, 
can now be pressed on CD, stored on servers 
and transmitted over networks using MPEG 
standard digital compression. 

- Skilled story-tellers and creative profession
als from the entertainment and publishing 
industries are experimenting with new tools 
that will enable them to author interactive 
titles and shows. The quality and volume of 
title output is increasing rapidly. 

- The US administration is taking the lead 
in encouraging the creation of electronic 
"highways", and the potential for educational 
and social benefits, if regulatory obstacles 
can be minimized, is becoming accepted in 
many countries. 

All of these indicators have been widely 
publicized in the media, and have triggered a 
surge of speculative investment. Most commen
tators agree that the changes are coming - the 
unanswered questions are "how soon?" and 
"how extensive will the changes be?". 
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5.3. Recent and Expected 
Developments in the US Market Will 
Be Slow to Materialize in Europe 

Interactivity with a television is not new. In 
the US alone, 47 million video-game systems 
from Nintendo and Sega allow users to control 
animated characters with vivid colour and sound. 
The top-selling interactive title (Sega's Sonic II) 
grossed more revenue in 1993 than the largest 
blockbuster movie (Jurassic Park). 

Local interaction with a PC in the home also 
became common by the late 1980s, but mainly 
for serious work and study activities. In 1994, 
cheap multimedia technology, and the adoption 
of CD-ROM as a distribution medium, acceler
ated and broadened the appeal of home inter
action based on PCs. 

Using simple techniques for adding sound, 
photo-realistic images and animation to PC 
applications, developers can create a multimedia 
title. Where it is appropriate to the title's pur
pose, video can also be added, since small video 
windows are supported on a growing proportion 
of home PCs through software decompression. 
As cheap MPEG-hardware upgrades become 
available, video playback will be full-screen and 
smoother. 

5.3.1. On-line Services Develop 
Community Spirit and Loyalty 

CDs provide low-cost delivery for fixed data 
and recorded audio and video, but for data which 
changes frequently, the user needs broadcast or 
networked delivery. Sports, news and weather 
data have their own channels on many national 
cable and satellite networks, with premiums 
charged for viewing the more attractive events. 
Some European TV viewers have access to 
broadcast teletext news and weather summaries 

The Home and the Small Office/Home Office 
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(Figure 16). Videotex services like Minitel 
(France) and Prodigy (US) have gradually 
become popular through persistent advertising, 
the broad range of services they now offer, and 
their convenient home-shopping facilities. 

35% of the 34 million home PCs in the US 
have a modem attached and could potentially 
access on-line data services. However, until 
recently, most on-line data was dull and difficult 
for non-technical users to navigate (although 
popular with college students). This situation is 
changing: 

- US on-line service suppliers now provide 
Mac- and Windows-user interfaces which 
have simplified access and navigation, and 
widened the base ofpossible users. 

- By creating services that focus on small, care
fully targeted communities, and encouraging 
active participation, some on-line services are 
achieving dramatic increases in user activity 
and expenditure. 

Users' ability to adopt an alternative persona 
when participating in game play has opened new 
avenues of communication for otherwise shy 
individuals, and for those whose age, remote 
home location or disability, limits their opportu
nities for face-to-face meetings. These services 
demonstrate that home users from many back
grounds will spend money to interact as part 
of fantasy adventures or ongoing debates in 
"cyberspace". In doing so, they become loyal 
members of far-flung communities that share 
similar interests and attitudes. The rapid growth 
and like-mindedness of these new communities 
would make them prime targets for advertisers, 
magazine publishers and TV content planners, 
if they could be reached. 
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Figure 16
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Figure 17
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Cable company
video server

Users an try four options*

1. On-demand access

to title 7 ECU per session

2. Subscribe to
premium channel 13 ECU per month

3. Rent the CD 4 ECU per day

4. Buy the CD 40 ECU once only

Retail store
or mail-order

Sold via cable,
satellite and/or
phone lines

Authors of new
"Interactive Titles" * Possible prices, based on

current US charges for movies

Published on CD-ROM

Figure l8
Each Title Can Be
Accessed in Four Ways

5.3.2. On-demand Entertainment -
I nteractive-TV Concepts Are B ei ng Tested

US Vice-President Gore's enthusiastic pro-
posals for an "information super-highway" as a
means of delivering high-quality information
and education to all communities in the US. has
provided a focus for commercial investment in
new networks to support interactive traffic. This
type of government attitude reassures potential
investors who fear regulatory interference, and,
if adopted in other countries, would encourage
collaboration between industries to build and
operate high-bandwidth, two-way networks.

Regardless of government attitudes, the new
networks are already being justified commer-
cially in many countries as a means of delivering
interactive titles and providing new types of
interactive entertainment and services. Investors
hope to improve their customers' choice and
convenience, and to let them determine the
start times for various activities.

On-demand delivery of movies is a proven
success in hotels and on aeroplanes, where a

wider choice of movie titles and start-times
has resulted in higher usage. A race is devel-
oping to offer this service to homes, and to
enhance it to provide other forms of video,
image and audio "on-demand", or at least
"nearly-on-demand".

Home-shopping TV channels have proved
successful in the US ever since channel
owners raised their product quality and the
style and pace of the studio presentation.
Interaction is mainlyvia product purchase so

far, but this is changing; phone-in questions
and testimonials are already popular.

Some trials allowing user participation in
TV shows have also proved popular, notably
playing along with game shows, choosing
camera views at sports events, and betting on
the outcome of events (where this is legal).
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Unfortunately, few of the trials have yielded 
an indication of the premium users will pay to 
have access to such services on a regular basis 
(Figure 17). 

5.3.3. Title Marketing Will Exploit 
Network Availability 

Once new networks are in place, the market
ing of any well-crafted piece of interactive mate
rial will include several different but comple
mentary distribution options. As with movies, 
newly-released titles will be made available on 
demand at premium prices.Iftheyprove popular, 
they will be rolled out progressively - first to 
premium subscription network clients, then to 
rental outlets, and finally to retail and mail-order 
channels for purchase (Figure 18). 

- Sega has already found that renting its titles 
in many countries increases overall revenue. 
In the US, it is signing up local cable partners 
for its Sega channel subscription service, 
launched late in 1994. At the proposed 
subscription rate of 8.5 ECU per month 
(for access to old and new titles), this service 
looks set for a massive success. At 42.75 ECU 
per title, parents only need to avoid two bad 
purchase decisions a year to feel that the 
service cost is justified. 

- Microsoft's new Baseball CD-ROM takes the 
opposite approach. The CD is sold initially, 
but by simply clicking one button, the user 
can connect to on-line services each day and 
update news and statistics on favourite 
teams. This is the first of a series of titles 
with on-line links. The potential for linking 
to live TV will allow further revenue-earning 
options to be added as network capacity 
expands. 

The Home and the Small Office/Home Office 
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Pricing and content choice for the different 
distribution options will need care. However, 
movie experience has shown that, with the right 
pricing, a slow-selling title can earn steady 
revenue from rental in video libraries, or as a 
subscription-service channel filler. 

5.3.4. Consumer Behaviour Changes 
Will Affect Many Industries 

As promotion and availability of new home 
interactive services increase, consumer behav
iour patterns will change. Time and money spent 
on new activities and interests will reduce the 
readership of conventional publications and the 
viewing figures for successful TV shows. Pub
lishers and TV-channel owners tend to assume 
that it will be several years before these changes 
become significant, but they may be wrong. 

- The boom in video games has dramatically 
reduced viewing of children's television and 
has forced TV content planners to change 
their products to include video-game char
acters, title reviews and game-play skill 
contests. 

- Although some families still gather in one 
room to watch TV every evening, many others 
already spread out to different rooms and 
pursue personal interests. Interaction with 
titles on PCs, CDs and networks will increase 
this dispersal. 

5.3.5. Advertising Firms 
Are Already Adapting 

Attempts to create interactive family activi
ties, with CD-i titles and play-along game shows 
that keep the family in a group at home, have not 
shown promising results in trials. Some partici
patory game shows work well as group enter
tainment in bars but, as with the rising cinema 
attendance in some countries, this may reflect a 
growing desire to get out of the home environ
ment and spend time with different people. 
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Figure 19
Broadcasters,
Publishers, Retailers
and Advertisers
Face New Market
Dynamics
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New show formats that appeal to a broad 
range of home viewers will be needed to main
tain scheduled-TV viewing figures at current 
levels. Otherwise many families will choose 
on-demand titles that appeal to everyone present 
in the family room. At other times, individuals 
in the household will choose their preferred 
material and watch, listen or interact in their 
own rooms. 

Users interacting with a title are beyond 
the reach of conventional advertising, as are on
demand viewers, except in the few minutes be
fore the movie starts. It will become increasingly 
difficult for advertising agencies to predict 
TV-viewing patterns as a basis for planning 
campaigns for their advertisers. The current 
practice of incorporating product logos into the 
background of video-games reflects the need 
for new advertising approaches (Figure 19). 

5.3.6. Home Shopping
More Pleasure, Less Pain? 

The potential changes in shopping patterns 
have even more profound implications for re
tailers, publishers and advertisers. While some 
people enjoy shopping and many others dis
like it, most people will find the new interactive 
services helpful in some part of the purchasing 
process. 

In particular, the new services will allow 
anyone who has interactive skills to avoid the 
unproductive and time-consuming parts of the 
shopping process, leaving more time for the parts 
that they enjoy. 

- For transactional services, such as buying in
surance or travel tickets, all five stages of the 
shopping process can be made interactive. 
TV shows, CD-catalogues, or on-line cata
logue services, can attract interest, suggest 
sources of supply, provide brand choice, pre
pare quotations, allow credit-card purchases, 
and automatically mail confirmatory docu
mentation, tickets and warranties. 

The Home and the Small Office/Home Office 
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For manually-performed services, such as 
household repairs, meal delivery or interior 
design, everything except delivery and in
stallation can be provided through the new 
services. Interactive Yellow Pages or regional 
TV shows can suggest suppliers, provide on
demand testimonials from other customers, 
show product options and allow designs to be 
tried interactively (hairstyles on an image 
of your face, kitchen layouts on your floor
plan, etc.). 

- Some goods requiring collection or delivery, 
such as a clothing, consumer electronics and 
durables, already sell well through mail-order 
catalogues, particularly where they are repeat 
purchases, or practical rather than fashion 
items. With new TV- and PC-based services, 
the range of goods that can be sold will be 
substantially widened to include complex 
items and fashionable, fast-changing product 
lines. 

Interactive services can answer home 
shoppers' questions, allow them to see product 
demonstrations and to hear expert advice. 
Skilled users can interact to obtain any amount of 
additional product detail from on-line databases. 
QVC has demonstrated that viewers' buying 
habits can also be influenced by celebrities' 
commentaries on fashion trends. 

TV-shopping channels produced to a high 
standard are already popular. Increasing the 
choice of start time and subject is expected to 
augment viewing figures and attract busier 
people into the audience. Investors' interest in 
home shopping via cable, centres on the poten
tial for targeted advertising and the value of 
goods and services that could be sold directly to 
specific customers through the TV channels. 

Forecasts of take-up rates for new shopping 
services require careful household segmen
tation, a strong base of demographic data and 
large-scale research into consumer preferences. 
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Issues concerning retail geography, such as 
proximity to stores or whether people are at 
home to accept delivery, will be important. 
Individual desires, such as getting out and about 
rather than watching TV, need to be weighed 
against practical issues, such as store opening 
hours for working couples, and lack of mobility 
for older shoppers. 

5.3.7. Interactive Ordering Cuts 
Infrastructure Costs and Reduces Prices 

The target users' willingness to interact may 
prove to be the most important factor in deter
mining how quickly different shopping services 
will be adopted, and which industries will be 
affected most rapidly. 

- Industries selling to knowledgeable, inter
active users, have already adopted voice
based, centralized telephone ordering, and 
have cut costs by reducing the number of 
locations and staff. Their efforts now focus 
on delivery logistics, improving resource 
allocation and offering promotional pricing 
to dispose of excess inventory (Figure 20). 

- Frequent flyers provide the best example. 
Central phone-based ordering and gold-card 
systems for storing customer preferences 
and credit records, simplifies reservation 
processing and checking-in. The number of 
clerks and ticket desks needed for car rental, 
hotel and airline transactions, have fallen 
rapidly in a period of rising traffic. Advance 
phone ordering now gets the traveller the best 
prices, plus upgraded accommodation where 
it is available. Infrequent customers walking 
into branches and agencies pay premium rates. 

- Market shares in the UK domestic-insurance 
market have been dramatically changed by 
the success of Direct Line, which provides 
telephone-based auto and household 
insurance. The branchless bank First Direct 
has also grown rapidly by targeting young, 
successful executives. 

A factor in the success of these new services 
was the timing of the launch. The target-cus
tomer groups had become accustomed to dis
closing their credit-card details over the tele
phone, and had the verbal skills to conduct the 
transactions accurately and confidently. 

Certain groups of home-PC and Videotex 
users now have the necessary interactive skills to 
use 24-hour, TV or PC-based transaction services 
instead oftelephone or voice-based alternatives. 
Home banking is a major growth area for the 
French Minitel service, as is banking and share
trading through US on-line service vendors 
CompuServe and Prodigy. Widespread adoption 
of on-line transaction processing from home 
would allow staff costs to fall further, while cus
tomers would benefit from being able to review 
options at their own pace, check the purchase 
details visually and have confirmations printed 
out on home or office printers. 

Once this pattern becomes established, new, 
chargeable home services targeting these knowl
edgeable interactive users will be introduced -
for example, cooked-meal delivery, health and 
diet advice, vacation planning or investment 
reviews. The services can be extended to other 
groups of users as their skills improve. The 
potential changes to the infrastructure of the 
restaurant, healthcare, travel and banking in
dustries create new opportunities and threats. 

6. Research Methodology 

INTECO's research methodology focuses 
on large-scale demand-side research with end 
users. This takes the form of structured field 
surveys with business establishments: from the 
very smallest to large sites with 500 or more 
employees in each country. For the purpose of 
studying the small-office marketplace, only 
the subsets of small sites yield information 
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Figure 20
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for analysis. A second method uses a consumer of both households and workers. In the last few
market research technique known as omnibus yearsINTECOhassponsoredover100,000inter-
interviewing.Omnibus interviews are conducted views with individuals in the home and at small
face-to-face in the home in Europe. The samples business sites. These interviews underpin the

are always large (at least 2,000 people per analysis in this report.
country) and are designed to be representative
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Mobile Computing and Communications in Europe: 
Towards a Digital Wireless World 

This paper has been provided by Dataquest 
Europe in close cooperation with the EITO Task 
Force. 

The need for communications in the modern 
world has led to the current demand for tele
phones and the growth of the large telecommu
nications networks that reach to virtually every 
part of the globe. Now travellers can call almost 
anywhere in the world from wherever they are 
staying or working. 

At the same time, the extent oftravel has also 
increased. The use of cars and the growth of fast 
road networks means that people are more in
clined to drive further, be it to shop at out-of-town 
superstores, attend multiplex cinemas, or simply 
to commute further and further to their place of 
work. In parallel with the movement of people is 
the movement of business. Companies tend to 
be more decentralized, taking advantage of exist
ing communications and travel networks, and 
considering a variety of other local factors be
fore deciding on the location of a factory, depot, 
retail outlet or other establishment. The same 
reasoning also applies internationally, with com
panies making little distinction, if any, between 
the "home" country and any other part of the 
operation. 

The net effect is that people are spending 
more time travelling and less time at home or in 
the office. Indeed, increasing numbers of busi
ness people spend most of their time travelling 
from location to location, living in hotel rooms 
and with no real office at all. Consequently, more 
and more people are spending more and more 
time out of reach of the fixed telecommunica
tions networks. 

The answer to the business person's prayer is 
a mobile phone and a notebook computer. The 
former allows continued communications with 
the office, so that decisions are not delayed for 
instance, and the latter allows productive use of 
time between locations orin hotel rooms. Put the 
two together, and the business traveller has effec
tively a mobile office. If the package is attractive 
enough, with lower costs and additional value
added services, then mobile communications 
will also appeal to a much broader, consumer 
market, with the potential to ultimately impact 
the current reliance on the fixed network. 

In the following paper we will look at: 

- the factors that will promote the growth 
of mobile communications; 

- the regulation and standards environment 
in Europe; 

- the market growth of the various mobile 
voice and data technologies and notebook 
and handheld computers; 

- marketing strategies for the various commu
nications and computer technologies; 

- markets of the future; 

- mobile communication in Europe compared 
with the rest of the world. 

Each of these aspects of the wireless world is 
discussed in detail, with particular emphasis on 
the European arena. 

Table 1 summarizes the various mobile com
munications technologies covered in this paper, 
including a description of each technology and 
examples ofusage and applications. 
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Technology Description Applications 

Paging Initially simply signal transmission to alert the Horizontal applications for anyone 
receiver to call a pre-determined number. who needs to stay in touch. Broadcast 
Now includes short text messages, and new services applicable to financial services 
developments include broadcast data services. market, travel information, etc. 
Extensive international coverage already available. 

Analog The first form of mobile phone. Based on cellular Primarily mobile voice applications. 
Cellular technology, i.e. communications via a transmitter Not amenable to data communi-

covering a single cell of limited range, with com- cations. 
munications passed from cell to cell. The signal 
varies in frequency, as with the fixed telephone 
network, hence data communications are difficult. 

Digital Latest generation of mobile phones, using cellular Primarily mobile voice applications, 
Cellular technology but based on digital transmissions. but GSM includes some data 

There are two main standards : standards, with more coming. 

GSM: The European standard which includes data International adoption ofGSM means 
transmission options. increasing international "roaming". 

DCS-1800: GSM-based but designed for Personal 
Communications Networks (PCNs) and aimed at 
the personal voice communications market. 

Public Mobile A mobile radio network with dedicated frequency Aimed at the needs of the high-
Radio channels. To accommodate demand, "trunking" mobility sector. Applications include 

has been introduced, which allows several global positioning, temperature 
organizations to run private networks by sharing readings from refrigerated trucks, etc. 
a single channel. Data services are a growing 
element, with document transfer envisaged. 

Packet Mobile A system whereby data is formatted into discrete Initial applications included radio 
Data pieces before transmission. Each "packet" is routed despatcher services and use in closed 

independently to its destination, which allows sites such as docks and ports. 
greater use of the network and a higher degree of Now implemented in public services 
data robustness compared with alternative systems. in various European countries. 
Compatible with fixed X.25 packet switched 
networks. 

1. Removing the Obstacles 
to a Wireless World 

1.1. Standards 

One ofthe main obstacles to a wireless world 
is the number of competing standards in every 
area of mobile communications and computing. 
This has the effect of keeping markets small and 
hence costs high, whilst at the same time con
fusing the potential customers. The UK, for 

example, now has three cellular technologies for 
voice communications and at least 10 separate 
tariffs. With a market that complex forvoice com
munications, it is no wonder users are confused 
about the choice for mobile data. 
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Mobile data will be at the heart of a number of 
new products, such as the E-Pin, the electronic 
equivalent of the Post-It note, but for such 
products to be a success there is a need for many 
more standards in such areas as : 

- computer hardware; 

- operating system software; 

- communications hardware; 

- communications infrastructure. 

In all of these, standards are lacking or will not 
support the type of products currently envisaged. 
The most well known standard in the personal 
computer market, for example, is the IBM PC 
compatible de-facto standard, but even this can
not support the sort of handheld devices being 
developed with current technology. Even if 
new standards continue to be based on the PC 
compatible platform, they will take some time to 
develop. 

The initial aim of computer hardware and 
software companies is in developing viable prod
ucts. The technology comes first, but issues of 
compatibility are not far behind. All major com
puter manufacturers now compete in a global 
market, and hence try to make their products as 
widely compatible as possible. The result is con
tinuing alliances in an attempt to develop ad hoc 
standards that may, at some future date become 
internationally adopted. 

The software required to drive E-Pin for 
example, is at an early stage of development ~ith 
many of the companies worrying more about per
fecting the technology than compatibility. There 
is some hope though; a large number of software 
developers have now standardized on a trans
mission format, or "ink". The standard, named 
Jot, should result in an interchange mechanism 
for the contents of a scribbled electronic Post-It 
note between directly connected, dissimilar com
puters. 

The communications infrastructure is some
what different, with national governments al
ways having a certain degree of involvement in 
its development. Initially this was direct control 
via a monopoly public organization, but direct 
involvement has decreased with de-regulation, 
although governments will always play a signifi
cant role, in the allocation of radio frequencies 
forexample.As a consequence, communications 
regulations and standards have always been a 
much more national affair, developed slowly over 
time with national interests at heart, and this is 
particularly true of the development of analog 
cellular services. Table 2 shows the various opera
tors and technologies used for analog cellular 
telephone networks in Europe, together with 
their launch dates. 

With the rapidly expanding mobile commu
nications market, the increasing use of data over 
the networks and its integration with portable 
computers, the emergence of new added value 
services, and the general convergence of commu
nications with other technologies, the need for 
standards is an ever increasing one. At the same 
time, if standards are developed on a national 
basis the markets are likely to develop more 
slowly, rely on de-facto standards developed by 
manufacturers, or have to settle on standards 
developed in other major international markets. 

The development of the GSM (Global Sys
tem for Mobile communications) standard in 
Europe has shown that international standards 
can effectively promote market growth. For new 
markets to blossom and Europe to remain at the 
forefront of global communications develop
ments, international standards in Europe are 
increasingly essential. 
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Country 

Andorra 

Austria 

Belgium 

Cyprus 

Denmark 

Faroe Islands 

Finland 

France 

Germany 

Iceland 

Ireland 

Italy 

Luxembourg 

Malta 

Netherlands 

Norway 

Portugal 

Spain 

Sweden 

Switzerland 

Turkey 

UK 

Operator 

PTT 

PTT 

PTT 

Belgacom Mobile 

Cyprus Telecom 

Tele Danmark Mobil 

Tele Danmark Mobil 

PTT 

PTT 

Telecom Finland 

Telecom Finland 

France Telecom 

France Telecom 

Deutsche Telekom 

PTT 

Eircell 

Telecom Italia 

Telecom Italia 

PTT 

Telecell 

PTTTelecom 

PTTTelecom 

Tele-Mobil 

Tele-Mobil 

TMN 

Telefonica 

Telefonica 

Comvik 

Telia 

Telia 

PTTTelecom 

PTT 

Vodafone 

Cellnet 

Mobile Computing and Communications 
in Europe 

Technology Launch Date 

NMT-450 July 1990 

NMT-450 Nov. 1984 

TACS-900 July 1990 

NMT-450 April 1987 

NMT-900 Dec. 1988 

NMT-450 Jan. 1982 

NMT-900 Dec. 1986 

NMT-450 Jan. 1989 

NMT-900 June 1992 

NMT-450 March 1982 

NMT-900 Dec. 1986 

Radiocom 2000 Nov. 1985 

NMT-F (450Mhz) April 1989 

C-450 Sep. 1985 

NMT-450 July 1986 

TACS-900 Dec . 1985 

RTMS Sep. 1985 

TACS-900 April 1990 

NMT-450 June 1985 

TACS-900 July 1990 

NMT-450 Jan. 1985 

NMT-900 Jan. 1989 

NMT-450 March 1982 

NMT-900 Dec. 1986 

C-450 Jan. 1989 

NMT-450 Nov. 1982 

TACS-900 April 1990 

Comvik Aug. 1981 

NMT-450 Oct. 1981 

NMT-900 Dec. 1986 

NMT-900 Sep. 1987 

NMT-450 Oct. 1986 

TACS-900 Jan. 1985 

TACS-900 Jan. 1985 
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1.2. Frequency Allocation 

One of the most important and complex fac
tors determining the implementation and suc
cess of new wireless communications products 
and services is the allocation of frequencies. 
Radio frequency has become a valuable com
modity, sought after by the military, broadcasters 
and communications operators. Historically in 
Europe, spectrum has been allocated at a nation
al level, with international co-ordination under 
the auspices ofbodies such as the WARC (World 
Administrative Radio Conference) and CCIR 
(Comite Consultatif International pour Radio) 
resulting in largelyvoluntaryagreements. Conse
quently local requirements and political empha
ses have often led to different solutions in both 
spectrum allocation and technology choices. 

However, the amount of radio frequency 
allocated to a communications operator and its 
location in the electromagnetic spectrum is key 
in determining the capacity and capabilities of 
wireless communications offerings. The frequen
cy available relates directly to the cost per sub
scriber and hence the types of services offered 
and the tariffs charged. The lack of frequency 
available for analog cellular has been a major 
contributing factor in the development of digital 
services. 

The problem has been alleviated to some exte
nt by Pan-European standards such as GSM 
and DECT (Digital European Cordless Telecom
munications), which have involved new inter
national programs with co-operative efforts to 
agree frequencies, backed up by European Com
munity directives. As a result, the telecommuni
cations organizations in Europe now have an ally 
in negotiations with national governments over 
frequency allocations for new services. 

Such international programs have benefited 
European suppliers, operators and consumers by 
promoting common standards for roaming, for 
instance, and by generating economies of scale. 
Whilst it takes time to agree such allocations, 
requiring as it does the input of many interested 
parties within a number of countries, the ulti
mate benefits are clear. 

1.3. Infrastructure 

The cost of introducing new mobile technol
ogies is enormous because of the infrastructure 
needed to support them. The vast expense makes 
introduction a slow process, especially when lib
eralization has yet to hit all markets within Eu
rope. Since the major use of any network is voice 
this is the operators' main priority, so whilst 
implementing a data service involves relatively 
little cost, operators are more inclined to spend 
the money on subsidizing handsets, for instance, 
to attract more voice customers. A significant 
factor is that the average length of a voice call is 
nearly ten times the average data call, hence data 
communications represents less revenue for the 
network operator and worse utilization of the 
network. 

However, international standards have made 
cellular communications a target market. The op
erating environment has become more competi
tive, with more players competing for new sub
scribers, and each of these subscribers is worth 
less to the operator. Increasingly operators need 
to offer additional services to generate revenue 
and to differentiate themselves from the compe
tition. As a consequence, data services have 
started to appear and will proliferate in the 
coming years, along with services directed at 
a number of other market sectors. 

With the adoption ofG SM the market for the 
suppliers of the infrastructure is also much more 
competitive. These suppliers now need to be 
much more responsive to the operators' current 
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and future needs.As attention turns increasingly 
to issues of cost and value-added services, the 
infrastructure suppliers need to anticipate the 
operators' marketing requirements to support 
them fully. 

1.4. Cost/Performance 

As mentioned already, the initial focus of cel
lular communications was on voice. For some 
time demand has outstripped supply, and opera
tors have concentrated on positioning the service 
package to attract a wider and wider market base. 

The introduction of GSM services has had 
two effects on this situation. Firstly, as an inter
national standard it has attracted more operators 
and suppliers into the market, all eager to benefit 
from the market demand. As a consequence 
competition has become fierce, charges have 
fallen, take-up of services has increased, but the 
revenue per subscriber generated by each op
eratoris no longer growing at the rate it once was. 
The second factor is that GSM allows for a great 
deal of functionality in a network, much more 
than previously possible. Now operators can 
compete on the functionality and tange of serv
ices offered to customers, and hence differentiate 
themselves in that way. 

As penetration of the market continues, the 
revenue generated by each subscriber to the basic 
service will inevitably decrease. Operators will 
need to turn to providing higher value services to 
maintain margins and revenues. 

1.5. Competition 

The competition that has come with GSM 
will have a marked impact on the operators. With 
analog cellular services, operators needed to do 
little except make the service available and sit 
back and count the money. Only in the early '90s, 
has the real marketing of mobile technologies 
started. 

Mobile Computing and Communications 
in Europe 

As competition increases and revenue 
streams start to slow, operators are being forced 
to examine where future subscribers will come 
from. The emphasis now is on identifying niche 
markets and tailoring services to suite those mar
kets. With the flexibility and functionality of digi
tal services, the possibilities for specialized offer
ings are almost endless, and are likely to keep 
the operators' marketing departments working 
well into the night. Whilst this is generally good 
news for users in terms of cost, the likelihood is 
that a confusing variety of services and options 
will emerge over time. 

1.6. User Acceptance 

Cellular services used to be high-priced and 
aimed at senior executives. Mobile phones 
earned a "yuppie" reputation, particularly in the 
UK and the Netherlands, and were not thought 
of as usable for the average worker or as a com
moditybusiness tool.Now,however, the technol
ogy has started to reach down to the "ordinary" 
worker. The second wave of users has been small 
companies for whom phone calls were vital and a 
missed call could mean a missed business oppor
tunity. This market has been the main driver 
in growth in the late 1980s and early 1990s. As 
yet, though, there is still not a mass market ac
ceptance of mobile communications. 

The highest penetration for mobile phones is 
in Scandinavia, where services started, and mo
bile data has also been available there longer than 
anywhere else. Despite this, mobile data com
munications have not taken off. It would appear 
that users do not perceive an immediate need for 
this technology or have an appreciation of what it 
can do. There is a need for educating potential 
users and, more importantly, producing products 
that people want to buy. 
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Products will only sell into the consumer 
market if they can be seen to be : 

- Capable of working anywhere , i.e. both 
inside and outside a building, and over most 
of the country. In technical terms, good 
penetration and broad coverage. 

- Reliable so that they will work 95% of the time. 

- Demonstrable so that someone will want 
to buy them. 

- Affordable so that potential customers 
can buy them. 

Since technical, infrastructure and political 
reasons make this ideal still a way off, at least for 
Europe as a whole, the business market remains 
the main opportunity in the short term. However, 
communications vendors need to examine the 
customer's business to find out what problems 
the technology can solve. This is a slow process 
that has only recently been embarked on, and will 
be helped by the increasing spread of local area 
network and electronic mail that is bringing the 
electronic enterprise nearer. 

2. Regulation and Standards 

2 .1. Framework for Success? 

The introduction of standards for analog cel
lular services in Europe has been a story of patchy 
introduction to suit local-national requirements. 
By contrast the development of digital cellular 
in Europe has seen co-operation across the in
dustry on a previously unprecedented scale. 

From the early 1980s, it became apparent that 
a standard which was adopted in all European 
countries would provide significant benefits to 
operators, manufacturers and users alike. Having 
originated within the CEPT (Conference Euro
peenne des administrations des pastes et des 
telecommunications), GSM became one of the 
first major projects for the European Telecom
munications Standards Institute (ETSI) . Input 

into the developing standard thus came from a 
wide variety of sources - although primarily 
from operators and manufacturers. 

The European Commission played a key role. 
Its frequency directive to member states was 
intended to guarantee that sufficient spectrum 
would be available to operate competitive servi
ces. In attempting to open the market to competi
tion as much as possible , the Commission issued 
directives to ensure competitive provision of 
services, mutual recognition of terminal type-ap
proval, and open procurement of infrastructure 
equipment. 

The European Commission also played an 
important supporting role in the establishment 
of the GSM Memorandum of Understanding 
(MoU) group of existing and prospective opera
tors. Originally signed by 12 European countries 
in September 1987, the MoU was seen as crucial 
in gaining a co-ordinated implementation of 
GSM to facilitate international roaming. The 
MoU now comprises a number of working 
groups which have been set up to create policies 
on such practical issues as open network inter
face standards , inter-country roaming etc, and 
provides the operators ' collective input to the 
standards setting process , with a focus on com
mercial and financial considerations. 

The major focus of all these co-operations 
and directives, has been to create a standard 
which makes the best use of available spectrum 
and hence maximizes subscriber capacity. Con
sequently it provides economies of scale and at
tracts greater competition amongst suppliers, at 
the same time allowing for a trade-off between 
equipment and service features and prices. All 
these factors are inter-linked, with the overall 
aim to create a standard which would offer the 
maximum market potential within Europe , and 
which would further repay the co-operative ef
forts through its subsequent exportability out
side Europe . 
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Country 

Austria 

Belgium 

Denmark 

Finland 

France 

Germany 

Greece 

Iceland 

Ireland 

Italy 

Luxembourg 

Nether lands 

Norway 

Portugal 

Sweden 

Switzerland 

UK 

Operator 

PTT 

Belgacom 

Tele Danmark Mobil 

Sonofon 

Telecom Finland 

Radiolinja 

France Telecom 

SFR 

Deutsche Telekom 

Mannesmann Mobilfunk 

E plus 

Panafon 

STET Bellas 

PTT 

Eircell 

Telecom ltalia 

Omnitel Pronto ltalia 

PTT 

PTTTelecom 

Tele-Mobil 

Netcom 

TMN 

Telecel 

Telia 

Comvik 

Nordictel 

PTTTelecom 

Vodafone 

Cellnet 

Mercury One20ne 

Orange 

Mobile Computing and Communications 
in Europe 

Standard Launch Date 

GSM Dec. 1993 

GSM Jan. 1994 

GSM July 1992 

GSM July 1992 

GSM July 1992 

GSM July 1992 

GSM July 1992 

GSM Dec. 1992 

GSM July 1992 

GSM June 1992 

DCS-1800 May 1994 

GSM July 1993 

GSM July 1993 

GSM Aug. 1994 

GSM July 1993 

GSM Oct. 1992 

GSM Dec. 1994 

GSM July 1993 

GSM July 1994 

GSM May 1993 

GSM Sep. 1993 

GSM Oct. 1992 

GSM Oct. 1992 

GSM Nov. 1992 

GSM Sep. 1992 

GSM Sep. 1992 

GSM March 1993 

GSM July 1992 

GSM Jan. 1994 

DCS-1800 Sep. 1993 

DCS-1800 April 1994 
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Given such complex goals, it was perhaps 
not surprising that the standardization process 
ended up taking longer than had been envisaged. 
Hence, the specification was split into two pha
ses; phase 1 concentrated on defining a limited 
set of"basic" functions, to facilitate commercial 
implementation, whilst phase 2 represents the 
full GSM standard. Even so, the launch date of 
July 1, 1991, proved impossible to meet. Com
mercial services were finally launched in mid-
1992 after delays in finalizing specifications, and 
Table 3 details the services in operation in Europe 
in November 1994 and their dates oflaunch as a 
pilot or full service. With phase 2 specifications 
to become available from late 1994, developers 
have already started to consider additional func
tions which would further enhance GSM's long
term potential- the so-called phase 2+ elements. 

Whilst the GSM specification includes many 
novel features and functions it is largely up to the 
operators to decide which elements they wish to 
implement on their networks and when. Given 
perceived demand and the incomplete nature of 
data specifications, the initial focus has clearly 
been on voice services, with short messaging 
available on a limited number of networks, and 
only in 1994 were full data services starting to 
appear. 

GSM is well positioned to become the de
facto standard for first generation digital cellular 
and also the world's most pervasive standard for 
remote data communications. A fact recognized 
by computer manufacturers as well as potential 
users. Despite the difficulties in developing the 
standards, GSM has put Europe at the leading 
edge of global data communications develop
ments. 

2.2. Barrier to Opportunity 

By contrast, there is no agreed international 
standard for packet mobile data. Currently two 
proprietary (but opened) systems are competing, 
one originating in Europe, Mobitex, and the 
other in the US, DataTAC. With both systems 
having some success, it is not clear which of the 
two, if either of them, will emerge as a universal 
de-facto standard. 

In this market situation it is debatable which 
is better; to allow the market to decide between 
the existing, working and successful possibili
ties, or to develop a completely new standard. 
The former allows faster market development, 
but may store up problems for compatibility and 
multiplying standards in the future, and does not 
help to promote specific European interests, 
whilst the latter could delay market development 
in Europe, and may in any case ultimately come 
up against a well established de-facto standard in 
one of the currently competing offerings. 

Market development in various communica
tions sectors is now starting to move so rapidly 
that in the future it may not be feasible to develop 
international standards from scratch. In the case 
of packet mobile data there are already some 
standards that can be applied, now or in the fu
ture; the Trans European Trunked Radio Access 
(TETRA), currently underdevelopment, is a pan
European digital trunked radio system designed 
to support both voice and data communications, 
and there is also the possibility of a standard 
emerging from ETSI. 

Whilst the agreement within Europe on inter
national standards can promote the growth of 
services and place European interests at the fore
front of developments, there will increasingly be 
a need for a pragmatic approach to ensure that 
the time taken to develop new standards does not 
have the reverse affect. 
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2.3. Common Agreement 

One way of helping Europe to stay ahead in 
agreements on international standards, and 
hence market developments, is to look to other, 
non-governmental, bodies to assist in the proc
ess. The GSM MoU group and the Mobitex op
erators association are examples of groups that 
have had the mutual adoption of a technical 
standard amongst their common goals. 

In the future it may be necessary to look to 
a combination of long-established standards 
bodies, like ETSI, and also established and new 
groups of operators and manufacturers to rapidly 
develop, or adapt, standards. If they are initially 
adopted as common agreements before any in
ternational ratification at least market develop
ment will not be impaired. 

3. Towards the Mass Market 

3.1. Paging 

Paging was one of the first wide area radio 
communications technologies, made available in 
Europe during the early 1970s. Until recently 
services were provided exclusively by the PTTs 
(Post, Telegraph and Telecommunications ad
ministrations) or other national monopoly op
erators in Europe, but have now been opened 
to competition from independent operators in 
several countries. The market in Europe is well 
established, with a reliable infrastructure to sup
port the services, but as yet usage remains rela
tively low. Penetration rates of paging in Europe 
are currently running at under 1%, compared 
with around 8% in the US and 15% in Japan. 

Mobile Computing and Communications 
in Europe 

The market has come under increasing pres
sure from the introduction of relatively low-cost, 
two-way mobile communications services in the 
last few years, although paging services have the 
advantage of already allowing users to be con
tacted as they travel across national boundaries. 
The international agreement of the Euromes
sage Consortium, for instance, covers most of 
Western Europe, and some paging operators 
have adopted satellite communications tech
niques to extend the reach of their coverage. 

As well as offering increased geographic cov
erage, the paging service operators are having to 
evolve new marketing strategies in an effort to 
maintain their markets. These centre on promot
ing pagers to domestic consumers and on supply
ing value added services over the network, such 
as broadcast data services. These broadcast serv
ices are like the teletext data transmitted with 
television signals, but differ in that the paging 
version can be addressed to one individual or to 
specific groups. This allows the data pager user 
to subscribe to receive specific types of informa
tion only. 

To receive these new value added services 
subscribers need "smart" paging receivers that 
have text or graphical displays, relatively large 
memories and a degree of processing power. The 
information provided by network operators can 
range from a continuous feed of financial infor
mation, such as currency, stock and commodity 
exchanges, to traffic and congestion reports and 
details of theatre ticket availability, with data 
updated as frequently as once a minute. Many 
systems allow users to set their own alarm limits, 
so, for example, a business user may know that 
it is time to buy or sell a particular stock when the 
pager's alarm sounds. 

The type of information available through a 
paging service can be extended when the pager is 
combined with a handheld computer, although 
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Year 1992 1993 1994 

Unit Shipments (1,000) 897.7 1,005.4 929.2 

Year-end Subscribers (1,000) 2,754.3 3,130.9 3,329.8 

not always as part of the same unit. Pager "mes
sage cards" can be carried in a pocket or handbag 
and receive and store messages, notifying the 
user with a beep or a flashing light when a mes
sage is received. The user can then insert the 
pager card into the host machine's PCMCIA slot 
to download the message for viewing and infor
mation processing. The use of such technology 
has the potential to increase revenues for the 
paging service providers. 

The decreasing size and availability of pager 
units destined for handheld computers has made 
the pager companies increasingly seek alliances 
in the mobile computing field. The latter, looking 
for continent-wide coverage, want to join with 
pager companies that can offer a combination of 
value added services and pan-continental cover
age through the use of satellite based repeater 
backbone networks. 

The long range hope for the European pager 
business is the launch of the ERMES (European 
Messaging System) pan-European, digital paging 
network. It uses common frequencies through
out Europe and can handle much higher data 
transmission rates. However, it remains to be 
seen whether paging market developments will 
increase the relatively low penetration rates in 
Europe, and whether the technology has a clear 
role in the true mobile data communications 
markets ofthe future. AsTable 4 shows, after a fall 
in shipments in 1994 the market is expected to 
grow at around 5% a year, in terms of both ship
ments and subscribers, with an increase in ship
ment growth at the end of the forecast period. 

Growth 
1995 1996 1997 1998 

95-96 

991.8 1,045.3 1,090.5 1,189.2 5% 

3,533.5 3,724.5 3,900.1 4,098.6 5% 

3.2. Cellular Communications 

3.2.1. Analog 

Growth 
97-98 

9% 

5% 

The first truly commercial analog cellular ser
vices in the world were launched in Scandinavia 
around the end of1981, based on the Nordic Mo
bile Telephone NMT-450 technology developed 
jointly between Nordic operators and manufac
turers. The services proved an immediate suc
cess, and by the end of1986 had been launched in 
most other European countries. Success in the 
Nordic countries was such that by 1985 capacity 
around major cities was alreadyunderstrain.Fur
ther co-operation between Nordic operators and 
manufacturers resulted in NMT-900,designed to 
support greater traffic densities and the use of 
hand-portable units. Initially launched across 
the Nordic region in December 1986, NMT-900 
was subsequently adopted as a second system 
in the Netherlands, and for the first network in 
Switzerland. 

Such co-operation was not, however, a wide
spread feature ofthe European analog cellular in
dustry at a time when the implementation of tele
communications standards and the allocation of 
frequencies was primarily a national function. 
Spain,Austria, the Benelux countries and Turkey 
used modified versions ofNMT-450, but other 
operators, for either political or pragmatic rea
sons, e. g. availability of frequencies, decided to 
adopt different standards. 

Table 4 
European Paging 
Market Forecast, 
1992-1998 
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Figure I
European Paging
Market Forecast,
Annual
Unit Shipments,
1992-1998

Figure 2
European Paging
Market Forecast,
Subscribers in
Senice at Year-end,
1992-1998
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Country Year tr
V

1992
Shipments (1,000)

1993
Shipments (1,000)

t994
Shipments (1,000)

Growth
92-93

Growth
93-94

France 76.1 55.4 32.3 -270/o - 420/o

Germany 273.1 108.6 s9.6 - 600/o - 450/o

Italy 311.4 s30.6 995.8 700/o 880/o

Spain 91.3 1T4.2 157.4 250/o 380/o

UK 395.2 862.2 1,455.8 1l8o/o 690/o

Rest of Europe 5t2.1 64t.7 672.8 250/o 5o/o

Europe 1.659.2 2,312,7 3373.7 390/o 460/o
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Table 5
Analog Cellulor
Telephone Handsets,
Annual Unit
Shipments,
1992-1994

Figure 3
Analog Cellular
Telephone Handsets,
AnnualUnit
Shipments by Country,
1994

A modified version of a US standard, known
as TACS flotal Access Communications System)

was chosen in the UK and Ireland. Launched
at the start of 1985, it supported the first hand-
portable units in Europe, and when the UK op-

erators ran into capacityproblems awilling regu-
lator extended frequencies. Success in the UK
market helped to make TACS an attractive op-
tion for Italy, Austria, and Spain when choosing
their second analog systems.

In France, Germany and ltaly, the PTO (pub-

lic telecommunications operator) turned to local
manufacturers for initial solutions - adopting
Radiocom 2000, C-450 and RTMS respectively.
In France, where availability of frequencies has

generally proved problematic, a second operator
was licensed and implemented yet another
standard variation in NMT-F.

The European analog cellular market, then,

represents not one market but several - a patch-

work of systems launched over the past decade

with limited areas of roaming.With the advent of
better digital services the growth in analog cel-

lular shipments and subscribers in Europe has

slowed, and has already peaked in France and

Germany. Shipments are still increasing in Italy
and the UK, and between them these two coun-
tries constitute almost three quarters of the total

Germany 2olo

Rest of
Europe 200/o

European shipments in 1994. As Thble 7 shows,

shipments for Europe as a whole are expected
to peak in l994,with the number of subscribers
increasing until 1996 before falling away again.

As a medium for data transmission, analog

cellular combines the normal problems asso-

ciated with the Public Switched Telephone Net-
work (PSTN) with the characteristics of analog

radio propagation and cell-to-cell handover. The
latter is a particular problem which often results
in data dropout, consequently any modem used
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Table 6
Analog Cellular
Telephone Subscribers
in Senice at Year-end,
r992-r994

Figure 4
Analog Cellular
Telephone Subscribers
in Senice by Country
at Year-end, 1994

Table 7

European Analog
Cellular Market
Forecast,
I 992-1998

Germany 7olo

on an analog cellular network must employ a

robust error correction protocol. Some products
developed specifically for cellular use combine
multiple error correction techniques, and may
even incorporate a layered protocol to establish
and manage the data link for effective informa-
tion transfer.

The prospective user of data-over-cellular in
an analog system requires a cellularphone, a data
interface providing a standard telephone socket
for the connection of a modem or fax machine,
and a suitable modem to provide remote access

to his PC or terminal. If a specialized modem is
used with the cellularphone then there must be a

similar unit either at the ultimate receiving end
or within the fixed part of the cellular network.

Country Year D
V

t992
Subscribers (1,000)

1993
Subscribers (1,000)

r994
Subscribers (1,000)

Growth
92-93

Growth
93-94

France 437.0 470.0 439.6 8o/o - 60/o

Germany 780.6 806.0 739.0 3o/o - 8o/o

Italy 782.8 1,210.8 2,100.0 550/o 730/o

Spain 180.7 258. I 364.8 430/o 4lo/o

UK r,397.2 r,957.8 2,997.8 400/o 530/o

Rest of Europe 2,279.1 2,789.3 3,243.1 22o/o L60/o

Europe 5,857.4 7,492.0 9,884.3 280/o 320/o

Year 1992 1993 t994 t995 r996 1997 1998
Growth

9s-96
Growth

97-98

Unit Shipments (1,000) L,659.2 2,3r2,7 3,373.7 2,348.3 1,855.2 1,566.6 r,374.5 -2lo/o - l2o/o

Year-end Subscribers (1,000) 5,857.4 7,492.0 9,884.3 10,642.3 11,015.8 10,875.3 10,313.3 4o/o - 5o/o
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Figure 5
European Analog
CellularMarket
Forecast,Annual
Unit Shipments,
1992-1998

Ftgure 6
European Analog
CellularMarket
Forecast, Subscrtbcrs
ln Senlce atYear-end,
1992-1998

3,500

3,000

rlA

E 2,500
q,
v,,o
E 2,ooo
v,
tr(,
E 1,500a
E(t)
'E l,ooop

500

0

12,000

1Q,000
att
g

t t,ooo

E
E.
f; G,ooo

3,

i {,ooo

g
2,000

0

. rij



Part Two · EITO 95 

Even with specialized cellular modems, data 
throughput rarely exceeds 4,800 bit/s- sufficient 
for basic messaging, but less useful for the 
transfer or retrieval of significant amounts of 
information. 

The limited facility for roaming outside the 
home country is certainly more of a restriction for 
mobile data users than for those only interested 
in voice communications. While it is certainly 
possible to transmit data over existing analog 
cellular networks, performance and coverage 
limitations have meant that use of this facility 
has been restricted to a very small percentage of 
subscribers. Digital technology promises much 
better services. 

3.2.2. Digital 

The growth in the use of cellular systems 
made it increasingly difficult to accommodate 
new subscribers. Digital technology was the ob
vious solution due to its ability to handle much 
greater traffic.lt also had the added advantage of 
allowing a range of additional services over the 
network, not least of which is data communica
tions. Work started on developing digital systems 
in the mid-1980s, with the first systems operating 
in 1991. 

CEPT started the development of a digital 
cellular standard, GSM, with a view to creating a 
standard across Europe that would create a large 
market potential for digital cellular communi
cations and hence economies of scale and low 
prices, in turn stimulating market growth. Details 
of the development ofthe standard appear earlier 
in this paper. 

GSM overcomes many of the limitations 
of analog cellular and includes many new capa
bilities within its specification. Being a digital 
standard, sending data over a GSM link does not 
necessitate a modem at each end, although the 
fact that the data are arranged in a fixed format 
and sent at a fixed rate on the air interface makes 

Mobile Computing and Communications 
in Europe 

the transmission of data more complicated than 
might be expected. There are, in fact, several data 
transmission options already within the GSM 
specification or under consideration for future 
adoption: 

Short Message Service (SMS): This is the 
"two-way paging" element of the GSM specifica
tion. Up to 160 bytes of data can be transmitted 
on a point-to-point basis from mobile-to-fixed, 
fixed-to-mobile or mobile-to-mobile, or up to 82 
bytes on a point-to-multi-point "cell broadcast" 
basis. SMS was included in phase 1 of the GSM 
specification and further functionality will be 
added during phase 2. 

Circuit Switched Data: Being a TDMA (Time 
Division Multiple Access) -based system, GSM 
reduces the potential problems caused by cell-to
cell handover. Of the total22,800 bit/s, 9,600 bit/s 
is available to the user, the balance being used 
for forward error correction redundancy. The 
user may choose between transparent and non
transparent, synchronous or asynchronous use of 
the channel. 

Bearer services defined within Phase 1 of the 
GSM specification include: 

- Asynchronous Data 300-9,600 bit/s, 
including 1,200175 bit/s; 

- Synchronous Data 300-9,600 bitls; 

- Asynchronous PAD (Packet Assembler 
Disassembler) Access 300-9,600 bit/s; 

- Alternate Speech and Data 300-9,600 bitls, 
with the "sub mode" speech followed by data. 

Whilst officially included in phase 1, not all 
of these specifications were 100% complete. 
Services had been introduced in a non-trans
parent mode by mid-1994. ETSI is also currently 
working to develop a two-channel solution which 
would raise the maximum data throughput to 
19,200 bit/s. 
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Country Yeartr
V

1992
Shipments (1,000)

t993
shipments (1,000)

1994
Shipments (1,000)

Growth
92-93

Growth
93-94

France 1.5 91.4 404.8 5,993010 3430/0

Gerrnany t57.6 884.9 1,067.3 46Ws zlo/s

Italy 0.3 6.6 93.5 2,1000/o 1,3170/o

Spain 0.0 0.0 9.2 NA NA

UK 1.0 44.3 252.4 4,3300/o 4920/o

Rest of Europe 10.3 222.2 922.6 2,0570/o 3l5o/o

Europe t70.1 r24e.4 2,759.8 632Vo l2lo/o

Table 8
Digital Cellular
Telephone Handsets,
Annual Unit
Shipments,
r992-1994

Figure 7

Digital Cellular
Telephone Handsets,
Annual Unit
Shipments by Country,
1994

Packet Mode Working: The major develop-
ment within Phase 2 of the GSM specification
is that of access to packet data networks. This

element of the standard primarily intended for
point-to-multi-point applications but will also

cater for point-to-point communications in con-
ditions where neither SMS nor circuit switched
services are ideal.

Packet Radio Mode : Under discussion for in-
clusion within the phase 2+ specifications,packet
radio might facilitate introduction of new appli-
cations such as road transport informatics, fleet
management systems and other such data appli-
cations.

In parallel with GSM developments, in 1989

the UKgovernment decided to licence operators
of what it termed "Personal Communications
Networks" (PCNs). The basic concept was of a
service, targeted at the mass market, in which a

telephone numberwas associated with a person

rather than a place. PCN operators, it was hoped,
would compete both with the existing cellular
operators and with PSTN service providers. The

major reason they can compete, especially in the

consumer market. is the increased subscriber
density of Digital Cellular Standard 1800 (DCS-

1800) over other competing systems.

Rest of
Europe 330/o

GSM was chosen as the technology basis for
PCNs, and the resulting standard, DCS-1800,
deviates only in minor ways from GSM and has

been incorporated into phase 2 of the specifica-
tion.It has come to be recognized, however, that
DCS-1800 is best suited to competing with GSM
in offering mobile communications services

rather that targeting PSTN users. DCS-1800 is
largely seen as the next step in cellular services,
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Table 9
Disital Cellular
Telephone Subscribers
in Senice at Year-end,
t992-1994

Figure I
DigitalCellular
Telephone Subscribers
in Senice by Country
at Year-end, 1994

Rest of
Europe 290lo

Italy 2o/o

and its implementation is currently a matter for
local regulators alone. Two operators are licensed
in the UK, one in Germany, and in late 1994
the French licensed a DCS-1800 operator to com-
pete with two exiting cellular operators. The ser-

vice is likely to be targeted even more strongly at
consumer users than GSM, but offer more re-
stricted coverage, and data communications is

likely to remain a secondary focus for operators
in the short term.

The mass market is the ultimate aim of the
cellular industry, with European regulatory and
licensing procedures helping the move on from
the business sectorto the consumermarket. Cur-
rently Germany is by far the largest market in Eu-
rope, in terms of both telephone shipments and
subscribers (Table B and Table 9), but the market
is growing very fast; for Europe as a whole there
are expected to be almost three times as many
subscribers to digital cellular services in 1994 as

there were in 1993. As Table ^10 shows, by 1998

annual shipments of digital cellular telephones
are expected to reach 13.5 million in Europe,
with over 35 million subscribers to the services.
Figure /-1 shows this growth split between GSM
and DCS-1800 services.

Readers may notice that the 1993 figures
given in the tables are somewhat different from
those given last year.In fact the previous figures
were forecasts made in the middle of 1993 and
could not take into account subsequent develop-
ments on the supply side, which had a major im-
pact on market development. In particular, the
launch of DCS-1800 services in the UK was
accompanied by major marketing campaigns on
the part of all operators, greatly increasing uptake
in the last four months of the year. Similarly, the
launch ofthe "Family"tariffand product range in
Italy led to accelerated growth in that country,
despite pressure on theoretical network capacity.

Country Year tr
V

t992
Subscribers (1,000)

r993
Subscribers (1,000)

r994
Subscribers (1,000)

Growth
92-93

Growth
93-94

France 1.5 91.0 47t.4 5,9670/o 4180/o

Germany ts7.6 984.8 1,946.5 5250/o 980/o

Italy 0.3 6.5 97.5 2,4670/o 1,4000/o

Spain 0.0 0.0 9.0 NA NA

UK 1.0 42.4 294.4 4,r400/o 5940/o

Rest of Europe 10.3 228.0 1,125.3 2,1140/o 3940/o

Europe 170.7 1,352.7 3,944.1 6920/o l92o/s
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Forecasts are also significantly different to
those published last year.Traditionally, in analyz'
ing this sector, Dataquest has restricted forecasts

according to concunent supply'side limitations,
i.e. ifan operatorsets a tariffwhich limits growth
the forecast would refl ect that limitation, making
it clear that any price reduction would lead to
fu rther increases in market growth. Vlith compe-
tition between operators a reality, the market is
now moving so fast that this approach is bound to
make long term forecasts conservative. While it
is still not possible to predict exactlywhen tariffs
will be reduced, or new services offered, it is be-

lieved that certain supply side developments are

inevitable, and consequently the forecasting phi-
losophy has been changed to take such develop'
ments into account. Largely for this reason, the
forecasts given here show considerably larger
markets towards the end of the forecast period
than previous estimates.

Table I0
European Digital
CellularMarket
Forecast,
1992-1998

Figure 9
European Diginl
CellularMarket
Forecast,Annual
Unit Shipments,
r992-1998
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o
Figure 10
European Diginl
CellularMarket
Forecast, Subscribers
in Semice at Year-end,
1992-1998

Fisure ll
European GSM and
DCS-1800 Disital
CellularMarket
Forecast, Subscribers
in Semice at Year-end,
1992-1998
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Whilst all cellular technology has been 
adopted primarily for its voice functionality, 
in an increasingly competitive market there is an 
awareness of the need to offer additional serv
ices, and data communications is one of the most 
obvious. One benefit which GSM will provide is 
a common digital transmission standard across 
Europe. Currently, different PSTN network stand
ards, from signalling techniques and approved 
modems right down to the types of phone 
sockets used (if any), make remote international 
access of the home system by the travelling PC 
user almost impossible. In this sense, it is GSM's 
standardization rather than its mobility which is 
most beneficial. The advantage to GSM grows 
even greater as the number of new operators and 
regulators outside Europe choosing the standard 
continues to accelerate. 

3.3. Public Mobile Radio 

Many corporations need to run mobile radio 
networks to maintain contact with their delivery 
or other vehicle fleets. Traditionally, such net
works would be allocated a dedicated group of 
radio frequency channels for their exclusive use, 
but the demand for private mobile radio licenses, 
and for wider areas of coverage, made this 
approach inefficient. As a result, the concept of 
channel sharing using a trunking technique, in 
which a user is given exclusive use of a radio 
channel only for the duration of a conversation, 
was evolved. 

Using the technique several organizations 
can share one channel without interfering with 
each other, and each has the benefit of a private 
mobile radio network without the costs associ
ated with building and maintaining transmitter 
sites. In general it is not permitted for such net
works to make direct connections to the PSTN, 
although it is technically possible. 

There has been a growing demand for data 
services among the users oftrunked radio. These 
services are typically the sending oflatitude and 
longitude co-ordinates from a global positioning 
system, or temperature readings from a refrig
erated truck. In the future, network operators 
would like to see the system being used for more 
general applications, such as document transfer. 

Trunked radio systems are being imple
mented throughout Europe, in the main using 
equipment based on UK specifications MPT-
1327 and MPT-1343, which sets standards for 
mobile radio transceivers and the infrastructure 
respectively. The interests of these users are ad
ministered by an international committee that in
cludes representatives from a number of countries, 
among them Germany, Austria, Japan, Finland, 
the Netherlands and the United Kingdom. 

Private Mobile Radio (PMR) and Public Ac
cess Mobile Radio (PAMR) systems are generally 
suited to the needs of users within certain high
mobility sectors, often with a high investment in 
infrastructure or high fixed monthly fees, justi
fied by heavy usage and measurable business 
benefits. Not surprisingly, such companies have 
been among the leaders in seeking new ways 
of improving the efficiency of the system. The 
majority of mobile data traffic today is carried 
over PMR/PAMR systems. 

A new pan-European standard for trunked 
public access mobile radio systems is currently 
under development; the Trans-European Trunked 
Radio Access, or TETRA standard. Using dig
ital techniques based on TDMA, TETRA will 
actually comprise two standards, one for voice 
and data, and the other being the packet data op
timized (PDQ) standard. The latter will provide 
compatibility with existing packet radio and 
fixed X.25 data networks as well as supporting a 
full set of messaging facilities that allow direct in
terconnection with other types oflocal area net
work (LAN) using TCP liP (transmission control 
protocol/Internet protocol). 



Part Two · EITO 95 

3.3.1. Packet Mobile Data 

A 30 second data transmission can contain as 
much information as a three minute voice con
versation. As a result, in situations where the 
available spectrum is strictly limited, the use of 
data radio rather than radio telephony can signifi
cantly increase the capacity of a network. Accord
ingly, mobile packet data technologies have been 
developed, with the two leading contenders being 
DataTAC and Mobitex. 

DataTac was developed in the US from 1983, 
originally designed for the use of computer com
.pany service engineers. The first commercial net
work opened in 1990. Mobitex was the result of a 
development originally designed as a portable 
alarm system for isolated workers, which, when 
the program was broadened for commercial rea
sons, went on to produce a standard which could 
also be used for data transmission. 

Packet radio uses data formatted into discrete 
pieces, each of which can be routed to its destina
tion independently of all others in the same data 
stream. Since no direct connection between 
sender and receiver is required, this approach 
provides a higher level of network robustness 
when compared to comparable circuit switched 
systems. Initial applications included radio des
patcher services, to direct taxis or delivery ve
hicles, or in closed sites such as docks and ports 
handling containers and ship's cargoes. Since the 
efficiency of such services was shown in closed 
private networks, public services have become 
available, typically occupying frequencies va
cated by obsolete radio telephone services. The 
technology is now implemented in both public 
and fixed data networks around the world, 
usually based on CCITT (Cornia~ Consultatif 
Telephonique et Telegraphique) recommenda
tion X.25. 

Mobile Computing and Communications 
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There is, as yet, no recognized international 
standard for packet radio. The designers of the 
networks that are currently in use have generally 
adhered as closely as they were able to the X.25 
recommendations, and as a result they all claim a 
high degree of compatibility with existing fixed 
data networks. However, in spite ofthe compati
bility with X.25, there are significant, if detailed, 
differences between the technologies in use. This 
generally results in one manufacturer's radio 
terminal not being able to communicate with a 
network built by another manufacturer. There 
are also variations in the network infrastructure, 
depending on the regulatory environment and 
the architect. 

For example, in some countries where there 
is concern to protect existing fixed data services, 
live interaction between remote terminals via the 
fixed infrastructure is not permitted. In these 
instances networks must have the capability to 
store a message that cannot be delivered to a 
mobile unit, and then forward it automatically 
when the terminal becomes available to receive 
messages again. 

In Europe, Mobitex systems are operating 
or due for launch in Scandinavia, France, the 
United Kingdom, Germany, Belgium and the 
Netherlands by early 1994. DataTAC technology 
was chosen by DeTe Mobil in Germany and 
Switzerland and Hutchison Mobile Data in the 
United Kingdom (although the latter subse
quently suspended operations), along with other 
proprietary systems. 

Packet radio services are seen by many as the 
major technological contender for the backbone 
network to support handheld personal data com
munications units. The main advantage of the 
system is the close integration with existing fixed 
data communications networks. With their pro
tocols firmly derived from X.25 standards they 
will also integrate well with the short message 
service planned for introduction with GSM and 
DCS-1800 based digital cellular networks. 
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3.4. Portable Computers 

3.4.1. Notebooks/Subnotebooks 

Technology has shrunk the portable comput
er down to the A4 size of the current notebook 
machines, but this is a never-ending process. 
Notebooks are seen very much as the portable equi
valent of a desktop computer and consequently 
need to maintain comparable performance. As a 
result, notebook computers are running graphi
cal user interfaces and need to keep pace with ap
plications that make greater and greater demands 
on the hardware, putting more pressure on size 
restraints. The graphical nature of the environ
ment places particular strain on the storage and 
graphics subsystems of the notebook, perhaps 
the weakest part of the technology. 

There are two basic sorts of LCD display ma
trix; active and passive. The active matrix is the 
hardest to make, and most expensive, because it 
requires a working transistor for every pixel of 
the display. This has led to only the most expen
sive products receiving active matrix, colour dis
plays. However, the introduction of the colour 
dual-scan passive matrix has finally brought 
acceptable colour at a reasonable price. Despite 
these advances, screen resolution is one area 
where the portable computer still lags far behind 
its desktop equivalent. 

The use of a graphical interface has also put 
strain on the storage system. However, the foot
print of the hard disk has shrunk as the capacity 
has increased with the result that some hard 
disks can be on plug-in cards. These hard disks 
and other peripherals are increasingly being 
made to the PCMCIA (Personal Computer 
Memory Card Industry Association) standard. 

This is a common interface standard agreed by a 
large number of computer and non-computer 
companies to allow compatibility between pe
ripherals. PCMCIA will become the equivalent 
of the ISA (Industry Standard Architecture) bus 
in the mobile computing industry, with the in
evitable spread to the desktop environment. 

The PCMCIA specification allows for PC 
cards with a number of different functions and 
three different heights. The latest standard sup
ports 32-bit interfaces which will accommodate 
higher operating speeds and hence higher per
formance applications like multimedia and video. It 
also allows for the development oflow-powered 
cards, in line with other developments aimed at 
decreasing power consumption, and hence the 
autonomy, of portable computers, as well as 
bringing PCMCIA card slots to low-powered 
handheld devices. The standard also clearly de
fines the means oftransferring data from a mass 
storage device into memory, known as direct
memory access (DMA). This is standard in desktop 
computers and may well bring PCMCIA into the 
mainstream desktop hardware arena. 

Some card slots are multipurpose and will 
take, for instance, two type lis (5mm each) or one 
type III (10.5mm) cards. It is increasingly impor
tant for portables to have more than one card slot, 
particularly on handhelds: faxing information 
held on a memory expansion card becomes diffi
cult if it is necessary to remove the memory card 
in order to make room for the fax modem. Alter
natively, cards may be multi-functional; modem 
and LAN adapter cards are already available, for 
instance. Hot-swapping, whereby the system re
cognizes each card as soon as it is plugged in and 
without requiring a re-boot, is an important part 
of the PCMCIA standard. 
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Whilst keyboards are the most common data 
entry devices, size and mobile usability suggest 
alternatives such as pen-based and voice-based 
systems. However, pen-based systems suffer 
from the limitations of handwriting recognition 
technology. Most concentrate on recognizing 
characters individually, rather than words, and 
this limits the user's input speed and makes 
typing with the pen on a virtual keyboard an at
tractive option. Voice-based systems are already 
available on the desktop, but a very large recogni
tion dictionary is required to make them effective. 

For many users the appeal of portable com
puting is heavily affected by the system's autono
my, i.e. the length of time it can operate before 
the batteries need to be recharged. Several key 
technologies are contributing towards improving 
this autonomy: 

Power Management: It is possible for the 
operating system to identify idle processes and 
hardware components which can then be tempo
rarily closed down to conserve power. Other 
savings come from slowing or stopping the pro
cessor clock during periods of lesser activity 
or inactivity, or from using a system manage
ment mode (SMM) within the processor, which 
enables the operating system to shut down and 
restart applications and peripherals as required. 
On DOS and Windows-based systems the appli
cation software can communicate its resources 
requirements and intentions via the advanced 
power management (APM) interface. 

Low Voltage Operation: Portable systems are 
increasingly using circuitry that operates at 3 .3V 
instead of SV, cutting power consumption by 
about 60%. However, some components cannot 
run at the lower voltage, in particular the screen 
backlight needs high voltage AC, which is less 
easily converted from lower voltage DC. 

Mobile Computing and Communications 
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Battery Chemistry: Nickel-metal hydride 
(NiMH) batteries have now largely replaced the 
older nickel-cadmium (NiCad) types, storing 
40% more power than NiCad for the same 
weight. Whilst NiMH technology may further 
increase power storage capacity, newer techno
logies are already on the way. Lithium ion bat
teries, which store more than twice as much as 
NiCad for the same weight, currently suffer from 
supply and cost drawbacks but are likely to be
come more widely used by mid-1995. 

Smart Batteries: Smart batteries incorporate 
hardware which can track the battery's state of 
charge,predict its remaining life,and provide this 
information to the host PC under software con
trol. With the firmware in place this should allow 
multiple battery types to be used within a single 
PC. 

Standard Batteries: One of the developments 
with the greatest potential for change is in pack
aging. A major battery company is promoting 
standards for NiMH cell sizes and has introduced 
four standard batteries for use in PCs and other 
devices. Given the difficulty of finding replace
ment proprietary batteries, these could rapidly 
become popular, easing the problem of stock
holding in the retail channel. 

Last but not least in terms of product features 
and developments, portables of all kinds are 
often regarded as status symbols, and there is 
considerable scope for good design to be used to 
attract buyers. This is a fast-moving and fickle 
market, however, and frequent re-designs may be 
needed to follow design trends. 
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304 

European Information Technology Observatory· EITO 95 

Whilst the subnotebook is the natural exten
sion of the trend for portable computers to get 
smaller and lighter, ergonomic issues, in particu
lar the need for a usable keyboard and readable 
screen, limit their ability to shrink further. The 
principal developments in the notebook format 
are, therefore, in functionality, and one reason 
the notebook survives is because ofthe decreased 
functionality of the smaller format subnote
book. Notebook functionality is now extending 
to that required by multimedia; CD-ROM drives, 
sound reproduction, with the aid of the new 
sophisticated single-chip digital signal proces
sors (DSPs), and higher-resolution screens. CD
ROM drives are a particular problem, though, 
because of the fixed disk diameter - a smaller 
format has been produced but its non-standard 
nature and much reduced capacity means that 
it is unlikely to achieve widespread acceptance. 

Given the comparable functionality with 
desktop PCs, those who take work home from 
the office were formerly a key target for portable 
PC vendors. It was believed that these people 
would be willing to buy a single portable com
puter, rather than have a desktop machine in each 
location and transfer data between them on flop
PY disk. The reverse has turned out to be true, not 
least because pricing has made two desktop PCs 
little more expensive than a similarly equipped 
and powered portable, with the added benefit 
that a second desktop at home can be used by 
others for non-business applications. Also, com
pared to the US, there are relatively few business 
people in Europe who need to work while they 
are actually travelling, so the portable only really 
comes into its own when the user needs to work 
away from both the regular office and home en
vironments. 

At the same time, personal users are less like
ly to purchase portable PCs because they want 
the greatest functionality available within their 
budgets, and portables do still lag behind desk
tops. They are also much less suited to typical 
home uses such as entertainment and education, 
particularly because these applications benefit 
greatly from colour screens, which are more ex
pensive in portable form, and increasingly use 
higher resolutions than portables can offer. 

The combination of these factors means that 
market growth in the notebook and subnotebook 
sectors is less than was previously envisaged -
subnotebooks in particular have not taken off as 
expected. In 1993 the rapid falls in the price of 
desktop computers increased the price premium 
paid for notebook PCs, with a consequent dam
pening of demand and a fall in market revenue 
from the 1992 figure.Pricesofnotebookcomput
ers have now fallen, in some case as a reaction to 
lack of sales, and the market has picked up, but 
the price gap with desktop PCs remains and this 
is reflected in lower forecasts (Table 13). The split 
by country of the 1994 notebook sector shows 
that the largest market is in Germany, followed 
by the United Kingdom and France, although the 
latter two are expected to grow more rapidly than 
Germany in 1994 in terms of units shipped. 
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Table I I
Notebook and
Subnotebook
Computer Unit
Shipments,
1992-1 994

Figure I2
Notebook and
Subnotebook
Computer Unit
Shipments by Country,
r994

Rest of
Europe 290lo

3.4.2. Handheld Computers

Handheld computers are general purpose
computers designed to be held comfortably in a

user's hand.Theyare based on operating system,
microprocessor and reference platform, like a

personal computer, but distinguished by size,
weight and physical usage. The two main forms
are:

- Standard handheld PCs. A computer that ad-
heres to hardware and software compatibility
standards. The standard operating systems
for handhelds are licensed and available to
multiple manufacturers, and applications de-
velopment and memoryexpansion is open to
third party developers. Standard handhelds
can be keyboard, pen or touch-screen based,
and the primary applications are personal
information management (PIM) and com-
munications.

- Expandable organizers. Generally slightly
smaller than standard handhelds, these de-
vices are distinguishable by typically having
proprietary operating systems and by the ca-
pability ofthe userto add proprietary applica-
tions and memory. PIM is again the primary
application, and these devices can. also be
keyboard, pen or touch-screen based.

Country Year tr
V

t992
Shipments (1,000)

t993
Shipments (1,000)

1994
Shipments (1,000)

Growth
92-93

Growth
93-94

France 23t.3 257.1 3l 1.6 llo/o 2lo/o

Germany 273.8 365.3 428.6 330/o 17o/o

Italy B7.A 133.8 150.8 -20/o 13o/o

Spain 64.7 63.1 74.8 -20/o 19o/o

UK 257.7 277.3 348.9 8o/o 260/o

Rest of Europe 348.6 399.9 538.3 15o/o 350/o

Europe 1,313.1 1,496.5 1,853.0 l4o/o 240/o
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Year tr
Country
V

1992
Revenues

(Million ECUs)

1993
Revenues

(Million ECUs)

r994
Revenues

(Million ECUs)

Growth

92-93

Growth

93-94

France s88.5 550.1 676.4 - 7o/o 230/o

Germany 664.0 704.7 9r0.6 60/o 290/o

Italy 261.2 20t.4 294.9 -23o/o 460/o

Spain 149.8 106.4 145.0 -290/o 360/o

UK 587.4 551.9 752.0 - 60/o 360/o

Rest of Europe 767.0 840.9 1,133.3 100/o 350/o

Europe 3,018.0 2,955.4 3,912.1 - 2o/o 32o/o

The size of these devices brings inherent
design problems. PCMCIA was developed as a

standard memory card for handheld computers
and that is where it will play an increasingly
important role in the future. A computer that sits

in your suit pocket must have equally small pe-

ripherals, which also need to be more robust, so

hard disks are not an option.Instead, solid state

storage provided by battery backed static RAM,
flash memory or ROM must be used. These are

more expensive than a hard disk and each has its
own disadvantages.This limits the capabilities of
a handheld device and makes it impossible for
them to easily emulate a desktop machine.

Rest of
Europe 290/o

Table 12

Notebook and
Subnotebook
Computer Revenues,
1992-1994

Figure I3
Notebook and
Subnotebook
Computer Revenues
by Country, 1994

Table l3
European Notebook
and Subnotebook
Computer Market
Forecast. 1992-1998

Year 1992 1993 1994 t995 1996 9n 1998
Growth

95-96
Growth

97-98

Shipments (1,000) 1,313.1 1,496.5 1,853.0 2,320.8 2,889.9 3,534.2 4,234.6 250/o 200/o

Revenue (Million ECUs) 3,018.0 2,955.4 3,912.1 4,655.1 5,454.7 6,221.0 6,908.0 l7olo llo/o
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For devices of this size there is also a need for 
an alternative to the keyboard. However, the 
available alternatives tend to put a heavy load on 
the processor, which in turn requires greater 
power consumption. The drive for high-powered 
chips with low power consumption has been one 
driving force behind the arrival of an increasing 
number of incompatible hardware and software 
platforms. The standard handheld computer 
market now has a broad range of competing 
operating systems, with five graphical systems 
receiving significant backing; WinPad, Newton 
OS, Magic Cap, G EOS and PenPoint. 

Handheld computers also present particular 
problems related to the screen size. Alpha
numeric screens have been limited in the num
ber of rows and columns that can be displayed, a 
drawback to those compatible systems providers 
wishing to put DOS's familiar 25 rows and 
80 columns on the screen. Also, pen-based PC 
designers see the products replacing a paper 
notebook and diary, which is in portrait format, 
but the rest of the PC world, and the applications 
designed for it, assumes a landscape screen. 

The search for the optimum standard hand
held product design will continue, looking for the 
right combination of size, weight, functionality 
and price. The market will, for the moment, sup
port a number of coexisting formats, with more 
or less functionality at various price points, as 
long as they are built around the same standard 
platform. To continue differentiation from note
book and subnotebook computers, which will 
have the considerable advantage ofPC compati
bility, handheld vendors will need to concentrate 
on the requirements that subnotebooks cannot 
easily satisfy, such as ultimate portability and the 
ability to use the device in circumstances where a 
subnotebook would be obtrusive, in a meeting 
for instance. Communications will also become 

an increasingly important aspect and the main 
way that vendors will differentiate themselves 
from each other. Communications functions 
available will include fax, modem, pager, and 
even cellular telephone handset. 

Because of the relatively high cost of fully 
functioned devices, and also because of the high 
cost of the associated monthly communication 
service charges, the personal market for hand
held computers, except at the very low end, is 
expected to take several years to develop. Con
sequently, the business sector will dominate the 
installed base for the next five years. In the short 
term the total available market will be made up of 
workers who have a need to be mobile in their 
business capacity. 

The evolution of the organizer market, how
ever, is not so obvious. It rolls several functions 
into one; personal organizer, notebook, elec
tronic book and communicator, and in the future 
it will be a PC companion as well.lts acceptance 
is governed by the availability of ubiquitous and 
affordable wireless networks and the services 
they carry. Currently not only are product prices 
too high, but the costs for communications 
services are also too high. 

In creating forecasts for standard handhelds 
and organizers the following assumptions have 
been made: 

- Approximately 25% of the European labour 
force has some degree of mobility directly as
sociated with their work. Increasing numbers 
of these mobile workers will incorporate 
tools to provide them with a mobile office. 

- The development of the wireless communi
cations environment- wireless networks, in
formation aggregators and information pro
viders -will take a numberofyears in Europe. 
This will slow down the penetration ofhand
helds into the mass consumer marketplace. 
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Table I4
Organizer
Unit Shipments,
t992-1 994

Figure l6
Organizer Unit
Shipments by Country,
I 994

Rest of
Europe 180/o

A shakeout among standard handheld prod-
ucts will occur in late 1995 or 1996,leaving
two standard platforms. These will become
available from a number of vendors. and
significant growth should begin.

Proprietary organizers will co-exist with the
standard handhelds, surviving at price points
considerably below those of handhelds.

The prices of standard handhelds will not
drop below the $ 500 level until 1998. These
prices will keep the products out of the mass

consumer markets during the forecast period.

Despite the hype used to describe the poten-
tial handheld and organizer market, in 1993 total
unit shipments in Europe dropped by 270/0. Al-
most 950/o of shipments in this sector are of organ-
izers, and it was this market that fell (Table l4).
There were several reasons for the fall. Firstly, the
MessagePad failed to live up to expectations
when finally launched in the UK, and rather that
appealing to consumers became an expensive ex-
ecutive toy. Many potential buyers had post-
poned purchases waiting for the MessagePad, but
the main competitors could not fill the gap, due
to changes in ranges and reorganizations of
manufacturing facilities. Hence the market de-
cline, although much of this ground is expected
to be regained in 1994. Table 15 shows the fore-
cast for standard handheld computers and or-
ganizers combined, and the two sectors are split
out in Figure I7 and Figure 18.

The UK is the most mature handheld and or-
ganizer market in Europe because it gave birth
to the first organizer manufacturer, because it
tends to get US products first, and because the
population likes gadgetry and has been quick
to embrace new technology.

Country Year F t992
Shipments (1,000)

1993
Shipments (1,000)

r994
Shipments (1,000)

Growth
92-93

Growth
93-94

France 54.1 27.2 36. l - 500/o 330/o

Germany 80.5 62.7 79.9 -220/o 280/o

Italy 32.4 18.1 15.1 - 440/o - I7o/o

Spain 16.8 8.2 6.5 - 5lo/o -2Io/o

UK 123.8 97.6 124.2 -2lo/o 270/o

Rest of Europe 79.7 52.1 59.1 - 350/o l4o/o

Europe 387.4 265.9 320.9 -3lo/o 2lo/o
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Year 1992 

Shipments (1,000) 401 

Revenue (Million ECUs) 123.6 

3.5. Future Developments 
(e. g. Iridium, UMTS) 

1993 1994 

283 362 

93.7 122.9 

The ultimate aim of mobile communications 
technology is to provide personal communications 
services which allow users to make and receive 
calls anywhere in the world at any time from 
one phone with one number. To do this, services 
will need to conform to a global set of standards, 
and development of these has already started in 
Europe. As part of the RACE programme, ETSI 
has started work on what is known as UMTS, a 
Universal Mobile Telecommunications Standard. 
Other bodies are also considering the require
ments for these third-generation systems. 

UMTS is expected to be in use for digital 
mobile services in Europe around the year 2000. 
However, this generation of cellular systems will 
enter a world where communications, computer 
hardware and software and the entertainment 
and information industries will have created a 
multimedia environment, and hence where the 
telecommunications industry will not be able to 
operate in isolation. 

To support this multimedia environment the 
next generation of mobile services will need to 
offer broadband capabilities to allow video servi
ces, for instance, in a multimedia world. To this 
end, a large bandwidth, from 1.90 Hz to 2.30 Hz, 
has been allocated to UMTS, sufficient to enable 
both the broadband and mobile requirements of 
the future. The emphasis will be on services and 
service flexibility, and offerings will be closely 
related to developments in handheld computing 
and continuing PC/television/communications 
integration. 

1995 1996 1997 1998 
Growth Growth 

95-96 97-98 

440 530 655 780 20% 19% 

151.2 189.4 237.6 287.3 25% 21% 

Another development in plans for future mo
bile communications is the use of satellite-based 
personal communications systems. In 1992 
WARC allocated global frequencies for low earth 
orbit (LEO) systems, moving them into the 
mainstream of mobile communications devel
opments, and anumberofservice proposals have 
emerged. Some of these centre round particular 
geographic areas or are for fixed systems, but 
four contenders include global mobile voice and 
data communications. 

- Olobalstar is intended to supplement under
developed communications infrastructures 
by providing a service that makes use of exist
ing fixed and cellular networks to route calls. 
The CDMA system uses relatively low-cost 
satellite repeaters, with all call set-up and pro
cessing carried out on the ground. This elimi
nates the need for the expensive provision of 
communications between its 48 satellites. 
Services are expected to be available from 
1998. 

- Iridium, by contrast, uses links between its 
66 satellites to allow a global, portable service, 
including voice, data, fax and paging. The 
digital system will allow subscribers, to reach 
any other telephone in the world, either di
rectly over the Iridium network or via a local 
compatible cellular system, hence the inter
national business traveller is a prime target. 
The consortium behind Iridium expects to 
launch the first satellite in 1996, and start 
commercial services in 1998. 

Table 15 
European Handheld 
and Organizer 
Market Forecast, 
1992-1998 
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Figure 17
European Handheld
and Organizer
Market Forecast,
Unit Shipments,
1992-1998

Figure 18
European Handheld
and Oryanizer
Market Forecast,
Rqenues, 1992-1998
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- Inmarsat has now opted for a medium earth 
orbit (MEO), rather than a LEO system, as it 
is believed to offer the best combination of 
risk and reward. The service is an extension of 
its existing mobile satellite services, intended 
for both the business traveller and also to 
serve remote regions not well covered by 
existing cellular services. Handheld termi
nals will communicate via a satellite with a 
land earth station connected to service pro
viders over the PSTN. Initial services are 
planned for 1999. 

Odyssey is a more recent proposal, announced 
in November 1994. It is a joint venture be
tween a US aerospace manufacturer and a 
Canadian telecommunications operator, and, 
like Inmarsat, has opted for the MEO tech
nology. 

It remains to be seen which, if any, of these 
competing systems actually comes into service. 
In the first place it is arguable whether there is a 
need for all of them- the consensus of opinion is 
that the market will only support two competi
tors. Meanwhile, developing the systems repre
sents a huge investment, with a not inconsiderable 
number of obstacles yet to be overcome. Not 
least ofthese is the issue of international regula
tion and agreement, with dozens of regulatory 
bodies involved. 

4. Marketing Strategies 

4.1. Cellular 

4. 1. 1. Distribution Channels 

The analog cellular infrastructure market was 
initially dominated by specialist radio communi
cations manufacturers, and in its early days cellu
lar communications was generally considered a 
limited niche opportunity. However, tremendous 
growth over several years and agreement on a 
common European digital standard in GSM has 
had a significant impact on the industry. The 
infrastructure prospects made it a strategic area 
for leading telecommunications manufacturers 
from both within and outside Europe. The opera
tors' ability to pick several suppliers for phased 
contracts continues to boost the competitive 
pressures in the market, although some suppliers 
with greater expertise on the radio side have been 
disappointed that the MoU has not applied more 
pressure for truly open interfaces. Suppliers with 
complete systems capabilities currently hold the 
competitive edge. 

Analog cellular also represented a fragmented 
market for terminal equipment. The early 
market tended to be dominated by radio special
ists and small (mostly Scandinavian) start-ups. 
Certain sectors have remained mostly the do
main oflocal suppliers, but the major markets of 
NMT-900 and TACS have evolved into fiercely 
competitive environments, and there has been a 
good deal of supplier shake out. The Japanese 
presence is not as strong in the United States 
- where a single standard has led to very large 
volumes - and tends to be concentrated on the 
TACS standard. 



Table 16 
Average Annual 
Spend (ECUs) per 
Cellular Subscribe!~ 
by Countly, 
1988-1993 
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Country Year t> 1988 1989 
\l 

France 1,767 1,692 

Germany 2,032 1,982 

Italy 1,436 1,379 

UK 952 920 

Again, GSM potentially represents a much 
larger market than any single analog standard 
and has become a target for both major European 
telecommunications vendors and Far-Eastern IT 
and consumer electronics vendors. This market 
has already become very competitive and is ex
pected to undergo a further shake-out during the 
next few years. 

The channels for supplying the terminal 
equipment have changed with these market de
velopments. In the beginning cellular communi
cations was a specialist market, aimed at supply
ing car phones fitted by specialist dealers. As 
their usefulness became apparent the market 
moved on to niche sectors and executive sales, 
but still from specialist suppliers, although with 
less requirement to physically install the phones, 
as in cars. 

The appeal of mobile phones started to 
spread rapidly the more visible they became, con
sequently more and more channels have opened 
up to supply a booming market. Mobile phones 
are now a commodity item and no longer require 
specialist suppliers or installers. Now the service 
companies provide phones, and they are also 

Mobile Computing and Communications 
in Europe 

1990 1991 1992 

1,644 1,596 1,549 

1,937 1,619 1,474 

1,170 963 835 

878 850 839 

1993 

1,503 

1,389 

766 

792 

available from general telecommunications sup
pliers, office automation companies and high 
street stores. However, even as commodity items 
mobile phones can be part of a value added sell, 
so channels now range from value added resel
lers through to high street stores and even mail 
order companies. 

4.1.2. Tariff Structure 

Once the boom in the market began, cellular 
operators had little incentive to reduce tariffs, 
even as competition started to increase. The huge 
potential market was large enough for all comers 
and, indeed, many saw a cellular license as a li
cense to print money. Mobile phone services 
tended be offered as one product at one price, 
take it or leave it. 

Such a situation could not last forever, 
though, and is now changing. Competition to win 
new subscribers is getting stronger all the time 
and at the same time the value of each new 
subscriber decreases as penetration rates rise. 
Table 16 shows the fall in average annual spend 
per cellular subscriber for the main European 
countries. 

The way forward for the operators is to create 
targeted packages and to offer new services for 
new markets, in this way companies can differen
tiate themselves from the competition.As a con
sequence, there are now a variety of charging 
packages on offer, which makes comparisons 
difficult and only likely to hold true for a short 
time- the tariffs referred to in the following tables 
were applicable in November 1994. 
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Table 17 is a comparison of charges for one
month's rental plus 200 minutes peak calls at the
standard business rate on the GSM network
across several European countries. As Figure 20
makes clear, Germany is the most expensive of

the countries for monthly line rental and call
charges, but set against that is a low connection
charge, only lower in Sweden.

Figure 19
Average Annual Spend
(ECU0 per Cellular
Subscriber, by Country,
r988-1993

Table l7
GSM Tariff
Comparisons by
Country
(One Month's Rental
plus 200 Minutes
Peak Calls - Standard
Business Rate)
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Figure 20
GSM Call Charye
and Line Rental
Comparisons by
Country
(One Month's Rental
plus 200 Minutes Peak
Calls - Standard
Business Rate)

Figure 2I
Connection Charye
to GSM Network
by Country
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Charges BT Fixed Line VodafoneMetro
Digital')

Mercury
One2One

BusinessCal12)

Orange Talk360
3)

Cellnet
Primetime Plus

Line Rental (ECU) 13.9 25.6 28.8 96.0 32.0

Local Calls (ECU) 6.9 19.2 5.8 0.0 48.0

National Calls (ECU) 25.3 40.0 22.5 8.2 80.0

liotal (ECU) 46.r 84.8 57.1 t04.2 160.0

Table lScomparesPSTNandmobiletariffsin lowest mobile charge option is not great. This
the UK for one month's line rental, 150 minutes point is reinforced in Thble 19, which compares
of local calls and 250 minutes of national calls. charges forvarious calls from London and shows
Here comparison is even more difficult, because that a mobile service, with the right options, is
of the variety of services and options (see the consistently cheaper per call than the main fixed
table footnotes), however it is apparent that the line alternative.
difference between fixed line charges and the

Table 18
UK PSTN and Mobile
Thriff Comparisons
(One Month's Rental
plus l50MinutesLocal
Calls plus 250 Minutes
NationalCalls)

r) Nominated Area
2) Inside Option -

Nominated Area
r) Includes 360 minutes

of talking

Figure 22
UK PSTN and Mobile
Tariff Comparisons
(One Month's Rental
plus 150 Minutes
LocolCalls
plus 250 Minutes
National Calls)

r) Nominated Area
2) Inside Option -

Nominated Area
r) Includes 360 minutes

of talking
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Table 19
aK FSTN and Mobile
Route Charye
Comparisons for a
One Minute Call

t)With Inside Option and
International Call Option

Figure 23
UK PSTN and Mobile
Route Charge
Comparisons for a
One Minute Call

4.1.3. Operator fuus
As competition has increased and market

penetration risen, operators have needed to look
beyond the business voice communications mar-
ket for future subscribers. Attention has focused
on other services, such as data, and to the con-
sumer market potential.

On the data side, markets identified and
targeted by operators include mobile telemetry,
field service forces, who have a variety of com-
munications requirements, and sales or business
professionals. In the latter category it would
appear that, like mobile phones, mobile data
appears to start from the top of the organization
and work down.
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In the long run the main objective for cellular 
operators is to meet the huge demand that exists 
already from the consumer-oriented users. Tar
iffs are being introduced to meet the needs of 
low-end users and the price of equipment is 
being subsidized in order to lower the cost of 
entry to the networks. 

Over time, however, as capacity reaches a 
level, the focus will change to adding value to the 
basic network. Operators will attract higher-end 
users with additional and innovative services 
which are made possible within the GSM stand
ard. The current short term view to profit genera
tion will give way to a highly competitive arena 
where operator differentiation is increasingly es
sential to attract business and maintain revenues. 

4.2. Packet Mobile Radio 

4.2. 1. Distribution Channels 

Unlike cellular communications, packet mo
bile radio is still very much a specialized market 
and the channels reflect this fact. Selling the 
service requires close contact between supplier and 
customer, so that the nature of the service can be 
explained and the benefits to users detailed. 

Sales are made primarily by the direct sales 
force of the supplier or through value added 
resellers (VARs). Where specific vertical markets 
are the main customer base, VARs often have the 
expertise in these niche markets to a greater ex
tent than is possible for the vendor. Consequent
ly, the VARs have a significant role to play 
through their understanding of, and contacts 
within, these vertical market sectors. 

4.2.2. Tariff Structure 

In the past, tariffs for packet mobile radio 
have been based on a flat monthly fee paid in ad
vance. However, this has increasingly met with 
customer resistance and is no longer seen as ac
ceptable. Operators are now tending to modify 
charges to meet the needs of the users. 

A number of operators are moving to charges 
according to usage bands. The charges typically 
depend on whether the user is in the low, heavy, 
or unlimited use band. As yet there appears to 
be no move to charge per call made, which is now 
the primary method for cellular services. 

4.2.3. Operator Focus 

The initial focus for packet operators was in 
migrating users from public mobile radio to 
packet mobile data, which involved little more than 
putting up the platform and inviting customers. 
However, the more astute service providers have 
started to emphasize certain vertical markets and 
stimulate usage by offering standard software 
packages for use on the system. In the future there 
will be increasing moves to horizontal market 
opportunities; some successful vertical market 
applications are starting to be applied to a 
broader base of customers. 

Through its X.25 standard, packet mobile 
radio can be integrated with fixed and cellular 
data services, consequently there will be com
petition as well as collaboration between packet 
radio service providers and digital cellular phone 
network operators. However, since it is not 
practical to provide interactive voice communi
cations over a packet radio network, the com
petition will be less with networks that are pre
dominantly voice based. Some of the companies 
involved in packet radio, both as network opera
tors and as hardware and equipment suppliers, 
are also active in the cellular telephone and radio 
pager market sectors, and some see packet radio 
as a two way paging system. 
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The activities of packet radio network opera
tors are generally constrained within national 
boundaries by the lack of common frequencies 
throughout Europe. There is, however, an in
creasing effort to harmonize frequencies, par
ticularly around the Euroband 450MHz speci
fication for Mobitex. Operators are lobbying the 
regulators to make the Euroband frequencies 
available, to allow international roaming, and 
they are also trying to stimulate the manufactur
ers to provide wideband equipment. 

As yet, though, the main objective of the 
packet mobile radio companies is to create de
mand, as opposed to cellular companies whose 
main concern to date has been in meeting the 
demand that already exists. There is a generally 
positive view of the market prospects, but it is 
not the sort of service that potential customers 
set out to acquire- it needs to be actively sold by 
the operators. Hence the service providers are, in 
the first instance, looking for those customers 
with the greatest need or who will generate the 
greatest revenue. This means vertical markets 
first, moving down to a more general market 
coverage. 

4.3. Notebooks 

4.3.1. Distribution Channels 

Whilst the distribution of portable PCs is 
through the same channels as desktop PCs, there 
are differences in the relative importance of each 
channel and in the tactics required to market the 
machines to the end user. Portables tend to sell 
more through traditional resellers compared 
with the direct and mail-order segments which 
ship a higher proportion of desktop PCs. 

Because the portable is a hands-on purchase
users like to feel the weight and compare the 
screen- it is relatively difficult to sell portables by 
phone or mail order, but there are exceptions. 

Mobile Computing and Communications 
in Europe 

Machines may be evaluated at computer shows 
or examined in a retail outlet but actually bought, 
at a lower price, via mail order. But the differen
ces in channel usage are not just due to the suita
bility or otherwise of the channels themselves, it 
also relates to the availability of good and attrac
tive products. The relatively low usage of direct 
sales reflects the fact that many of the vendors 
that specialize in this channel do not have good 
notebook products. 

Traditional resellers have a certain advantage 
in that the portable is a high-involvement pur
chase with buyers having a good understanding 
ofthe market and oftheir own needs. In addition, 
portables can be positioned as a necessary part of 
a total purchase ofPCs through a reseller. For the 
VAR, portables are vital within those vertical 
markets that require mobility, and this is the 
primary route to market for pen-tablets and pen
notepads, which are pen-based notebook and 
subnotebook PCs respectively. There are rela
tively few general-purpose applications for pen
based products, and their handwriting recogni
tion capabilities are inadequate for more than 
form filling. The key to acceptance of these prod
ucts within the dealer and V AR channels will be 
the quality and availability of the vendor's devel
opment environment. A standard hardware plat
form makes this somewhat easier, but there is 
still a learning curve for developer's analysts and 
programmers before they can design cleanly 
structured graphical applications and make best 
use of the pen. 

• 319 
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However, the PC market in general is moving 
away from the traditional resellers towards a va
riety of retailing formats. Retailers are quite dif
ferent from resellers in several important ways: 

- Each country supports a relatively small num-
ber of retail chains, as against thousands of 
PC dealers. 

- Retailing companies are frequently much lar
ger than the PC manufacturer they deal with. 

- Retail is a channel that relies on pre-existing 
market demand, and it is the task of the 
manufacturer to create that demand, via vari
ous promotional programs. 

Retailing brings with it a number of consider
ations for the vendor. For most retailing opera
tions some stockholding is required, and large re
tailers may require an additional discount from 
manufacturers to cover the cost. There is also the 
increasing use of price lining within the retail sec
tor; fixed pricing points which appeal to certain 
customer groups. Manufacturers may benefit 
from offering different products customized and 
priced to suit different groups, and also from of
fering products customized to each retail chain, 
which prevents customers from comparing prices 
between retailers. The bundling of software and 
peripherals is a further opportunity to differen
tiate products. Without this differentiation a 
manufacturer may not be able to sell its products 
to competing retail groups. 

The retail channel has great potential for the 
development of the portable market. However, 
selling portables through retail channels requires 
prominent point-of-sale displays, and these suf
fer from the threat of theft, re-formatted hard 
disks and virus introduction, so retailers often 
keep portable computers locked away in glass 
cabinets. There are a number of ways that vendors 
could support retailers, though, with password
lockable keyboards and floppy disk drives, and 
the use of non-functioning samples for the test
ing of keyboard size and system weight. 

4.3.2. Market Structure 

Until recently notebook computers did not 
generally need to be in data contact with a central 
point. However, this is changing as electronic 
mail and groupware becomes a more accepted 
part of the office. These electronically-enabled 
offices often function with little paper, so without 
a constantly updated electronic library the work
er is lost. This is what is stimulating computer 
vendors to see communications as an integral 
part of the IT structure and an increasingly essen
tial part of notebook computers, despite the fact 
that most of those being used today have neither 
a modem nor any wireless form of communica
tions. 

Formany,pen-based systems are also seen as 
essential, allowing a more natural user interface 
for the untrained worker, but such requirements 
emphasize the series of compromises that need 
to be made in designing a notebook or subnote
book computer. Factors such as size, weight, 
battery life, screen brightness, RAM and disk 
memory size, upgradeability, etc., all have to be 
taken into consideration. A significant change in 
1993 was a shift in processors used in notebooks. 
Systems based on the 80386SX dominated the 
market in 1992, and use of the 80386SL has con
tinued to grow- it was the processor of choice in 
the low-end notebooks in 1993- but is now reach
ing the end of its life cycle. Meanwhile, manufac
turers have shifted their models to the 80486SX 
and SL. 

Some product problems are unavoidable, 
particularly for subnotebooks, such as the inabil
ity to include a full-size keyboard and the tenden
cy for the systems to be dropped, lost or stolen. 
Current subnotebook offerings include products 
with keyboards that are too small, non-backlit 
screens and a lack of peripherals, but products 
launched in 1994 should be more acceptable and 
encourage take-up. 
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The subnotebook market is still at an early 
stage of development in Europe, and hence 
growth rates are veryhigh.Anumberofnewplay
ers have entered the market in the last year, with 
many vendors seeing it as an area for significant 
potential growth in the years to come. However, 
with continued miniaturization in mass storage, 
batteries and integrated circuits, notebook com
puters are becoming lighter, thinner and smaller, 
such that the differentiation between notebooks 
and subnotebooks, while relatively clear today 
through weight and functionality, will fade over 
time. 

4.4. Handheld Computers 

4.4.1. Distribution Channels 

The business sector will dominate the high
end, standards-based handheld computer mar
ket for the foreseeable future. Handhelds have 
vertical market applications and hence will be 
sold via VARs and corporate resellers in much 
the same way as the notebooks and subnote
books described in the previous section. 

However, much of the pocket and palmtop 
PC and organizer market will be aimed at the 
retail market, including business retailers and 
consumer electronics stores. In particular the pro
prietary organizers will tend to move down mar
ket in response to the business dominance of the 
standard handheld, and many products will be 
aimed at the consumer segment and, therefore, 
use retail channels similar to those used for other 
consumer-oriented technologies, such as cam
eras and calculators. 

Mobile Computing and Communications 
in Europe 

Key factors in achieving retail success are hav
ing the right product at the right price, displaying 
it prominently, and demonstrating it effectively. 
The right price varies from country to country, 
but across Europe it will generally be a maximum 
of about $500. This represents pricing for the con
sumer segment; although some vendors have 
attempted to sell higher-priced PDAs (Personal 
Digital Assistants) into the business market 
through retail channels, they have been seen as 
merely an over-expensive form of Filofax. None 
ofthe initial crop of pen-based and keyboard-less 
organizers has achieved significant success 
through retail channels. Most were priced above 
the$ 500 level and offered inadequate function
ality, connectivity or both. 

Achieving the right price makes the handheld 
PC an affordable purchase, and positioning it 
as an easy-to-use gadget makes it a potential im
pulse purchase in outlets such as department 
stores and duty-free shops. Again, although it 
may be possible to sell handhelds via phone 
or mail order, there will be benefits from the 
hands-on approach and from clear display and 
demonstration. 

4.4.2. Market Strudure 

The handheld market will increasingly split 
into two major segments; proprietary organizers, 
and standard handhelds which use standards
based systems. Proprietary systems are generally 
less expensive than their newer, standards-based 
counterparts. Keyboards predominate instead of 
pens, screens have lower resolution, and the pro
cessors used are generally less powerful. These 
systems will gradually move downmarket as 
standard handhelds predominate in the higher 
end of the price range. The majority of the manu
facturers in the organizer market will be con
sumer electronics companies, with products de
veloped out of the calculator divisions as the 
processing power and costs allow. 
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Communications is a cornerstone in the 
success of handheld computers, and the tele
communications manufacturers will play an in
creasing role. This has already started to happen 
in the US with the phone and computer compa
nies collaborating on several cross-over devices. 
These will demand close integration with soft
ware, since most of them will have both operat
ing system and applications built-in. This means 
that applications providers and software vendors 
become more critical to the engineering ofhand
helds, which is why both the consumer elec
tronics and telecommunications companies are 
either alliancing, investing in or merging with 
key software companies. 

In the standard handheld market there will be 
a shakeout within the next two years. With up to 
10 competing platforms by the end of 1994 no 
single one will be able to attain the economies of 
scale necessary to bring down manufacturing 
costs to the level where end-user pricing be
comes attractive. The software industry would 
drag its feet, refusing to develop in volume be
fore a significant installed base was attained. By 
late 1995 or early 1996 one or two winners will 
have emerged, becoming the standard platforms 
and architectures for the rest of the decade. Sur
vival will be largely dependent on the availability 
of attractive applications, both general-purpose 
and vertical market, which will in turn depend on 
the quality and ease of use of each platform's de
velopment environment. Significant growth will 
start after the shakeout. 

5. Markets of the Future 

5.1. The Ubiquitous Computer 

The personal computer will become ubiquit
ous when it ceases to demand the full functional
ity of the desktop PC and is able to take advant
age ofthe still emerging mobile communications 
environment. 

Whilst notebook PCs address the desktop re
placement market, and all that it entails, one of 
the opportunities for the subnotebook and hand
held sectors is the PC companion. Not all travel
lers will need full functionality everywhere they 
go, but just access to certain files, for analysis per
haps, or to certain functions, such as retrieving 
electronic mail. As technologies such as wireless 
data transfer evolve to support the role of satel
lite PCs, subnotebooks and handhelds will both 
address this market. These machines will not be 
easy to do real work on, but excellent as a vehicle 
for transporting data for intermittent use. Such 
devices could be regarded as satellites of the 
main PC system, reliant upon it for heavyweight 
applications and access to data, but also capable 
of a limited range of independent operations. 

There is a growing awareness of the need 
to transport data from the desktop PC and work 
on it remotely, even if full functionality is not 
required. The solution being followed by the 
largest software company and many hardware 
manufacturers is the WinPad. The intention is 
that WinPad users will use a pen-driven interface 
to browse and edit files taken from a desktop PC 
- the applications will not be the same, but file 
formats will be compatible. Subsequently the 
desktop and handheld unit will be able to 
synchronize data so that changes made on the 
Win Pad are copied to the desktop. 

It is apparent that the market thinks that Win
Pad is the right concept, but when the products at 
last emerge WinPads may be seen as too expen
sive for the general market, and the emphasis on 
pen-input misplaced.As it is, development ofthe 
product has apparently been delayed in favour of 
other, more mainstream products. 
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In general, it is only a matter of time before 
some sort of pocket computer becomes an ac
cepted business tool, possibly using a pen-based 
computer with fax modem and mobile phone, 
and shaped like a Filofax. This combination 
would allow the machine to send and receive fax, 
exchange electronic mail messages or upload 
data from a remote mainframe while on the 
move. This type of product will be become more 
prevalent as the mobile data infrastructure be
comes more widely spread and better known. A 
driving force is likely to be the use of Electronic 
mail (e-mail) in European companies. If the prob
lem of being out of contact when away from the 
office can be solved by carrying an electronic 
mail pocket computer, like a data cellphone, then 
business productivity can be measurably im
proved. Ifboth the pocket computer and the base 
system have diary software then interrogation of 
the schedule can also be done. 

The standardization on the transmission of 
pen-created messages known as "ink", which will 
occur in the mid to late 90s, will enhance capa
bilities even further. One example being the 
creation of an electronic Post-It note (E-Pin) ma
chine. Today you receive a message for someone 
while they are out, scribble the note on the yellow 
paper with their name and attach it to the per
son's computer screen. In theE-Pin world you 
would follow the same procedure expect that the 
E-Pin would recognize the name and route it 
electronically to the person's e-mail box. The 
e-mail system would be able to route this auto
matically to wherever the receiver was, if necess
ary alerting them to a new and urgent message. 
The receiving person might not have an E-Pin or 
even an e-mail box, in which case the system 
would know to fax the message. 

Mobile Computing and Communications 
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These E-Pins will initially be large and expen
sive, like the original cellular phones, but even 
today's technology can nevertheless make them 
very portable. The prices will drop as the volumes 
increase, but also like mobile phone services it is 
the connection and data handling charge that 
makes the profit, not the initial hardware. This 
will put more pressure on hardware manufactur
ers to produce smaller and cheaper products. 

In line with these developments future gen
erations of handheld computers will require a 
clearer definition of the aims and purposes of 
each product, plus the associated technical im
provements, the most important of which will be 
the following: 

Artificial Intelligence: In this case not true 
artificial intelligence but intelligent assistance, to 
provide a faster and better response by anticipat
ing what the user is likely to do next. This is a vital 
part of pen- and voice-based systems, reducing 
the workload required. 

Software Agents: Semi-autonomous pro
grams set up by the user to carry out tasks.Agents 
would enable personalized information gather
ing- for example by looking for certain keywords 
-or could search for services and products. 

Development Environments: Essential for 
third-party applications developers and VARs. 
Those products that survive the shake-out will be 
those that position themselves and their benefits 
clearly and make it easy for users to exploit those 
benefits. 

Wireless Communications: Until users can 
send and receive information on the move, hand
held computers remain little more than execu
tive toys. To date the limiting factor has been the 
cost of the wireless connection, with prices in the 
$ 1,200 range volumes will be kept to a low level. 
The type of wireless link used will depend on 
usage; the Infra Red Data Association has al
ready agreed hardware and protocol standards 
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for serial data transfer which will be increasingly 
implemented on portables. In the office infrared 
or radio-based LANs permit a greater degree of 
mobility, and in the consumer market, and for 
fully mobile applications, wide area communica
tions using cellular and radio technologies are 
available. 

Wireless handheld computing today is pro
hibitive because the size, weight and cost of wire
less hardware is too high, network usage costs are 
too high, and the battery draw on wireless hard
ware is too high. Costs will come down, however, 
with the rapid spread ofthe GSM standard in Eu
rope, and competition and de-regulation. As well 
as lower prices, three key network capabilities 
must also be provided to users; the availability of 
wired and wireless networks and the means of 
handheld systems to communicate with these 
networks, information aggregators, i.e. networks 
allowing access to other services, and the infor
mation providers to supply information on-line. 

People will still want communication by 
voice, though, and the falling cost of the mobile 
phone will lead it to become a personal device. 
This leads to the combination of theE-Pin and a 
mobile phone into the portable communications 
device of the future. This merging of the com
puter and the phone has many benefits for the 
user, ·for example no longer will you need to 
remember a phone number, you just look up a 
name in the phone book and press the "dial" 
button. If you set the country then the correct 
country and area code will be added to the 
number and it will also be possible to cost the 
call. These might seem trivial advantages but 
when combined with the functionality of the 
E-Pin, you have the personal communicator 
of the late 90s, and everyone will want one. 

5.2. Information Services 
(Link with Digital Highway) 

A driving force behind the development of 
high-capacity and intelligent networks is the 
availability of entertainment, information and 
other services over those networks. The enter
tainment market is already served, to a large ex
tent, by broadcast and cable television, but not so 
the business world, which is likely to generate the 
greatest demand for information services in the 
short term. 

As computers and communications merge, 
the personal computer is increasingly becoming 
the delivery method of business information. 
Access to this information is dependent on two 
factors; the service infrastructure to deliver it, 
and the information source itself. The service as
pect is provided by network companies like Com
puserve, who provide access to a variety of infor
mation sources, and the more business-based 
services of the likes of Data-Star and Dialog. 
Each provides access to a wide range of databases 
from a large number ofinformation providers, as 
well as enabling e-mail and other services. 

One of the best known networks is the Inter
net. Initially a network ofUS academic and gov
ernment computers, it is now international and 
covers thousands of smaller public and com
mercial networks. Whilst the Internet is a vast 
repository of information its primary application 
is as an e-mail system, for which it is used by an 
estimated 50 million people in 152 countries, al
though only half of these are directly connected 
to the network. 

The use of such networks is growing rapidly, 
and hence the attraction for new operators. In 
November 1994 the largest software company 
in the world announced its intention to launch 
an on-line information service, to be known as 
Marvel. The service will be aimed at small office, 
home office (SOHO) users and the corporate 
user, with the emphasis on ease of use and acces
sibility. 
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E-mail and access to databases are the prim
ary uses for these information services at the mo
ment, but there is a potential for much greater 
business use ifthe communications infrastructure 
will allow. The move to multimedia means that 
there is a growing requirement to present infor
mation in a more dynamic way, hence a need for 
information delivery in a multimedia format and 
a network with greater bandwidth in order to 
deliver it. Such a network will greatly enhance 
teleworking, with uses like video-conferencing, 
interactive video networks and other two-way 
broadband applications. 

5.3. The Intelligent Network 

With the advent of well-established stand
ards in the cellular network arena, it is a problem 
for operators to differentiate themselves from 
each other. A solution lies in offering new servi
ces over the network, often at short notice, using 
intelligent network techniques. 

These techniques allow a variety of call rout
ing and screening options, charging arrange
ments, premium rate services and other capabili
ties, including connection to telephone integra
tion applications (CTI). The added advantage for 
mobile users is that these services can be location 
specific, such as weather information or transport 
details. Since the network automatically identi
fies location, there are also considerable possi
bilities for business, for instance to route calls 
to the nearest office. 

The ability for operators to provide one num
ber to a customer who is connected to more than 
one network, and to subsequently route a call as 
appropriate, is also a way of keeping customer 
loyalty. Links to private networks of cellular and 
PBX phones, and adding mobile data access, 
extend the possibilities for business users even 
further. 

Mobile Computing and Communications 
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Whilst these innovative services will make 
the telephone a much more useful tool, they cur
rently lack some of the necessary capabilities of a 
world where the computer, communications and 
entertainment industries are starting to merge. 
Video images have long been a fundamental part 
of the entertainment market, but the computer 
industry is now making more and more use of 
multimedia, which is in turn increasingly becom
ing a part of information delivery. Fixed phone 
systems may soon offer some increased capabili
ties in this area through digital compression, and 
future mobile communications will have signifi
cantly more bandwidth, but for the moment the 
main delivery system for video-based systems 
in the home is via cable. 

Cable networks have sufficient bandwidth to 
allow the delivery of television and video, which 
has been their primary reason for introduction. 
However, the cable networks can also be direct 
competitors with telecommunications providers 
through the use of relatively low-cost switching 
technology installed with the network. Conse
quently there is a tendency to have regulatory 
separation of the activities of telecommunica
tions operators and cable operators, although the 
extent of this separation varies from country to 
country in Europe. 

Whilst the telephone networks cannot com
pete with cable in terms of capacity, the cable 
operators in turn are faced with the threat from 
direct broadcast satellites. Current technology 
means that satellite television can now effective
ly compete with cable in terms of cost of recep
tion. 
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However, a switched cable network also has 
the added advantage of enabling interactive tele
vision, and hence services like video-on-demand, 
teleshopping, video games, e-mail systems, etc. 
It is this two-way broadband capability that 
makes cable, and in particular the high capacity 
that comes with fibre optics, the main medium 
for intelligent networks of the future. After in
creasing use as private networks between busi
nesses, ordinary subscribers will have access to 
public broadband networks for entertainment, 
information and a myriad of other services. There 
are trials or commercial launches over the com
ing year in Germany, France, UK, Italy, Belgium, 
the Netherlands and Spain. 

6. Making Sense of a Mobile Europe 

6.1. Europe Versus 
the Rest of the World 

Europe now has a strong position in world 
mobile communications technologies and mar
kets, due to a large extent to the development of 
European standards and in particular GSM 
(Table 20). It looks like GSM is set to become a 
world standard, as it is increasingly adopted in 
the US and elsewhere. Both the US and Japan 
have promoted worldwide standards as a way of 
regaining influence in the standards arena, with a 
US belief that their interests should be better re
presented, but Europe has stuck to the task and 
delivered the goods. 

However, future mobile communications de
velopments, like UTMS and satellite-based sys
tems, will require the development of wider in
ternational, and eventually global, standards. For 
the moment Europe has the strongest hand, but 
the standards bodies hold open forums for con
tributions from any interested parties, whatever 

Technology Europe Japan USA 

Analog Cellular T • • 
Digital Cellular .. • T 

International Paging T .. .. 
Packet Radio .. T .. 
Personal Computing • • • 
Key: _. above average position 

• average position 
T below average position 

their origin. Since the standards, according to 
their developers, are intended to facilitate users' 
requirements, if worldwide standards are needed 
then European bodies will contribute to their 
development. Whether Europe can maintain its 
advantage in open discussions on standards de
velopments with the rest of the world is another 
question. 

Whilst personal computing in Europe is gen
erally on a par with the rest of the world, the US 
is far ahead ofEurope in the penetration ofhand
held computers into the consumer market. The 
difference is partly due to the larger disposable 
income in the US, but also because of cultural 
differences, with more impulse buying of con
sumer electronics in the US.However, the future 
development of wireless wide area connections 
in the US has been hampered by the lack of 
standards in the infrastructure, so it is possible 
that Europe will be the first to have a market for 
linked handheld computing devices, probably us
ing GSM, although the on-line services required 
to support these connections are considerably 
behind the US, which will act against the uptake 
of the devices. 

Table 20 
European Market 
Development Versus 
the Rest of the World 
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Table 2l
US/EuropelROW
Cellular Market
Forecast, Subscribers
in Semice at Year-end,
1992-1998

Figure 24
US/EuropelROW
CellularMarket
Forecast, Subscribers
in Semice at Year-end,
1992-1998

Table 2l shows the current level and expected
growth in cellular subscribers in Europe, the US
and the rest of the world. The number of sub-
scribersworldwide is expected to have increased
by 500/o n 1994 compared with 1993, but the
highest level of long-tenn growth is outside
Europe and the US - the rest of the world will
move from having the fewest subscribers of
the three regions in 1993, to the largest number
in 1998.

6.2. Conduslons

This paper has laid out the current develop-
ments and future directions ofmobile voice and
data communications and mobile computing in
Europe. Cunently Europe is at the centre of de-
velopments in mobile voice and data communi-
cations, through strong standards in GSM and
Mobitex, and through a number of world class

communications equipment and operator com-
panies.
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Table 22
European Mobile
Data Market Forecast,
Subscribers in Semice
at Year-end,
r994-/,998

Figure 25
European Mobile
Data Market Forecast,
Subscribers in Semice
at Year-end,
1994-1998
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GSM is now the preferred choice for a voice
plus data cellular service and is increasingly
being adopted worldwide. The success of GSM
underlines the achievements of the European
approach to standards. Now GSM-based digital
cellular communications in Europe represent a

level of service better than anything found any-
where else in the world. At the same time, in
mobile packet data communications Mobitex is
well positioned in Europe and gaining ground in
the US market. However, the initial focus of the
mobile market has been on voice, and wide-
spread data usage will take time to develop.

Table 22 shows the expected growth in the
number of mobile data subscribers in Europe
between 1994 and 1998,split byheavyusers, light
users and consumers.Growth overall is expected
to reach 1600/o between 1994 and 1998, but it is
the number of subscribers with light data usage

that will grow the most. Consumer use is not an-
ticipated to be significant before l996,although
rapid growth is expected thereafter.
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7. Methodology and Definitions 

7 .1. Definitions 

Dataquest segments European cellular tele
phones by technology according to the following 
definitions: 

- Analog: This is equipment conforming to all 
analog cellular standards in operation in Eu
rope. In cases where more than one analog 
standard is supported by the country's net
work operators, market data for all analog 
systems has been combined in that country's 
tables. 

- Digital: This is equipment conforming to the 
pan-European digital cellular standard GSM 
and its derivative DCS-1800. 

The personal computer market can be seg
mented in a number of ways, but the only defini
tions that apply in this paper are: 

- Notebook: Battery-powered computer that is 
typically the size of a small telephone directo
ry(A4 size: 8.5 x 11 inch orEuropeanA4) and 
weighs less than 3.5 kg with the battery. It is 
typically compatible with, and has computing 
power equivalent too, desktop personal com
puter systems. 

- Subnotebook: The subnotebook is similar to 
the notebook, but does not have an internal 
floppy disk drive. Subnotebooks are light
weight, typically weighing 1.8 kg or less, bat
tery powered units that can be carried easily 
from place to place. 

- Handheld computer: A standard handheld 
computer is a general-purpose computer 
weighing about 450g and designed to be held 
comfortably in a user's hand. It is distinguish
able from an organizer by its adherence to 
hardware and software compatibility stand
ards. Primary applications are personal infor
mation management (PIM) and communica
tions. 

Mobile Computing and Communications 
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7 .2. Methodology 

Dataquest calculates shipments of cellular 
phones as new products sold either directly to 
end users or leased for the first time during the 
year in question. 

Subscribers are those people connected to 
the specified service at the end of the year in 
question. The number of subscribers is generally 
equivalent to the installed base of phones in use, 
calculated as the number of units in use at the 
start of a given year, plus the number of ship
ments during that year, minus the number of 
retirements during that year. 

In all countries except two, the number of 
subscribers on the network(s) is directly equi
valent to the installed base of a particular type 
of cellular telephone, since the subscriber 
connection is through the individual phone. In 
Germany and Portugal, however, one aspect of 
the C-450 standard is that subscription, location 
and billing is via a smart card. This means that a 
user with one subscription may have a mobile 
unit in their car, a hand-portable in their pocket 
(in fact any number of cellular telephones) while 
being registered only as one subscriber by the 
operator. Alternatively a company could provide 
subscriptions for a number of their employees, 
while buying a smaller pool of handsets for use 
on an as-needed basis. 

This distinction is crucial, as smart card regis
tration is also a feature of GSM digital cellular 
radio, and its derivative DCS-1800. A further 
confusing issue in the early market for digital 
products has been the cross-border traffic in both 
terminals and SIM cards. In such cases only units 
officially shipped have been counted. 
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In the personal computing arena, the prices, 
and hence the revenues, are based on end-user 
spending. This is calculated by assessing the 
volume of units sold to the end-user segments 
defined in the market and applying an appro
priate discount structure to the list price of the 
average configuration. The volumes therefore 
equate closely to the actual amount of money 
spent by end-users. 

Market revenues are calculated in local cur
rency, converted into US dollars and finally con
verted into ECU, at 1 ECU to $ 1.17, the average 
1993 exchange rate. For the cellular subscriber 
spend table the same process was applied, but 
for the international cellular tariff tables the 
prevailing rate of 1 ECU to $ 1.22 was used. For 
the UK-only tariff tables charges were directly 
converted from £ UK to ECU at the prevailing 
rate of 1 ECU to £ 0.78. 

The countries used for the personal com
puting market data and forecasts are France, 
Germany, Italy, Netherlands, Spain, Sweden, the 
United Kingdom, Belgium, Denmark, Finland, 
Norway, Switzerland, Austria, Greece, Portugal 
and Ireland. In addition, for the cellular markets 
Turkey and other smaller principalities (Andorra, 
Cyprus, Faroe Islands, Iceland, Luxembourg and 
Malta) are included. 

8. Glossary 

Antenna 
The element from which a radio transmission 

is radiated and through which transmissions are 
received. 

Base Station 
A fixed radio transceiver in a cordless tele

phone system, mobile radio or cellular radio net
work. 

BTR 
Basis for Technical Regulation. 

C-450 
Analog cellular standard in use in Germany 

and Portugal. 

CAl 
Abbreviation for Common Air Interface, a 

definition of the technical parameters of control 
and information signals passed between a radio 
transmitter and receiver such that intercom
munication may take place between equipment 
manufactured by different companies. Normally 
associated with CT2. 

CCIR 
Abbreviation for ComitE: Consultatif Inter

national des Radio-Communications (Inter
national Radio Consultative Committee) now 
defunct. Until March 1993, the main body within 
the International Telecommunications Union 
and responsible for defining and recommending 
technical standards for radio operations and 
equipment (see also TSB). 

CCITT 
Abbreviation for Comite Consultatif de 

Telephonique et Telegraphique (or in English, 
International Telegraph and Telephone Consul
tative Committee). Now defunct. Until March 
1993, the main body within the International 
Telecommunications Union and responsible for 
defining and recommending technical standards 
for telecommunications operations and equip
ment (see also TSB). 
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CDMA 
Abbreviation for Code Division Multiple 

Access, a method of using spread spectrum 
(q.v.) radio technology that allows a number of 
simultaneous data or voice communications to 
share the same communications medium by cod
ing each conversation using an encryption key 
known only to the corresponding terminals for 
the duration of their conversation. 

Cell 
The area covered by a single fixed transceiver 

in a cellular radio network. It may vary in size 
from 0.5 km to 30 km radius depending on the 
anticipated density of users. 

Cellular Radio 
A method of increasing the number of si

multaneous radio conversations that can be 
supported by a fixed number of radio frequency 
channels by limiting the range oftransmitters to a 
single cell to which a proportion of the available 
channels is allocated.Adjacent cells are allocated 
a different set of radio frequency channels to 
avoid interference or blocking of conversations. 
Frequencies can be re-used in cells at intervals 
sufficient to avoid interference. 

CEPT 
Abbreviation for Conference des Adminis

trations des Postes et des Telecommunications 
(in English, Conference of European Postal and 
Telegraph administrations). A body established 
in the 19th Century by PTTs (q.v.) to account 
for and divide revenues generated by inter
national postal, telegraph and telecommunica
tions traffic, and to define commonly acceptable 
technical standards. 

Channel 
In the context of radio communications, a 

band of radio frequencies of sufficient breadth 
to contain a voice or data signal transmitted in 
one direction. 

Mobile Computing and Communications 
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Cordless telephone 
A telephone for use with the PSTN com

prising two separate components - a portable 
handset containing microphone, loudspeaker 
and dial keypad and fixed base PSTN access unit 
-which are interconnected by a radio link rather 
than a wire. 

CT2 
Second generation (hence the 2) of Cord

less Telephone (CT) based on digital radio tech
nology. 

CT3 
Third generation cordless telephone that 

evolved into the DECT standard. 

CTR 
Common Technical Regulation. 

DCS-1800 
Digital Communications System at 1,800 

MHz. A specification for digital cellular radio 
systems conforming with GSM (q.v.) network 
architecture and radio interface, but operated at 
the higher frequency of 1,800MHz, and with a 
lower maximum limit on fixed and mobile trans
mitterpoweroutput.Adopted as a pan-European 
standard for personal communications net
works. 

DECT 
Abbreviation for Digital European Cordless 

Telecommunications system.A technical specifi
cation for wireless LANs or telephones. A pan
European standard that is to become a Common 
Technical Regulation ( q .v.). 

Duplex channel 
A two way radio communication, whether for 

voice or data, where simultaneous transmission 
and reception is required which occupies two 
separate channels, or a duplex pair, one for each 
direction of communication. 
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ERMES 
Abbreviation for European Messaging Sys

tem, a pan-European digital radio paging system. 

ETS 
European Telecommunications Standard. 

ETSI 
Abbreviation for European Telecommunica

tions Standards Institute, a standards making 
body. 

FCC 
Federal Communications Commission. A 

Federal Government agency responsible for 
regulating and administering all communica
tions in the USA. 

Frequency Band 
A range of frequencies defined and dedicated 

to a particular type of service or radio technology. 
A frequency band is usually subdivided into 
a number of channels. 

Frequency hopping 
A technology that allows a number of simul

taneous data or voice communications to share 
the same communications medium by causing 
transmitting and receiving stations to change the 
frequency rapidly in a pseudo-random sequence 
among a large number of discrete radio channels. 
Synchronization of transceivers is achieved by 
making them follow a hopping sequence calcu
lated from pre-defined algorithm. The hopping 
sequence can be dynamically adjusted to avoid 
other transmissions or interference taking place 
in the same band of frequencies. 

GSM 
An abbreviation for Global System for 

Mobile communications, a digital cellular 
telephone technology defined by the Groupe 
Speciale Mobile of the CEPT as a pan-European 
standard. 

Hand-Off 
The process of passing a cellular telephone 

call from one cell to another as the user of a mo
bile telephone traverses several cells during the 
course of a conversation. 

JETS 
Interim European Telecommunications 

Standard. 

Infrared 
Electromagnetic radiation at wavelengths 

just longer than those of visible light, generally 
in the range 860 to 2,000 nanometers, and used 
for free space and optical fibre communications. 

IR 
Abbreviation for Infrared (q.v.). 

!SA 
Abbreviation for Industry Standard Archi

tecture. The expansion bus in the IBM PC AT 
and subsequent PC compatible computers. 

ISDN 
Abbreviation for Integrated Services Digital 

Network. A digital way of connecting to the wired 
telephone system. 

ISM 
An abbreviation for Industrial, Scientific and 

Medical, a range of frequencies allocated for 
general purpose use by industrial, scientific and 
medical equipment such as microwave ovens, 
medical probes, moisture measuring equipment, 
etc., for which no operating licence is required. 
Wireless Local Area Networks (WLAN) will op
erate in this band, using Spread Spectrum tech
nology to avoid mutual interference with other 
equipment. In Europe, a band of frequencies 
around 2.45 G Hz to 2.5 G Hz is designated for 
ISM and WLAN applications. 

LEO 
Low Earth Orbit satellite-based global 

personal communications systems. 
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Linear M adulation 
A technology that reduces by 50% the channel 

width required for a voice or data communica
tion between two way mobile radios. 

MAP27 
A technical standard defining a physical and 

logical interface to allow a computer or other data 
terminal equipment to be interconnected with a 
mobile radio transceiver. 

MEO 
Medium Earth Orbit satellite-based global 

personal communications systems. 

Modem 
Abbreviation for MOdulator-DEModulator 

- an item of terminal equipment that encodes 
and decodes a digital data signal as a series of 
audio frequency tones suitable for transmission 
over the PSTN {q.v.). 

MoU 
An abbreviation for Memorandum ofUnder

standing, a document signed by a number of 
organizations setting out their commitment 
to achieve a common goal such as the mutual 
adoption of a technical standard. 

NET 
Normes Europeennes pour Telecommuni

cations (superseded by BTR and CTR). 

NMT-450 
The Nordic Mobile Telephone (NMT) stan

dard at 450MHz. This was the original specifi
cation for an analogue cellular telephone devel
oped to serve the four Scandinavian countries. 

NMT-900 
The Nordic Mobile Telephone (NMT) stan

dard at 900MHz. This was the specification that 
succeeded NMT-450. 

NMT-F 
A French variation on the NMT-900 standard. 
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Packet radio 
A radio communications system dedicated 

to data transmission in which data messages are 
divided into packets prior to transmission to en
sure compatibility with existing packet switched 
networks (q.v.) and to increase the data carrying 
capacity of a given radio channel by allowing 
packets from different data conversations to be 
interleaved. 

Packet Switched Network 
A data communications network where data 

is divided into small segments, known as packets, 
in such a manner that each packet forming part of 
a complete message may be routed to its destina
tion independently of all other packets in the 
same message though a network of switches. 
See also X.25. 

PAD 
Abbreviation for Packet Assembler Dis

assembler, a device for converting a digital data 
signal into segments known as packets prior to 
transmission through a packet switched network 
and for converting received data packets back 
into a form suitable for processing. 

PAMR 
An abbreviation for Public Access Mobile 

Radio. 

PAP 
Public Access Profile, a definition of the 

technical parameters of control and information 
signals passed between a radio transmitter and 
receiver such that inter-communication may take 
place between equipment manufactured by 
different companies. Normally associated with 
DECT. 

PBX 
Abbreviation for Private Branch Exchange. 
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PCMCIA 
Abbreviation for the Personal Computer 

Memory Card Industry Association. A voluntary 
body that has produced a specification for 
memory cards and peripherals that plug into 
small computers. 

PCN 
Abbreviation for Personal Communications 

Network. 

PDA 
Personal Digital Assistant, a pen based hand

held computer with handwriting recognition. 

PMR 
An abbreviation for Private Mobile Radio. 

Private mobile radio 
Two-way radio systems where communi

cations is allowed only between users belonging 
to the same company or organization to whom a 
dedicated radio frequency channel is allocated 
by a national licensing authority. 

PSTN 
Abbreviation for Public Switched Telephone 

Network, the normal phone system. 

PTO 
Abbreviations for Public Telecommuni

cations Operator, a privately owned company 
licensed to operate a public telecommunications 
network. See also PTT. 

PIT 
Abbreviation for Posts, Telegraphs and Tele

communications administration- a government 
department responsible for running national 
telecommunications and postal services, usually 
as a monopoly. 

Public Access Mobile Radio 
A two way radio system which may be used by 

many different organizations sharing a number 
of radio frequency channels, but who are allowed 
only to communicate with members of their own 
organization, and with the operator of the radio 
network. See also Trunking. 

Radio PAD 
A packet assembler-disassembler (q.v.) with 

an integrated radio transceiver for use with 
Packet Radio systems. 

ROA 
Abbreviation for Recognized Operating 

Agency, the ITU nomenclature for a telecommu
nications or radio network operator whether 
PTT, state owned corporation or privately owned 
company. 

Roaming 
The ability of a mobile phone or mobile data 

terminal to connect with networks of the same 
technical specification but owned and operated 
by different network operators, either within 
one country or across national boundaries. 

RTMS 
Analog, quasi-cellular system employed in 

Italy. 

SIM 
An abbreviation for Subscriber Identity 

Module a programmable non volatile memory in 
a portable or mobile telephone conforming with 
the GSM or DCS1800 standards, that contains 
codes to identify a subscriber to a digital cellular 
telephone service and details of special services 
the subscriber has elected to use. It may be fixed 
within the phone, or more commonly take the 
form of a removable smart card. 

Smart Card 
A plastic card in which is embedded a me

mory and processor chip. 

SMS 
Abbreviation for Short Message Service a 

feature of the GSM European digital cellular 
telephone system that allows short text messages 
to be transmitted from and received by mobile 
telephones. 
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Spread Spectrum 
A radio technology that allows a number of 

radio communications links to use the same 
band of frequencies simultaneously without 
mutual interference. Individual two-way con
versations may be separated either by CDMA 
or Frequency Hopping (q.v.) multiple access 
techniques. 

TACS 
Abbreviation for Total Access Communica

tions System, the technology used to implement 
analogue cellular telephone networks in the 
United Kingdom. 

TCP/IP 
Abbreviation for transmission control pro

tocol/Internet protocol. The standard means 
of communications between two UNIX type 
computers. 

TDD 
An abbreviation for Time Division Duplex. 

TDMA 
Abbreviation for Time Division Multiple 

Access, a technology that allows a number of 
simultaneous data or voice communications to 
share the same communications medium by 
allocating a small period of time, known as a time 
slot, to each conversation in sequence. 

Telepoint 
A cordless telephone base station placed in 

a public place so that owners of compatible 
cordless telephone hand-sets may make calls 
on paying a fee. 

TETRA 
An abbreviation for Trans European Trunked 

Radio Access, a pan-European digital trunked 
radio system designed to support both voice and 
data communications. 

Time Division Duplex 
A technology allowing use of a single channel 

for a two-way digital voice or data communica
tion by dividing a conversation into a series of 

Mobile Computing and Communications 
in Europe 

small time slots so that alternate time slots 
may be allocated to the two directions of trans
mission. For voice, data in each time slot is 
compressed to half its natural duration prior to 
transmission and expanded by the receiver so 
avoiding loss of information. The technique is 
used in CT2 and DECT systems. 

Trunked radio network 
A radio network operated for the benefit of 

closed groups such as haulage fleets, and which 
uses trunking techniques to increase capacity 
and reduce costs. 

Trunking 
The allocation of a radio frequency channel 

to a mobile radio user for the duration of each 
conversation rather than on a permanent basis, 
so allowing a given radio channel to be shared 
among a number of users. 

TSB 
Abbreviation for Telecommunications Stan

dardization Bureau, formed in March 1993 as 
the main body within the International Tele
communications Union responsible for co-ordi
nating the definition and ratification of technical 
standards and recommendations for telecom
munications and radio communications. 

UTMS 
Universal Mobile Telecommunications Sys

tem, the standard for the next generation of 
mobile services, currently being developed by 
the ETSI. 

WARC 
The World Administrative Radio Conference. 

X.25 
An international recommendation defining 

a standard for the software interface and proto
cols to be used between a data communications 
network over which data is carried as packets, 
and a data terminal equipment. 
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Statistical Outlook 

The data and forecasts presented in this section 
have been jointly prepared by !DC and the EITO 
Task Force on the basis of the information avail
able at the end of November 1994. 

In particular, figures for Germany have been 
based on the statistics provided by the German 
Information Technology Manufacturers Associa
tion within VDMA and ZVEI. 

1. Introduction 

This section presents statistics which illus
trate the shape and structures behind the IT and 
communications markets in Europe. The subject 
is presented in three main sub-sections: 

- the shape of the various national IT markets, 
within an international context, and the 
patterns of trade between them; 

- the individual market structures with an eye 
on the competitive aspects, as well as com
parative measures of IT penetration; 

- the role of technological advancement in 
altering the underlying economics of IT. 

Terms are defined at the end of the section. 

2. Methodology 

Government statistical bodies tend to model 
the world starting with the system of national 
accounts. Agreed classifications for industrial 
activity and trade thus become the measures 
against which markets are assessed. In many 
areas the restrictions imposed by such classifica
tions and by the rigorous methods used to collect 
and process information are too great to make 

the resulting information useful to the business 
community. The IT market is a case in point, and 
the failure of the standard classifications to get 
to grips with the subject of software is a specific 
limitation. 

This study is an attempt to shed light on some 
of the more important aspects of the European 
markets for telecommunications and informa
tion technology products (and services), includ
ing substantial elements of the associated market 
for office automation products. 

The basis for the study is the marketplace. 
Thus, instead of defining the marketplace in terms 
of what is produced plus the balance oftrade, the 
research is aimed at measuring the market. 
Valuation is largely based upon the revenues paid 
to primary vendors, with research results cross
checked against a continuous programme of 
end-user interviews and distribution channel 
monitoring. Data on trade flows has also been 
collected, and matched as closely as possible to 
market oriented segmentation, since this data 
can provide information relating to the position 
of Europe with respect to the World. What is 
presented then, is a comprehensive body of 
data which aims to illuminate the European 
IT Market, to cast light onto the situation of 
the market's major players and the underlying 
competitive structures. 

Given the extraordinary scope of this study 
in terms of subject matter and data sources, a 
degree of compromise is necessary in designing 
an appropriate methodology. The same prin
ciples apply to IDC's standard research into the 
IT industry. Because markets differ widely in 
structure and nature, and because consumers of 



Part Three · EITO 95 

market research attach different values to various 
levels of data, a variety of methods are used to 
research different aspects of the IT landscape. 

Thus, the overall methodology should be 
viewed not as a single simple entity, but rather as 
a complex product of an optimization process 
which reflects the value placed upon information 
by its consumers. To illustrate the composite 
nature ofthe methodology consider the contrast
ing markets for mainframe computers and PCs. 
Mainframes are generally sold by a direct sales 
force to the end-user organization without the 
intervention of channel intermediaries. As a re
sult, IDC is able to research this marketplace by 
monitoring the revenues accruing to primary 
suppliers of mainframes. In the PC market, the 
heavy reliance on channel intermediaries means 
that to focus purely on primary suppliers' re
venues understates the market size. As a result, 
measurements ofthe PC market are by reference 
to street prices rather than factory revenues. 
Similarly, the activities ofvalue-added-resellers 
are monitored via software and services and dis
tribution channels programmes, allowing for a 
complete picture of the market. 

3. European ICT Markets 
and Patterns of Trade 

For the purpose of this study, with an em
phasis on the industry supplying goods and serv
ices in return for payment, we deal largely with 
the value of revenues paid to primary vendors for 
information technology goods and services. For 
an expanded discussion ofthe principles implicit 
within this study readers are referred to the 
section on definitions, which appears later in this 
volume. 

All forecast data is prepared in local curren
cies and subsequently converted into constant 
1993 ECU using the exchange rates listed at the 
end of the definitions section. Growth rates 
therefore correspond to local currency growth 
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rates. No adjustment is made for the effects of 
inflation. Trade data are reported in current 
ECU, according to the standard reporting con
ventions. 

In terms of classes of product, again a full 
account appears later in this volume. Here we 
note that the definition of the hardware market
place has been expanded beyond the traditional 
IT systems arena, to include a broad category 
of office hardware technologies such as photo
copiers, typewriters and calculating machines, 
and tele- and datacommunications equipment 
and services. 

In terms of geography, the presentation used 
here is based firmly upon market realities. As the 
rate of growth in information technology mar
kets has reduced substantially, vendors have 
been encouraged to pursue opportunities in 
markets remote from their traditional opera
tions. This is reflected in increased interest in the 
smaller EU markets, such as Greece, Ireland and 
Portugal, and further afield in Eastern Europe. 
As research continues into these markets and as 
the markets themselves develop, the level of 
detail at which information is meaningful will 
change. Until then, the basis of segmentation for 
some of these countries falls short ofthat used in 
the established markets. The major areas in which 
detailed data is lacking for such countries is in the 
fields of information technology services and 
telecommunications products and services. This 
is reflected in the presentation which follows. 

Throughout the statistical section Eastern 
Europe is considered to refer to the former 
Czechoslovakia,Hungary,Poland and the former 
Soviet Union. Bulgaria and Romania are not 
covered by the analysis. The EFTA is represented 
by data on Austria, Finland, Norway, Sweden and 
Switzerland (Liechtenstein and Iceland are not 
included). The heading EU refers to Belgium and 
Luxembourg, Denmark, France, Germany, 
Greece, Italy, the Republic of Ireland, the 
Netherlands, Spain, Portugal, and the UK. 
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6. Economic Background 

Economic recovery in most OECD countries 
began in the second half of 1993, much earlier 
than most observers anticipated. In June 1994, 
the OECD noted that recovery was becoming 
increasingly widespread throughout the OECD 
area. Strong growth in output, improving con
fidence amongst both the business community 
and consumers, and low inflation would result 
in more vigorous business investment. 

The experience of individual countries con
tinues to differ. Recovery in Anglo-Saxon coun
tries (North America, Australia and the UK) 
is firmly established. However, in much of 
continental Europe growth remains subdued. 
Although net export growth has provided a sig
nificant boost to output, only a modest pick-up in 
domestic demand has taken place. In contrast, 
the Japanese economy remains weak with the 
appreciation of the yen causing a continued 
decline in net exports. 

Figures 1, 2 and 3 chart the progress of growth 
in real gross domestic product and gross private 
non-residential fixed capital formation for the 
period from 1980 to date, and with estimates and 
forecasts for 1994, 1995 and 1996 respectively. 
The timing and extent of recession in the US, 
Japan and OECD Europe are clearly visible. 

As the year has progressed, forecasts of 
economic pick-up have improved. Assessing 
some early and mid-year forecasts at the end of 
1994, these seem overly pessimistic. Criticised a 
year ago for generating overly-optimistic figures, 
many economic forecasting institutions believe 
that OECD estimates are now too conservative. 

The main factors underlying the improved 
economic outlook situation include: 

- the restoration in business and consumer 
confidence ; 

- restrained savings behaviour by households; 
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- the achievement of virtually unprecedented 
low inflation rates; 

- lower short-term interest rates (producing 
modest improvements in budget deficits); 

- improvements of trade balances. 

Throughout 1994, German economic insti
tutions have become more optimistic as recovery 
based on a rebound in foreign orders appears to 
be taking place. German consumption is still 
expected to be constrained by high unemploy
ment and a squeeze on real incomes which may 
restrain domestic demand. Additional taxes on 
income will be imposed next year leading to a 
fall in disposable consumer income. As a result, 
private consumption is likely to remain corre
spondingly weak. The most recent forecasts for 
Germany note that the exports-based recovery 
is beginning to stabilize. 

Of the large economies, the United Kingdom 
has maintained its counter-cyclical recovery 
with few countries (Denmark, Norway, Ireland) 
expected to outperform the country's growth 
in either 1994 or 1995. 

The OECD's greatest concern in the post 
recession period is government debt. Most coun
tries have recognized the need to improve their 
fiscal positions following the widespread dete
rioration of general government financial bal
ances between 1989 and 1993. Many are taking 
action in 1994 and 1995 to improve the situation. 

In many continental European countries the 
strength of the recovery will depend on con
tinuing improvements in net exports. Domestic 
demand has not yet responded significantly 
to the easier monetary conditions which now 
exist in most of the region. Fiscal policy is being 
tightened substantially in Germany, France, 
Italy and some smaller countries. Falling house
hold savings rates and improving confidence, as 
unemployment rates stabilize and order books 
lengthen, should provide some further support 
for demand and activity. 
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Of course, uncertainties and risks exist: 
- The process of debt reduction is continuing 

but the impact on demand and activity re
mains uncertain. As households reduce their 
debt burden, borrowers and lenders remain 
cautious. This could translate into slower
than-projected recovery. 

- Interest rate uncertainty. How far will interest 
rates have to fall from current levels in order 
to spur recovery? How much further - and 
how rapidly- will they fall? German inflation 
is a key factor in this. Progress in reducing 
German inflation has been slow and interest 
rates may have to remain high in order to 
induce reductions in inflation. 

- Many countries have announced plans to 
undertake fiscal consolidation over the next 
two years. As economies attempt to reduce 
structural budget deficits, there may be a 
negative short-term impact on demand. 

- External factors also pose some risk. Exchange 
rate pressures have again emerged as forces 
that could complicate the setting of policy. 

Observed from a micro-economic viewpoint, 
tangible improvements can be seen in the Euro
pean Commission's monthly EU business sur
veys for the industrial, cbnstruction and retail 
sectors and of consumer confidence. Typically, 
confidence indicators are slower in showing 
improvements as perceptions of improved eco
nomic conditions take time to filter their way 
through in the public's mind. Confidence in the 
manufacturing sector starting to rise in the third 
quarter of 1993 and this has been followed by 
improvements in the construction, retail and 
consumer sectors since the beginning of 1994. 

Fluctuations in private sector investment 
(excluding the contribution from investment in 
homes) have been dramatic over the past decade. 
Following a near 10% fall in 1993, a more opti
mistic outlook is now predicted by the OECD. 
Figure 4 shows trends in gross private non-resi
dential fixed capital formation for the US, Japan 
and OECD Europe from 1980 to 1996. The US 

figures reinforce the belief that strong growth 
is taking place in the country's. economy. As 
capacity output is reached, increased investment 
is taking place. Europe is still far from reaching 
capacity output but increases are expected 
whereas Japan continues to lag behind. 

The ICT market in an economic context 
The European IT sector suffered particularly 

badly as the overheating of the European econ
omy in the late 1980s created a large stockpile 
of recent technology that has been able to tide 
over customers through the downturn while pur
chases of new IT could be postponed. European 
IT prices have continued to remain significantly 
higher than the US. 

With economic recovery come improved 
prospects for the ICT sector. Structural changes 
continue within the IT sector. The chief driver 
in growth is now the personal computer sector 
where faster processors, improving operating 
systems and the increasing interaction between 
the IT and communications sectors overlap. 

The promises of open standards in hardware 
and software which consumed so much attention 
in the late 1980s are now bearing fruit. The new 
standards are de facto rather than de jure but 
bring with them a new powerful momentum 
based on greater competition and lower margins 
amongst vendors and lower prices for consum
ers. The effect of these changes in the rules of 
competition have amplified the effects of the 
recession, causing a redistribution of vendor 
power away from traditional full range vendors. 

The 1995 report uses regional breakdowns 
based on the European Union (EU), European 
Free Trade Association (EFTA) and Eastern 
Europe.At the beginning of1995, it is anticipated 
that Austria, Finland and Sweden will become 
members ofthe EU but agreements had not been 
finalised at the time of writing. In next year's 
report, different regional groupings will be 
introduced to reflect changing geographical and 
economic ties. 
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Real GDP growth in% :' 

Austria 
Belgium 
Denmark 
Finland 
France 
Germany 
Greece 
Ireland 
Italy 
Luxembourg 
Netherlands 
Norway 
Portugal 
Spain 
Sweden 
Switzerland 
United Kingdom 
Western Europe 
USA 
Japan 

Source : OECD December 1994 

N aminal G D P growth in % 
Austria 
Belgium 
Denmark 
Finland 
France 
Germany 
Greece 
Ireland 
Italy 
Luxembourg 
Netherlands 
Norway 
Portugal 
Spain 
Sweden 
Switzerland 
United Kingdom 
Western Europe 
USA 
Japan 

Source : OECD December 1994 

1990 1991 
4.2 2.7 
3.2 2.3 
1.4 1.0 
0.0 -7.1 
2.5 0.8 
5.7 5.0 

-1.0 3.2 
8.6 2.9 
2.1 1.2 
3.2 3.1 
4.1 2.1 
1.7 1.6 
4.4 2.1 
3.6 2.2 
1.4 -1.1 
2.3 0.0 
0.4 -2.0 
3.2 1.5 
1.2 -0.6 
4.8 4.3 

1990 1991 
7.7 6.7 
6.5 5.0 
4.1 3.5 
5.9 -4.8 
5.7 3.9 
9.1 9.1 

19.8 22.2 
6.7 4.0 
9.9 8.9 
6.2 6.1 
6.5 5.0 
6.3 4.0 

19.3 16.6 
11.3 9.4 
10.3 6.4 
8.1 5.4 
6.8 4.4 
8.5 7.0 
5.6 3.2 
7.2 6.3 
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1992 1993 1994 1995 f9,96 

1.6 -0.3 2.6 3.0 3.1 
1.9 -1.7 2.3 3.0 3.1 
1.2 1.4 4.7 3.3 2.9 

-3 .6 -2.0 3.5 4.8 3.9 
1.2 -1.0 2.2 3.1 3.2 
2.2 -1.1 2.8 2.8 3.5 
0.8 -0.5 1.0 1.5 2.3 
5.0 4.0 5.0 5.0 4.6 
0.7 -0.7 2.2 2.7 2.9 
1.9 0.3 2.6 3.2 3.5 
1.4 0.4 2.5 2.9 3.2 
3.4 2.2 3.6 2.9 2.3 
1.1 -1.1 1.0 2.6 2.9 
0.8 -1.0 1.7 2.9 3.3 

-1.9 -2.1 2.3 2.3 2.5 
-0.3 -0.9 1.7 2.2 2.7 
-0.5 2.0 3.5 3.4 3.0 

1.2 -0.1 2.3 3.0 3.2 
2.3 3.1 3.9 3.1 2.0 
1.1 0.1 1.0 2.5 3.4 

1992 ' 1993 ' 1994 1995 1996 
5.9 3.6 5.8 5.7 6.1 
5.3 2.6 4.4 5.4 5.6 
3.2 3.2 6.6 5.8 5.7 

-2 .9 0.4 5.3 7.1 6.9 
3.5 1.4 3.5 5.0 5.1 
7.8 2.7 5.2 4.9 5.8 

15.1 13 .0 12.2 11.6 9.3 
6.4 7.7 7.6 7.6 7.3 
5.3 3.7 5.3 5.7 6.4 
6.5 2.8 5.5 6.0 6.5 
3.9 2.0 4.4 4.9 5.4 
2.4 4.3 4.3 5.1 4.3 

14.7 5.3 5.6 7.0 7.0 
7.4 3.4 5.8 6.7 6.4 

-0.5 0.7 4.4 4.8 5.2 
2.3 1.3 3.8 4.8 5.0 
3.8 5.5 5.7 5.8 5.7 
5.4 3.2 5.1 5.5 5.8 
5.2 5.4 6.0 5.7 5.3 
2.8 1.0 1.6 3.1 4.1 
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Gross private non-residential fixed capital formation (growth) in% 
1990 1991 1992 

Austria 8.3 3.1 - 0.2 

Belgium 11.8 - 2.6 -4.6 

Denmark 2.6 - 4.1 -12.1 

Finland - 6.4 -24.2 -21.3 

France 4.7 - 1.0 - 5.1 
Germany 10.1 7.5 - 2.7 
Greece 7.9 - 9.0 13.7 

Ireland 14.9 -12.3 - 5.9 
Italy 5.4 - 0.3 - 1.5 
Luxembourg N/A N/A N/A 
Nether lands 2.4 4.4 - 0.8 
Norway -32.7 5.7 7.2 
Portugal N/A N/A N/A 
Spain 3.7 2.4 - 1.7 
Sweden - 0.9 -13.9 -15.6 

Switzerland 3.3 - 3.6 - 8.5 
United Kingdom - 3.1 - 9.5 - 5.1 

Western Europe 4.2 - 0.8 - 3.6 

USA 1.2 - 5.7 2.0 
Japan 11.4 6.6 - 4.0 

Source: OECD December 1994 

%growth 
15 

10 

5 

0 

- 5 

-10 

1993 
- 4.0 

- 8.4 
- 3.0 
-22.8 

- 8.4 
-14.3 
- 0.4 
- 4.0 
- 15.2 
N/A 

- 2.7 
25.8 
N/A 

-14.8 
-16.5 
- 5.5 

- 0.7 
- 9.5 

12.5 
- 8.5 

1994 1995 
6.3 6.2 
0.0 6.3 
5.7 9.0 

15.1 17.7 

0.3 5.4 
- 1.3 6.0 

7.3 3.0 

6.7 7.3 
1.3 5.7 

N/A N/A 
1.9 5.5 

- 3.9 7.6 
N/A N/A 

- 0.2 5.7 
17.3 14.5 

8.0 5.3 
1.5 6.9 
1.5 6.3 

12.5 8.6 
- 7.1 1.4 

-- RealGDP 
Nominal GOP 

-GFCF 

1996 
7.3 
6.7 
7.5 

12.7 

8.1 
8.6 
7.0 
3.6 
6.3 

N/A 
6.9 
2.3 

N/A 
7.5 

10.0 
7.0 
6.9 
7.5 
4.2 
4.1 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 

Source: OECD December 1994 

Table 3 
Gross Private 
Non-residential Fixed 
Capital Formation 
(Growth), 1990-1996 

Figure 1 
Economic Develop
ments in OECD 
Europe, 1980-1996 



Figure 2 
Economic Develop
ments in Japan , 
1980-1996 

Figure 3 
Economic Develop
ments in the USA, 
1980-1996 
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Non-residential Fixed 
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in OECD Europe, 
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Figure 5 
Growth ojReal Gross 
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in OECD Europe, 
the USA, Japan, 
1980-1996 



Part Three · EITO 95 

7. International ICT Markets 

In 1994, the worldwide ICT market within 
the definitions of this study totalled ECUs 
910 billion. The IT market alone accounted 
for 47% of it. The total ICT market grew by 5.6% 
during the year with the IT sector showing a 7. 8% 
improvement. After adjusting for exchange rates, 
the overall ICT market grew by 7.7%, with the IT 
market expanding 10.1 %. 

For the second year, the US IT market has 
gained share as a proportion of all IT spending 
as a result of the strong US IT recovery and pro
gressive ECU devaluation against the US Dollar. 

In 1994 the US ICT market grew 5.7%, or 
7.6% accounting for exchange rate variations. 
The European ICT market (including Eastern 
Europe) grew by 5.3% in 1994, while the IT 
market expanded by 4.6% (or slightly less when 
Eastern Europe is excluded). 

Cyclical economic changes continue to 
accelerate trends within the industry, the most 
predominant of which is the increasing impor
tance of the single-user market in sales of both 
hardware and software & services. 

The European IT sector suffered particularly 
badly in the recession of 1993 as the overheating 
of the European economy in the late 1980s 
created a large stockpile of recent technology that 
could tide over customers through the down
turn, as a result purchases could be postponed. 
European IT prices have continued to remain 
significantly higher than the US. With PC price 
wars, the potential to cut margins and turn profits 
into losses has been a powerful one. 

The rapid growth of European IT markets 
which was so much a feature of the past decade 
and more, came to a sudden halt in the early 
1990s. The manner in which the European IT 
markets decelerated is well illustrated in Figure 7. 

Statistical Outlook 

Dropping to an unprecedented growth rate of 
2% in 1993, there is now more optimism in the 
market with growth in the region of 5-6% forecast 
for 1995 and 1996. 

Industry executives and those professionally 
engaged in monitoring the IT industry have 
been made increasingly aware of the close ties 
between the fortunes of the industry and the 
general economic health of the major buying 
nations . Unlike other periods of recession, com
panies did not increase automation at the ex
pense of manual functions. In the past, the IT 
industry benefited from counter-cyclical growth. 
However, this was not the case in 1993. The struc
tural weaknesses within much of the IT industry 
are beginning to be resolved by large scale 
restructuring. To these problems, the prospect of 
de-regulation of European telecommunications 
markets in the near future will exacerbate the 
feeling of uncertainty. 

The 1994 market for communications and 
information technology products in Western 
Europe is valued at ECU 282 billion. Of this, 
ECU 246 billion is attributed to EU member 
states, and the remaining ECU 36 billion is 
attributed to EFTA states. Former Czechoslo
vakia, Poland, Hungary and the former Soviet 
Union (not included in the Western European 
total quoted above) considered together would 
add a further ECU 10 billion to the total. By 
1996 the combination of the EU and EFTA 
market forecasts is expected to reach ECU 316 
billion, an increase of ECU 34 billion over two 
years; but Eastern European markets are only 
expected to offer an additional opportunity 
equivalent to ECU 2 billion over the same 
period. Table 9 shows the overall value of the 
ICT markets in the various EU and EFTA states 
over the study period. The relative proportions 
that the EFTA, EU and Eastern European states 
comprise of the total continental ICT market 
are illustrated in Figure 11. More detailed in
formation on the ICT market value in the major 
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regions and the individual countries, including
comprehensive details by class of product, are

given in Tables I2 to 35. Supplementary data on
the number of units shipped are given, where
available, inTables 36 to 59.

In contrast to most other regions, the Euro-
pean telecommunications market is expected to
grow at a faster rate than the IT industry over the
next two years the IT market. By 1996 the tele-
communications market will account for 550/o of
the total ICT market. Within the telecommuni-
cations market the vast majority of revenues are

derived from voice network services, a situation
which is not expected to change during the
period under discussion.

By contrast, the largest proportion of the
1994 IT market is attributed to services which
accounted for 170/o of the European ICT market
in 1994. The IT hardware market has been

strengthen by growth in the single-user market -
not only PCs but also single-user add-ons, such

as printers and CD-ROM drives - has given new
life to this sector. Computerhardware accounted
for more than 150/o of the European ICT market
in 1994. Software products accounted for 90/o

of the ICT market in 1994 while the importance
of office equipment continued to decline to
just under 3o/0.

Between 1994 and7996,changes in the relati-
ve importance ofdifferent classes are expected to
occur. The telecommunications market is

expected to account for 550/o of the market
throughout the period but the size of the
telecommunications services market will grow

relative to telecommunications equipment
(services will grow from 450/o of the ICT market
to 47010, whereas equipment will decline from
90lo to 80/o). In the IT sector, changes in relative
importance will be slight.

The compound annual growth rates for the
major classes of ICT business from 1994 to 1996

are shown in Figure 8. Detailed examination of
the forecasts presented reveal the wide fluctua-
tions between trading areas and the telecommu-
nications sectors within these areas. Europe is

likely to benefit from overall growth of around
60/o with the US expected to underperform due to
little growth in its telecommunications market.
IT growth in the US, Japan and the Rest of the
World are all expected to outstrip growth in
Europe by a margin of at least20/o for each of the
next two years.

Figure 6
Worldwide ICTMarket
by Product, 1994

Total Value:
910 Billion

Note: Not equal to 1000/o because of rounding.

Office
Equipment

Data
Comm.

Hardware

Telecom Services
420/o

SW Products

/ Telecom I

Equipment

Source: EITO



Table 4 
Worldwide 
IT and /CT Market 
Growth Trends. 
Market Value. 
Million ECUs 
at Constant 1993 
Exchange Rates 
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IT Europe* 
us 
Japan 
ROW** 

Total 

ICT Europe* 
us 
Japan 
ROW** 
Total 

IT Europe* 
us 
Japan 
ROW** 
Total 

ICT Europe* 
us 
Japan 
ROW** 
Total 

IT Europe* 
us 
Japan 
ROW** 
Total 

ICT Europe* 
us 
Japan 
ROW** 
Total 

*includes Eastern Europe 

**Rest ofWorld 

.. ,. 1992 
124,124 
151,902 
71,170 
32,197 

379,393 

266,216 
287,184 
137,488 
137,039 
827,927 

~ . 
,, 

32.7 
40.0 
18.8 
8.5 

100.0 

32.2 
34.7 
16.6 
16.6 

100.0 
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1993 1994 1995 1996 

127,251 133,167 140,503 148,821 
163,959 178,876 193,651 207,251 
66,816 70,863 75,797 81,953 
37,073 42,910 48,670 54,540 

395,099 425,817 458,620 492,564 

276,711 291,290 309,119 328,154 
301,269 318,561 336,028 352,671 
137,403 144,029 155,616 167,753 
146,124 155,651 165,440 175,672 
861,507 909,531 966,203 1,024,250 

%growth 
2.5 4.6 5.5 5.9 
7.9 9.1 8.3 7.0 

-6.1 6.1 7.0 8.1 
15.1 15.7 13.4 12.1 
4.1 7.8 7.7 7.4 

3.9 5.3 6.1 6.2 
4.9 5.7 5.5 5.0 

-0.1 4.8 8.0 7.8 
6.6 6.5 6.3 6.2 
4.1 5.6 6.2 6.0 

%breakdown 
. .. 

32.2 31.3 30.6 30.2 
41.5 42.0 42.2 42.1 
16.9 16.6 16.5 16.6 
9.4 10.1 10.6 11.1 

100.0 100.0 100.0 100.0 

32.1 32.0 32.0 32.0 
35.0 35.0 34.8 34.4 
15.9 15.8 16.1 16.4 
17.0 17.1 17.1 17.2 

100.0 100.0 100.0 100.0 
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IT Europe* 
us 
Japan 
ROW** 

Total 

ICT Europe* 
us 
Japan 
ROW** 
Total 

•. 

IT Europe* 
us 
Japan 
ROW** 
Total 

ICT Europe* 
us 
Japan 
ROW** 
Total 

IT Europe* 
us 
Japan 
ROW** 
Total 

ICT Europe* 
us 
Japan 
ROW** 
Total 

* includes Eastern Europe 

**Rest ofWorld 

.. 

,, 

~· 

' 1992 
124,124 

136,961 

56,320 

30,951 
348,356 

266,216 

258,937 
108,799 

132,281 
766,232 

~ 

·" 
35.6 

39.3 

16.2 

8.9 

100.0 

34.7 

33.8 
14.2 
17.3 

100.0 

1993 
127,251 
163,959 

66,816 

37,073 
395,099 

276,711 

301,269 

137,403 

146,124 

861,507 

2.5 
19.7 

18.6 

19.8 
13.4 

3.9 
16.3 

26.3 

10.5 
12.4 

32.2 

41.5 

16.9 

9.4 
100.0 

32.1 

35.0 
15.9 
17.0 

100.0 

1994 1995 
133,167 140,503 
182,018 195,918 

76,878 82,629 
42,808 48,415 

434,871 467,465 

291,290 309,119 
324,156 339,962 
156,254 169,643 

155,763 165,080 
927,463 983,805 

%growth 
-1.0 -0.1 

11.0 7.6 

15.1 7.5 

15.5 13.1 
10.1 7.5 

5.3 6.1 
7.6 4.9 

13.7 8.6 

6.6 6.0 
7.7 6.1 

%breakdown 
30.6 30.1 

41.9 41.9 

17.7 17.7 

9.8 10.4 
100.0 100.0 

31.4 31.4 
35.0 34.6 
16.8 17.2 

16.8 16.8 
100.0 100.0 

1996 
148,821 

209,678 
89,340 

54,284 
502,122 

328,154 

356,801 
182,874 

175,321 
1,043,149 

0.2 

7.0 
8.1 

12.1 
7.4 

6.2 

5.0 

7.8 
6.2 

6.0 

29.6 
41.8 

17.8 

10.8 

100.0 

31.5 
34.2 

17.5 
16.8 

100.0 

Table 5 
Worldwide 
IT and ICTMarket 
Growth Trends. 
Market Value. 
Million ECUs 
at Current 
Exchange Rates 



Table 6 
ECU Exchange Rates, 
1991-1995 

Table 7 
Major Regional ICT 
Markets by Product. 
1994 and 1996. 
Million ECUs. 

Table 8 
Major Regional ICT 
Markets by Product. 
%Average Annual 
Growth in Value. 
1993-1995. 
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$ 
Yen 

Source: OECD 

1994 

IT Hardware 
Software 
IT Services 
Telecom Equipment 
Telecom Services 
Total 

1996 

IT Hardware 
Software 
IT Services 
Telecom Equipment 
Telecom Services 
Total 

IT Hardware 
Software 
IT Services 
IT 
Telecom Equipment 
Telecom Services 
Telecom 
Total 

1991 
1.23 

166.1 

Western Eastern 
Europe Europe 
56,528 2,199 
25,316 436 
47,732 956 
25,838 2,683 

126,277. 3,325 
281,690 9,600 

Western Eastern 
Europe Europe 

62,641 2,857 
29,442 552 
52,113 1,215 
23,825 3,179 

148,343 3,986 
316,365 11,789 

Western Eastern 
Europe Europe 

5.3 14.0 
7.8 12.5 
4.5 12.7 
5.5 13.5 

-4.0 8.8 
8.4 9.5 
6.4 9.2 
6.0 10.8 
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1992 1993 1994 1995 
1.29 1.17 1.15 1.16 

163.9 130.2 120.0 119.4 

us Japan ROW World 

81,114 37,544 25,052 202,436 
30,402 6,404 3,691 66,249 
67,360 26,916 14,167 157,131 
27,212 14,719 26,208 96,659 

112,473 58,447 86,532 387,055 
318,561 144,029 155,651 909,530 

us Japan ROW World 

87,898 45,540 30,834 229,770 
38,430 8,029 6,180 82,632 
80,922 28,384 17,527 180,162 
28,709 15,603 29,776 101,092 

116,711 70,197 91,357 430,594 
352,670 167,754 175,672 1,024,250 

us Japan ROW World 

4.1 10.1 10.9 6.5 
12.4 12.0 29.4 11.7 
9.6 2.7 11.2 7.1 
7.6 7.5 12.7 7.6 
2.7 3.0 6.6 2.3 
1.9 9.6 2.7 5.5 
2.0 8.3 3.7 4.8 
5.2 7.9 6.2 6.1 
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EU & EFTA ITMa:,ket.
Annual Growth,
r988-1996

Figure I
World ICTMarkets.
Average Annual
Growth in o/0,
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Figure 9

World ICTMarket.
Regional Proportions
bv Product,1994

Figure I0
World ICTMarket.
Product Proportions
by Region, 1994
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Figure I I
European IT Market
by Region,
1994 and 1996

Figure l2
EU & EFTA ICT
Market Proportions
by Class ofBusiness,
1994 and 1996



Table 9 
ICTMarket 
by Country 
(Million ECUs) 

Table 10 
IT Market 
by Country 
(Million ECUs) 
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ICT Market by Country 

Austria 
Belgium/Luxembourg 
Denmark 
Finland 
France 
Germany 
Greece 
Ireland 
Italy 
Netherlands 
Norway 
Portugal 
Spain 
Sweden 
Switzerland 
UK 
Western Europe 

IT Market by Country 

Austria 
Belgium/Luxembourg 
Denmark 
Finland 
France 
Germany 
Greece 
Ireland 
Italy 
Netherlands 
Norway 
Portugal 
Spain 
Sweden 
Switzerland 
UK 
Western Europe 

1992 1993 1994 

5,342 5,731 6,086 
6,813 7,095 7,477 
4,744 4,976 5,302 
2,789 2,950 3,110 

43,015 44,613 47,194 
73,622 75,999 79,085 

1,567 1,763 1,977 
1,777 1,867 1,975 

26,180 26,801 27,967 
11,776 12,286 12,994 
4,390 4,698 4,985 
2,424 2,711 3,046 

13,023 12,989 13,383 
8,488 8,948 9,446 

10,935 11,165 11,732 
41,728 43,484 45,933 

258,611 268,077 281,690 

1992 1993 1994 

2,385 2,589 2,741 
3,580 3,703 3,866 
2,752 2,864 3,067 
1,440 1,537 1,642 

22,254 22,350 22,990 
35,055 35,279 36,590 

403 442 491 
624 667 713 

11,830 11,610 11,768 
5,978 6,199 6,486 
2,159 2,312 2,460 

795 810 838 
4,919 4,664 4,609 
3,904 4,251 4,619 
4,826 4,853 5,108 

18,771 20,038 21,588 
121,676 124,169 129,576 
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1995 1996 1993/92 1994/93 1995/94 1996/95 

% % % % 

6,477 6,884 7.3 6.2 6.4 6.3 
8,010 8,515 4.1 5.4 7.1 6.3 
5,614 5,933 4.9 6.5 5.9 5.7 
3,293 3,444 5.8 5.4 5.9 4.6 

50,209 53,504 3.7 5.8 6.4 6.6 
83,074 87,560 3.2 4.1 5.0 5.4 
2,271 2,578 12.5 12.1 14.9 13.5 
2,092 2,206 5.1 5.8 5.9 5.4 

29,798 31,827 2.4 4.4 6.5 6.8 
13,921 14,867 4.3 5.8 7.1 6.8 
5,251 5,497 7.0 6.1 5.3 4.7 
3,434 3,835 11.8 12.4 12.7 11.7 

14,298 15,332 -0.3 3.0 6.8 7.2 
9,897 10,306 5.4 5.6 4.8 4.1 

12,389 13,094 2.1 5.1 5.6 5.7 
48,376 50,983 4.2 5.6 5.3 5.4 

298,404 316,365 3.7 5.1 5.9 6.0 

1995 1996 199319i 1994/93 1995/94- 199.6/95 
·> % % % % 

2,909 3,096 8.5 5.9 6.2 6.4 
4,052 4,210 3.5 4.4 4.8 3.9 
3,271 3,476 4.1 7.1 6.7 6.2 
1,786 1,898 6.7 6.8 8.8 6.3 

24,025 25,340 0.4 2.9 4.5 5.5 
38,650 41,082 0.6 3.7 5.6 6.3 

573 668 9.6 11.2 16.7 16.6 
763 809 6.9 6.9 7.0 6.0 

12,172 12,774 -1.9 1.4 3.4 4.9 
6,788 7,109 3.7 4.6 4.7 4.7 
2,608 2,735 7.1 6.4 6.0 4.9 

889 952 1.8 3.5 6.0 7.1 
4,773 5,057 -5.2 -1.2 3.6 5.9 
4,933 5,204 8.9 8.6 6.8 5.5 
5,389 5,718 0.6 5.3 5.5 6.1 

22,746 24,068 6.7 7.7 5.4 5.8 
136,328 144,196 2.0 4.4 5.2 5.8 
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Telecommunications 1992 1993 1994 Market by Country 

Austria 2,957 3,143 3,345 
Belgium/Luxembourg 3,233 3,391 3,611 
Denmark 1,992 2,112 2,235 
Finland 1,348 1,413 1,468 
France 20,761 22,263 24,203 
Germany 38,567 40,720 42,496 
Greece 1,164 1,321 1,486 
Ireland 1,153 1,200 1,262 
Italy 14,350 15,191 16,200 
Netherlands 5,798 6,087 6,507 
Norway 2,232 2,387 2,524 
Portugal 1,629 1,901 2,208 
Spain 8,104 8,325 8,774 
Sweden 4,583 4,697 4,827 
Switzerland 6,109 6,312 6,624 
UK 22,956 23,446 24,345 
Western Europe 136,936 143,909 152,114 

1995 1996 1993/92 
% 

3,568 3,788 6.3 
3,958 4,306 4.9 
2,342 2,458 6.0 
1,507 1,546 4.8 

26,184 28,164 7.2 
44,424 46,478 5.6 

1,698 1,910 13.5 
1,329 1,397 4.1 

17,626 19,053 5.9 
7,133 7,758 5.0 
2,643 2,762 7.0 
2,545 2,883 16.7 
9,524 10,275 2.7 
4,964 5,101 2.5 
7,000 7,376 3.3 

25,630 26,915 2.1 
162,076 172,169 5.1 

1994/93 1995/94 
% % 
6.4 6.7 
6.5 9.6 
5.8 4.8 
3.9 2.7 
8.7 8.2 
4.4 4.5 

12.5 14.3 
5.2 5.3 
6.6 8.8 
6.9 9.6 
5.8 4.7 

16.1 15.3 
5.4 8.6 
2.8 2.8 
4.9 5.7 
3.8 5.3 
5.7 6.5 

1996/95 
% 
6.2 
8.8 
4.9 
2.6 
7.6 
4.6 

12.5 
5.1 
8.1 
8.8 
4.5 

13.3 
7.9 
2.8 
5.4 
5.0 
6.2 

Table 11 
Te/ecomm un ications 
Market by Country 
(Million ECUs) 



Table 12 
Austria 
ICT Market Value 
(Million ECUs) 
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Austria 

Large 
Medium 
Small 
Workstations 
PCs- portable 
PCs - desktop 
PC printers 
Computer hardware 
Typewriters 
Calculators 
Copiers 
Other office equipment 
Office equipment 
LAN hardware 
Other data communications 
Data communications hardware 
IT hardware 
Systems software 
Application software 
Software products 
Professional services 
Processing services 
Network services 
Hardware maintenance & 
support services 
Services 
Software and services 
Total IT 
Service providing equipment 
Customer premises equipment 
Data Network Services 
Voice network services 
Installation & maintenance 
Total telecom 
Total ICT 

1992 1993 1994 

131 137 123 
125 124 126 
124 174 178 
54 62 73 
59 79 90 

245 280 292 
109 111 119 
847 968 1,000 

14 11 9 
13 13 13 
69 67 67 
51 48 48 

148 139 137 
25 44 58 
24 22 26 
49 66 84 

1,044 1,173 1,221 
248 272 308 
190 212 244 
437 483 553 
408 428 456 
172 174 175 
25 27 31 

300 302 305 
904 932 967 

1,341 1,415 1,519 
2,385 2,589 2,741 

417 408 401 
183 190 196 
343 402 463 

1,966 2,094 2,238 
48 48 48 

2,957 3,143 3,345 
5,342 5,731 6,086 

Statistical Outlook 
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• 
1995 1996 1993/92 1994/93 1995/94 1996/95 

% % % % 
113 110 5.2 -10.6 - 8.3 - 2.3 
131 134 -0.7 1.4 4.1 2.6 
194 205 40.7 2.2 9.0 5.9 
83 91 15.0 16.4 14.1 9.3 
95 93 35.0 13.7 5.5 - 2.0 

291 302 14.0 4.5 - 0.4 3.9 
118 120 1.7 6.6 - 0.8 2.0 

1,024 1,056 14.3 3.3 2.4 3.1 
8 7 -20.0 -18.6 -16.4 -12.1 

13 13 - 2.8 - 2.0 - 1.0 - 1.2 
68 69 - 3.0 - 0.8 2.0 1.9 
51 55 - 6.0 0.3 6.1 7.9 

139 144 - 5.6 - 2.0 1.9 3.0 
74 82 71.7 34.3 26.1 11.7 
26 27 - 7.1 16.1 - 1.3 5.4 
99 109 33.4 28.1 17.7 10.1 

1,263 1,309 12.4 4.1 3.4 3.6 
352 405 9.7 13.5 14.1 15.0 
287 336 11.7 15.3 17.5 17.0 
639 740 10.5 14.3 15.6 15.9 
488 519 5.0 6.5 7.0 6.5 
178 178 1.3 0.5 1.6 0.2 
34 36 9.5 11.6 10.5 7.3 

308 313 0.9 1.0 1.0 1.5 
1,008 1,047 3.1 3.8 4.2 3.9 
1,646 1,787 5.5 7.4 8.4 8.6 
2,909 3,096 8.5 5.9 6.2 6.4 

393 384 - 2.0 - 1.9 - 1.9 - 2.2 
202 208 4.2 2.7 3.1 3.0 
527 591 17.2 15.1 13.8 12.2 

2,398 2,557 6.5 6.9 7.1 6.6 
49 49 0.0 0.0 1.8 0.0 

3,568 3,788 6.3 6.4 6.7 6.2 
6,477 6,884 7.3 6.2 6.4 6.3 
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Belgium/Luxembourg 1992 1993 1994 1995 

Large 233 228 204 187 
Medium 141 142 144 150 
Small 155 159 159 171 
Workstations 51 58 66 73 
PCs - portable 88 100 111 114 
PCs - desktop 369 391 450 491 
PC printers 151 156 168 175 
Computer hardware 1,188 1,233 1,302 1,361 
Typewriters 21 17 16 14 
Calculators 17 17 17 17 
Copiers 122 119 118 121 
Other office equipment 82 80 82 88 
Office equipment 242 234 233 241 
LAN hardware 46 67 79 96 
Other data communications 31 33 34 33 
Data communications hardware 78 101 112 129 
IT hardware 1,508 1,567 1,647 1,732 
Systems software 380 393 411 436 
Application software 237 249 261 278 
Software products 617 641 672 715 
Professional services 727 751 789 833 
Processing services 292 301 310 317 
Network services 44 48 52 58 
Hardware maintenance & 
support services 391 395 397 398 
Services 1,455 1,495 1,547 1,606 
Software and services 2,072 2,136 2,219 2,320 
Total IT 3,580 3,703 3,866 4,052 
Service providing equipment 381 361 347 332 
Customer premises equipment 265 271 279 285 
Data network services 267 305 363 514 
Voice network services 2,240 2,373 2,540 2,745 
Installation & maintenance 80 81 82 83 
Total telecom 3,233 3,391 3,611 3,958 
Total ICT 6,813 7,095 7,477 8,010 

1993/92 1994/93 1996 % % 

183 - 2.2 -10.5 
154 0.8 1.7 
185 2.1 0.5 
79 13.4 13.2 

112 13.8 11.3 
509 5.9 15.1 
183 3.2 7.4 

1,404 3.8 5.6 
13 -16.1 - 9.9 
17 0.2 1.5 

126 - 2.5 - 1.0 
96 - 1.9 2.1 

253 - 3.3 - 0.4 
103 45.8 16.7 
34 5.7 1.0 

137 29.6 11.5 
1,793 4.0 5.1 

461 3.4 4.6 
294 4.7 5.2 
755 3.9 4.8 
875 3.3 5.0 
320 3.0 3.2 

67 8.9 6.9 

400 0.8 0.5 
1,661 2.7 3.5 
2,416 3.1 3.9 
4,210 3.5 4.4 

317 - 5.2 - 4.0 
291 2.3 3.2 
664 14.1 19.0 

2,950 5.9 7.0 
84 1.1 1.1 

4,306 4.9 6.5 
8,515 4.1 5.4 

1995/94 
% 

- 8.1 
4.3 
7.4 

10.4 
2.7 
9.1 
4.1 
4.5 

- 7.6 
1.5 
2.8 
7.5 
3.7 

21.9 
- 0.3 

15.3 
5.1 
6.2 
6.5 
6.4 
5.6 
2.1 

12.7 

0.3 
3.8 
4.6 
4.8 

- 4.4 
2.1 

41.5 
8.1 
1.0 
9.6 
7.1 

1996/95 
% 

- 2.3 
2.7 
7.9 
8.2 

- 1.6 
3.6 
4.5 
3.2 

- 8.1 
0.7 
3.5 
9.4 
4.8 
7.1 
1.3 
5.6 
3.6 
5.7 
5.5 
5.6 
5.0 
1.0 

15.3 

0.5 
3.5 
4.1 
3.9 

- 4.5 
2.1 

29.3 
7.5 
1.0 
8.8 
6.3 

Table 13 
Belgium/Luxembourg 
JCTMarket Value 
(Million ECUs) 



Table 14 
Denmark 
ICT Market Value 
(Million ECUs) 
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Denmark 

Large 
Medium 
Small 
Workstations 
PCs - portable 
PCs - desktop 
PC printers 
Computer hardware 
Typewriters 
Calculators 
Copiers 
Other office equipment 
Office equipment 
LAN hardware 
Other data communications 
Data communications hardware 
IT hardware 
Systems software 
Application software 
Software products 
Professional services 
Processing services 
Network services 
Hardware maintenance & 
support services 
Services 
Software and services 
Total IT 
Service providing equipment 
Customer premises equipment 
Data network services 
Voice network services 
Installation & maintenance 
Total telecom 
Total ICT 

1992 1993 1994 

147 136 121 
84 89 91 

101 97 101 
30 31 32 
65 83 100 

316 341 423 
106 109 118 
848 885 988 

10 10 9 
14 13 12 
72 74 79 
51 51 52 

147 148 151 
67 88 108 
30 38 36 
97 126 145 

1,092 1,159 1,284 
187 192 196 
229 221 230 
416 413 426 
529 551 582 
467 482 499 

62 65 72 

184 194 204 
1,243 1,292 1,357 
1,660 1,705 1,783 
2,752 2,864 3,067 

127 127 125 
245 257 266 
299 333 377 

1,256 1,330 1,401 
64 65 66 

1,992 2,112 2,235 
4,744 4,976 5,302 

Statistical Outlook 
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• 
1995 1996 1993/92 1994/93 1995/94 1996/95 

% % % % 

111 109 - 7.5 -10.6 - 8.6 - 1.6 
95 97 6.3 2.7 4.3 2.4 

108 114 - 3.8 4.3 7.0 5.8 
37 43 3.6 5.6 13.2 16.3 

107 112 27.4 21.0 6.1 4.8 
485 538 7.8 24.1 14.8 10.9 
124 130 3.0 8.4 4.9 4.7 

1,067 1,144 4.4 11.6 8.0 7.2 
8 8 - 4.2 -11.4 - 7.4 - 5.6 

12 12 - 2.6 - 7.3 - 3.2 - 2.3 
85 91 2.5 6.6 7.8 7.8 
55 60 - 0.3 0.6 6.4 8.8 

160 170 0.6 2.1 5.6 6.7 
123 145 30.1 23.2 14.2 17.2 
39 40 28.0 - 3.6 7.0 2.4 

163 185 29.5 15.1 12.4 13.6 
1,389 1,499 6.1 10.7 8.2 7.9 

203 204 2.6 2.2 3.3 0.4 
236 236 - 3.4 3.9 2.7 - 0.3 
439 439 - 0.7 3.1 3.0 0.0 
624 666 4.0 5.7 7.2 6.8 
518 537 3.2 3.5 3.7 3.7 

82 99 4.9 9.8 14.1 20.3 

219 236 5.1 5.3 7.5 7.4 
1,443 1,538 3.9 5.0 6.3 6.6 
1,882 1,977 2.8 4.6 5.5 5.0 
3,271 3,476 4.1 7.1 6.7 6.2 

123 122 0.0 - 2.0 - 1.1 - 1.1 
276 285 4.9 3.7 3.4 3.4 
424 476 11.4 13.1 12.5 12.5 

1,453 1,507 5.8 5.4 3.7 3.7 
67 67 1.3 1.3 1.3 1.3 

2,342 2,458 6.0 5.8 4.8 4.9 
5,614 5,933 4.9 6.5 5.9 5.7 
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Finland 1992 1993 1994 

Large 32 23 21 
Medium 40 44 44 
Small 53 67 69 
Workstations 26 22 25 
PCs - portable 33 38 48 
PCs- desktop 196 231 264 
PC printers 59 58 66 
Computer hardware 440 483 538 
Typewriters 7 6 5 
Calculators 8 8 8 
Copiers 42 42 42 
Other office equipment 30 28 28 
Office equipment 87 84 83 
LAN hardware 37 65 71 
Other data communications 27 39 41 
Data communications hardware 64 104 112 
IT hardware 591 671 733 
Systems software 97 105 114 
Application software 121 123 135 
Software products 217 228 249 
Professional services 289 295 312 
Processing services 194 197 202 
Network services 19 20 21 
Hardware maintenance & 
support services 130 126 124 
Services 631 638 660 
Software and services 849 866 909 
Total IT 1,440 1,537 1,642 
Service providing equipment 143 135 130 
Customer premises equipment 231 240 248 
Data network services 121 128 134 
Voice network services 797 853 898 
Installation & maintenance 56 57 58 
Total telecom 1,348 1,413 1,468 
Total ICT 2,789 2,950 3,110 

1995 1996 1993/92 
% 

19 19 -28.2 
46 47 8.0 
74 79 25.8 
28 30 -14.7 
56 57 13.9 

311 346 18.0 
79 83 - 1.2 

613 660 9.8 
5 4 -13.1 
7 7 - 7.1 

44 45 0.8 
30 32 - 6.6 
86 89 - 3.6 
89 105 74.0 
44 47 43.2 

133 152 61.1 
832 900 13.4 
120 124 9.0 
140 143 1.9 
260 267 5.0 
340 370 2.0 
205 209 1.9 

25 28 5.9 

124 124 - 3.1 
694 731 1.0 
954 998 2.1 

1,786 1,898 6.7 
124 118 - 5.4 
252 256 3.7 
148 161 5.6 
925 952 7.1 

58 59 1.5 
1,507 1,546 4.8 
3,293 3,444 5.8 

1994/93 1995/94 
% % 

-10.6 - 8.2 
1.4 4.2 
4.1 7.0 

13.5 10.9 
26.6 16.6 
14.4 17.7 
13.3 19.3 
11.4 14.0 

-15.4 - 5.2 
- 4.1 - 2.1 

0.6 3.6 
0.8 4.9 

- 0.9 3.0 
9.4 24.7 
5.7 7.3 
8.1 18.3 
9.3 13.4 
8.3 5.1 
9.8 3.7 
9.1 4.3 
6.0 8.9 
2.2 1.8 
7.7 14.9 

- 1.6 - 0.2 
3.4 5.2 
4.9 5.0 
6.8 8.8 

- 3.8 - 4.4 
3.2 1.6 
4.7 10.2 
5.3 3.0 
1.5 0.5 
3.9 2.7 
5.4 5.9 

1996/95 
% 

- 2.2 
2.4 
5.9 
7.4 
1.2 

11.1 
5.5 
7.6 

- 6.4 
- 1.4 

2.9 
6.5 
3.3 

18.0 
6.8 

14.3 
8.2 
3.2 
2.2 
2.7 
8.8 
1.8 

12.2 

0.0 
5.3 
4.6 
6.3 

- 4.6 
1.6 
9.2 
2.9 
0.5 
2.6 
4.6 

Table 15 
Finland 
ICTMarket Value 
(Million ECUs) 



Table 16 
France 
ICT Market Value 
(Million ECUs) 
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France 

Large 
Medium 
Small 
Workstations 
PCs - portable 
PCs - desktop 
PC printers 
Computer hardware 
Typewriters 
Calculators 
Copiers 
Other office equipment 
Office equipment 
LAN hardware 
Other data communications 
Data communications hardware 
IT hardware 
Systems software 
Application software 
Software products 
Professional services 
Processing services 
Network services 
Hardware maintenance & 
support services 
Services 
Software and services 
Total IT 
Service providing equipment 
Customer premises equipment 
Data network services 
Voice network services 
Installation & maintenance 
Total telecom 
Total ICT 

1992 1993 1994 

1,220 956 847 
870 909 916 
927 891 904 
280 308 323 
538 495 527 

2,214 2,227 2,244 
716 743 769 

6,766 6,529 6,531 
108 94 79 
111 98 92 
711 712 734 
510 470 457 

1,440 1,375 1,362 
941 1,012 1,091 
241 364 496 

1,182 1,376 1,587 
9,387 9,280 9,479 
2,007 2,113 2,281 
1,454 1,498 1,597 
3,461 3,611 3,878 
4,918 4,994 5,169 
1,525 1,575 1,608 

211 239 279 

2,752 2,652 2,578 
9,406 9,460 9,633 

12,867 13,070 13,511 
22,254 22,350 22,990 

1,389 1,278 1,253 
1,848 1,907 1,965 
2,562 3,220 3,935 

14,404 15,289 16,471 
558 568 579 

20,761 22,263 24,203 
43,015 44,613 47,194 

Statistical Outlook 
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• 
1995 1996 1993/92 1994/93 1995/94 1996/95 

% % % % 

761 752 -21.6 -11.4 -10.1 - 1.2 
950 978 4.4 0.8 3.7 2.9 
945 1,004 - 3.9 1.5 4.5 6.3 
349 382 10.0 4.7 8.2 9.3 
560 577 - 7.9 6.5 6.2 3.0 

2,323 2,423 0.6 0.8 3.5 4.3 
763 789 3.8 3.5 - 0.7 3.3 

6,651 6,905 - 3.5 0.0 1.9 3.8 
73 68 -12.8 -15.9 - 7.5 - 6.5 
90 90 -11.0 - 6.7 - 1.6 - 0.4 

774 829 0.1 3.1 5.5 7.1 
489 531 - 7.8 - 2.8 6.8 8.7 

1,426 1,519 - 4.5 - 0.9 4.7 6.5 
1,108 1,161 7.6 7.7 1.6 4.8 

608 667 51.0 36.3 22.6 9.6 
1,716 1,828 16.4 15.3 8.2 6.5 
9,794 10,251 - 1.1 2.1 3.3 4.7 
2,516 2,783 5.3 8.0 10.3 10.6 
1,757 1,941 3.0 6.6 10.0 10.5 
4,273 4,724 4.3 7.4 10.2 10.6 
5,469 5,797 1.6 3.5 5.8 6.0 
1,636 1,659 3.3 2.1 1.8 1.4 

328 386 13.3 16.7 17.6 17.8 

2,526 2,523 - 3.7 - 2.8 - 2.0 - 0.1 
9,959 10,365 0.6 1.8 3.4 4.1 

14,232 15,089 1.6 3.4 5.3 6.0 
24,025 25,340 0.4 2.9 4.5 5.5 

1,204 1,155 - 8.0 - 2.0 - 3.9 - 4.0 
1,999 2,033 3.2 3.0 1.7 1.7 
4,444 4,953 25.7 22.2 12.9 11.4 

17,954 19,437 6.1 7.7 9.0 8.3 
582 585 1.8 2.0 0.5 0.5 

26,184 28,164 7.2 8.7 8.2 7.6 
50,209 53,504 3.7 5.8 6.4 6.6 
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Germany 1992 1993 1994 

Large 2,948 2,379 2,196 
Medium 2,388 2,170 2,117 
Small 1,351 1,370 1,464 
Workstations 1,429 1,521 1,784 

PCs - portable 827 777 813 
PCs - desktop 3,760 3,791 3,784 
PC printers 1,387 1,364 1,430 

Computer hardware 14,090 13,372 13,588 
Typewriters 242 196 161 
Calculators 286 263 247 
Copiers 1,333 1,320 1,333 
Other office equipment 428 513 556 
Office equipment 2,289 2,292 2,296 
LAN hardware 487 551 611 
Other data communications 169 157 144 
Data communications hardware 656 708 755 
IT hardware 17,035 16,372 16,640 
Systems software 2,602 2,729 2,844 

Application software 5,179 5,566 6,070 
Software products 7,781 8,295 8,913 
Professional services 4,065 4,155 4,336 
Processing services 1,960 2,161 2,401 
Network services 169 207 255 
Hardware maintenance & 
support services 4,044 4,088 4,045 
Services 10,239 10,612 11,037 
Software and services 18,020 18,907 19,950 

Total IT 35,055 35,279 36,590 
Service providing equipment 5,505 4,981 4,471 
Customer premises equipment 2,081 2,168 2,208 
Data network services 5,647 6,137 6,573 
Voice network services 23,730 25,717 27,416 
Installation & maintenance 1,603 1,717 1,827 
Total telecom 38,567 40,720 42,496 
Total ICT 73,622 75,999 79,085 

1995 1996 
1993/92 

% 
2,091 2,009 -19.3 
2,145 2,211 - 9.1 
1,594 1,746 1.4 
2,178 2,720 6.5 

832 813 - 6.0 
3,951 4,198 0.8 
1,581 1,727 - 1.7 

14,373 15,424 - 5.1 
137 123 -19.0 
233 222 - 8.0 

1,353 1,366 - 1.0 
595 632 19.8 

2,318 2,343 0.1 
664 708 13.3 
132 122 - 7.4 
796 830 7.9 

17,486 18,597 - 3.9 
2,931 3,000 4.9 
6,653 7,326 7.5 
9,584 10,327 6.6 
4,518 4,745 2.2 
2,656 2,943 10.3 

316 394 22.3 

4,090 4,075 1.1 
11,580 12,158 3.6 
21,164 22,485 4.9 
38,650 41,082 0.6 

4,030 3,642 - 9.5 
2,233 2,255 4.2 
6,915 7,281 8.7 

29,294 31,234 8.4 
1,952 2,066 7.1 

44,424 46,478 5.6 
83,074 87,560 3.2 

1994/93 1995/94 
% % 

- 7.7 - 4.8 

- 2.4 1.3 
6.9 8.8 

17.3 22.1 
4.6 2.4 

- 0.2 4.4 
4.9 10.5 
1.6 5.8 

-17.9 -15.1 
- 6.2 - 5.4 

1.0 1.5 
8.2 7.1 
0.2 0.9 

10.9 8.7 

- 8.2 - 8.5 
6.7 5.4 
1.6 5.1 
4.2 3.1 
9.0 9.6 
7.5 7.5 
4.4 4.2 

11.1 10.6 
23.0 24.2 

- 1.1 1.1 
4.0 4.9 
5.5 6.1 

3.7 5.6 
-10.2 - 9.9 

1.9 1.1 
7.1 5.2 
6.6 6.9 
6.4 6.8 
4.4 4.5 
4.1 5.0 

1996/95 
% 

- 3.9 
3.1 
9.5 

24.9 
- 2.3 

6.3 
9.2 
7.3 

-10.2 
- 5.0 

1.0 
6.3 
1.1 
6.7 

- 7.9 
4.3 
6.4 
2.4 

10.1 
7.7 
5.0 

10.8 
24.7 

- 0.4 
5.0 
6.2 
6.3 

- 9.6 
1.0 
5.3 
6.6 
5.9 
4.6 
5.4 

Table 17 
Germany 
ICTMarket Value 
(Million ECUs) 



Table 18 
Greece 
ICT Market Value 
(Million ECUs) 
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Greece .: 

·. ~-

Large 
Medium 
Small 
Workstations 
PCs -portable 
PCs - desktop 
PC printers 
Computer hardware 
Typewriters 
Calculators 
Copiers 
Other office equipment 
Office equipment 
LAN hardware 
Other data communications 
Data communications hardware 
IT hardware 
Systems software 
Application software 
Software products 
Professional services 
Processing services 
Network services 
Hardware maintenance & 
support services 
Services 
Software and services 
Total IT 
Service providing equipment 
Customer premises equipment 
Data network services 
Voice network services 
Installation & maintenance 
Total telecom 
Total ICT 

1992 1993 1994 

11 2 2 
20 18 19 
28 25 28 

8 9 10 
8 9 11 

76 80 85 
26 39 45 

176 182 199 
10 10 10 
7 7 7 

44 45 45 
31 31 32 
92 93 94 
8 9 10 
7 9 10 

15 18 21 
283 293 314 

20 23 27 
33 43 52 
53 66 79 
33 44· 54 
12 16 19 

1 1 1 

21 23 25 
66 83 99 

120 149 177 
403 442 491 
138 140 140 
51 54 56 
16 23 28 

940 1,085 1,243 
18 19 20 

1,164 1,321 1,486 
1,567 1,763 1,977 

Statistical Outlook 
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• 
1993/92 1994/93 1995/94 1996/95 1995 1996 % % % % 

10 13 -78.6 -28.3 481.6 30.5 
21 23 - 9.6 6.1 8.6 11.2 
30 33 -10.2 11.6 10.4 7.8 
11 12 10.9 7.6 10.6 15.0 
13 16 17.7 18.8 22.7 25.2 
95 108 4.8 6.8 11.2 14.3 
57 68 48.4 15.2 26.4 19.4 

236 273 3.1 9.4 18.8 15.7 
10 10 0.2 1.5 0.1 0.0 
7 7 1.7 1.9 2.1 2.3 

48 51 0.9 1.0 5.7 6.3 
33 36 1.0 1.7 4.8 6.3 
99 104 0.9 1.3 4.5 5.4 
13 15 12.1 18.8 20.7 16.6 
12 15 28.6 11.1 16.3 26.2 
25 30 20.0 14.9 18.5 21.3 

359 407 3.3 7.2 14.5 13.3 
32 38 18.5 15.5 17.6 19.6 
63 77 28.2 21.0 21.5 22.5 
95 115 24.6 19.1 20.2 21.5 
67 86 30.8 22.7 25.1 28.2 
22 25 36.7 17.6 16.9 14.6 

1 1 25.0 20.0 16.7 18.0 

29 34 8.2 12.9 14.4 16.8 
119 146 24.7 19.0 20.7 22.8 
214 261 24.7 19.0 20.5 22.3 
573 668 9.6 11.2 16.7 16.6 
138 136 1.2 0.0 - 1.6 - 1.7 
58 61 5.0 3.2 5.1 4.9 
37 46 42.1 22.2 31.3 23.8 

1,445 1,647 15.4 14.5 16.3 14.0 
20 20 4.8 4.5 1.4 1.4 

1,698 1,910 13.5 12.5 14.3 12.5 
2,271 2,578 12.5 12.1 14.9 13.5 
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Ireland 1992 1993 1994 

Large 15 15 16 

Medium 30 32 33 

Small 46 48 50 

Workstations 9 10 10 

PCs - portable 16 19 22 

PCs- desktop 109 113 120 

PC printers 26 27 28 

Computer hardware 251 264 279 

Typewriters 12 12 11 
Calculators 10 9 9 
Copiers 61 62 63 

Other office equipment 42 43 43 

Office equipment 125 125 126 

LAN hardware 6 9 10 

Other data communications 8 9 9 
Data communications hardware 14 18 20 

IT hardware 390 407 425 

Systems software 50 59 68 

Application software 34 41 48 

Software products 84 100 116 

Professional services 66 72 79 

Processing services 27 29 30 
Network services 7 8 9 
Hardware maintenance & 
support services 50 52 53 
Services 150 160 172 

Software and services 234 260 288 

Total IT 624 667 713 
Service providing equipment 62 63 63 
Customer premises equipment 67 61 59 
Data network services 62 70 79 
Voice network services 941 986 1,043 

Installation & maintenance 20 20 19 
Total telecom 1,153 1,200 1,262 

Total ICT 1,777 1,867 1,975 

1995 1996 
1993/92 

% 
16 16 2.3 

34 35 5.7 

51 53 3.7 

11 12 10.0 

25 26 23.0 

127 133 3.7 

30 31 3.2 

293 305 5.2 

11 10 - 2.3 

9 9 - 1.2 

64 67 0.5 

45 47 0.7 

129 133 0.2 

12 14 41.0 

10 11 11.1 

22 25 24.7 

444 463 4.3 

78 86 19.0 

56 64 20.0 

134 150 19.4 

88 95 8.7 

31 33 6.8 

11 12 12.5 

55 56 3.4 

185 195 6.7 

319 346 11.3 

763 809 6.9 

62 60 1.4 

58 56 - 7.7 

86 93 12.3 

1,106 1,170 4.7 

18 18 - 4.2 

1,329 1,397 4.1 
2,092 2,206 5.1 

1994/93 
% 
1.6 

5.4 

3.6 

8.0 

13.6 

6.1 

3.1 

5.6 

- 4.3 
- 0.1 

2.1 

0.2 

0.7 

13.6 

10.0 

11.9 

4.3 

15.9 

16.7 

16.2 

10.7 

6.2 

22.2 

1.6 

7.5 

10.9 

6.9 

0.0 

- 4.2 

12.2 

5.8 

- 4.3 

5.2 

5.8 

1995/94 
% 

0.4 

2.6 

3.4 

8.4 

10.8 

5.8 

6.1 

5.2 

- 6.0 

0.0 

2.2 

4.5 

2.1 

12.5 

9.1 

10.9 

4.6 

13.8 

17.9 

15.4 

10.8 

3.1 

18.2 

3.2 

7.5 

10.7 

7.0 

- 2.3 

- 2.4 

9.1 

6.1 
- 3.0 

5.3 

5.9 

1996/95 
% 

1.8 

2.5 

3.3 

6.5 

6.3 

5.0 

2.9 

4.2 

- 8.0 

- 0.1 

4.1 

5.8 

3.3 

18.5 

8.3 

13.7 

4.4 

11.0 

13.6 

12.1 

7.8 

5.6 

7.7 

1.6 

5.6 

8.3 

6.0 

- 2.3 

- 2.5 

8.3 

5.7 
- 3.1 

5.1 

5.4 

Table 19 
Ireland 
ICT Market Value 
(Million ECUs) 



Table 20 
Italy 
ICT Market Value 
(Million EC Us) 
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Italy 

Large 
Medium 
Small 
Workstations 
PCs - portable 
PCs- desktop 
PC printers 
Computer hardware 
Typewriters 
Calculators 
Copiers 
Other office equipment 
Office equipment 
LAN hardware 
Other data communications 
Data communications hardware 
IT hardware 
Systems software 
Application software 
Software products 
Professional services 
Processing services 
Network services 
Hardware maintenance & 
support services 
Services 
Software and services 
Total IT 
Service providing equipment 
Customer premises equipment 
Data network services 
Voice network services 
Installation & maintenance 
Total telecom 
Total ICT 

1992 

577 
417 

797 
117 
180 

977 
432 

3,498 

58 

57 
416 
338 
869 

79 
64 

143 
4,510 
1,277 

880 
2,157 
2,672 

833 
375 

1,283 
5,163 
7,320 

11,830 

1,871 
929 
548 

10,733 
268 

14,350 
26,180 

1993 1994 

436 389 
405 380 

693 683 
121 124 
189 247 
961 943 
393 375 

3;198 3,141 
45 35 

57 52 
392 399 
245 262 
739 749 
120 167 

88 87 
208 254 

4,145 4,144 

1,299 1,314 

907 945 
2,206 2,260 
2,781 2,884 

836 844 

410 438 

1,232 1,198 
5,259 5,365 
7,465 7,624 

11,610 11,768 

1,684 1,549 
881 837 
611 687 

11,768 12,898 
246 229 

15,191 16,200 
26,801 27,967 

Statistical Outlook 

367 

• 
1995 1996 

1993/92 1994/93 1995/94 1996/95 
% % % % 

364 353 -24.4 -11.0 - 6.4 - 3.1 

354 332 - 3.0 - 6.1 - 7.0 - 6.0 

700 726 -13.1 - 1.3 2.5 3.7 

128 137 3.6 2.1 3.4 7.3 

282 302 5.0 30.4 14.2 6.9 
990 1,093 - 1.7 - 1.8 5.0 10.4 

362 365 - 9.0 - 4.5 - 3.4 0.7 

3,180 3,308 - 8.6 - 1.8 1.3 4.0 

30 26 -22.7 -20.9 -16.0 -12.2 

50 49 - 0.1 - 8.4 - 4.8 - 2.2 
412 431 - 5.9 1.8 3.3 4.7 

285 312 -27.4 6.9 8.7 9.5 
777 818 -15.0 1.4 3.7 5.3 
195 208 51.7 39.2 17.0 6.2 

90 90 38.1 - 1.8 3.5 0.6 
285 298 45.6 21.8 12.4 4.4 

4,242 4,423 - 8.1 0.0 2.4 4.3 

1,360 1,421 1.7 1.2 3.5 4.5 

1,011 1,095 3.0 4.2 7.0 8.3 

2,372 2,516 2.3 2.4 5.0 6.1 

3,044 3,253 4.1 3.7 5.5 6.8 

859 877 0.3 1.0 1.8 2.0 
474 523 9.3 7.0 8.1 10.5 

1,181 1,182 - 4.0 - 2.8 - 1.4 0.1 
5,558 5,835 1.9 2.0 3.6 5.0 
7,930 8,351 2.0 2.1 4.0 5.3 

12,172 12,774 - 1.9 1.4 3.4 4.9 

1,426 1,303 -10.0 - 8.0 - 7.9 - 8.6 

836 835 - 5.1 - 5.0 - 0.1 - 0.1 

942 1,197 11.5 12.3 37.1 27.1 

14,198 15,498 9.6 9.6 10.1 9.2 
224 220 - 8.3 - 6.9 - 2.0 - 2.0 

17,626 19,053 5.9 6.6 8.8 8.1 

29,798 31,827 2.4 4.4 6.5 6.8 
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Netherlands 1992 1993 1994 1995 

Large 225 219 209 191 
Medium 280 261 266 275 
Small 292 249 254 277 
Workstations 99 112 125 136 
PCs - portable 129 142 168 170 
PCs - desktop 694 804 866 905 
PC printers 243 249 259 256 
Computer hardware 1,962 2,036 2,147 2,210 
Typewriters 48 42 37 34 
Calculators 37 36 35 35 
Copiers 299 299 302 319 
Other office equipment 213 190 192 202 
Office equipment 597 568 566 591 
LAN hardware 103 153 190 233 
Other data communications 69 75 66 66 
Data communications hardware 172 228 255 299 
IT hardware 2,731 2,832 2,969 3,100 
Systems software 711 809 857 931 
Application software 391 459 508 574 
Software products 1,102 1,268 1,365 1,506 
Professional services 886 824 866 881 
Processing services 542 545 546 553 
Network services 62 65 68 71 
Hardware maintenance & 
support services 654 666 673 678 
Services 2,146 2,099 2,153 2,182 
Software and services 3,247 3,367 3,518 3,688 
Total IT 5,978 6,199 6,486 6,788 
Service providing equipment 917 880 845 818 
Customer premises equipment 673 702 727 746 
Data network services 376 415 487 679 
Voice network services 3,629 3,881 4,236 4,673 
Installation & maintenance 203 208 213 217 
Total telecom 5,798 6,087 6,507 7,133 
Total ICT 11,776 12,286 12,994 13,921 

1996 1993/92 1994/93 
% % 

188 - 2.7 - 4.3 
283 - 6.7 1.8 
292 -14.7 2.1 
143 12.6 11.5 
176 10.0 18.4 
944 15.8 7.8 
259 2.5 3.8 

2,284 3.8 5.5 
33 -11.6 -13.6 
35 - 3.3 - 1.2 

341 0.1 0.9 
217 -10.5 1.0 
626 - 4.8 - 0.3 
256 48.6 23.8 

65 9.0 -12.7 
321 32.7 11.8 

3,230 3.7 4.8 
1,014 13.8 5.9 

650 17.4 10.8 
1,664 15.1 7.7 

893 - 7.1 5.1 
562 0.4 0.2 

74 4.1 5.1 

685 1.8 1.0 
2,214 - 2.1 2.5 
3,879 3.7 4.5 
7,109 3.7 4.6 

791 - 4.0 - 4.0 
764 4.3 3.5 
871 10.5 17.3 

5,111 7.0 9.1 
221 2.5 2.0 

7,758 5.0 6.9 
14,867 4.3 5.8 

1995/94 
% 

- 8.6 
3.2 
8.9 
8.9 
1.1 
4.5 

- 0.9 
2.9 

- 6.1 
- 1.2 

5.6 
5.2 
4.3 

23.1 
0.4 

17.2 
4.4 
8.7 

13.1 
10.3 

1.8 
1.2 
4.1 

0.8 
1.4 
4.8 
4.7 

- 3.2 
2.6 

39.5 
10.3 
2.0 
9.6 
7.1 

1996/95 
% 

- 1.8 
3.1 
5.2 
5.0 
3.6 
4.2 
1.1 
3.3 

- 3.1 
- 0.4 

6.8 
7.2 
5.9 
9.6 

- 1.3 
7.2 
4.2 
8.9 

13.2 
10.5 

1.5 
1.6 
4.9 

1.0 
1.5 
5.2 
4.7 

- 3.3 
2.5 

28.3 
9.4 
2.0 
8.8 
6.8 

Table 21 
Netherlands 
ICT Market Value 
(Million ECUs) 



Table 22 
No!Way 
ICTMarket Value 
(Million ECUs) 
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Norway, 
' 

Large 
Medium 
Small 
Workstations 
PCs - portable 
PCs - desktop 
PC printers 
Computer hardware 
Typewriters 
Calculators 
Copiers 
Other office equipment 
Office equipment 
LAN hardware 
Other data communications 
Data communications hardware 
IT hardware 
Systems software 
Application software 
Software products 
Professional services 
Processing services 
Network services 
Hardware maintenance & 
support services 
Services 
Software and services 
Total IT 
Service providing equipment 
Customer premises equipment 
Data network services 
Voice network services 
Installation & maintenance 
Total telecom 
Total ICT 

1992 1993 1994 

51 29 26 
50 50 52 
63 97 102 
35 37 35 
61 64 82 

306 334 368 
81 84 96 

648 695 761 
9 8 8 

11 11 10 
53 54 55 
39 39 39 

112 112 112 
54 82 103 
27 35 36 
81 117 139 

841 924 1,012 
161 177 181 
185 185 198 
346 362 380 
388 431 466 
358 367 377 

48 52 56 

178 175 170 
971 1,025 1,069 

1,317 1,387 1,449 
2,159 2,312 2,460 

325 341 334 
219 236 259 
143 170 198 

1,492 1,586 1,676 
52 55 58 

2,232 2,387 2,524 
4,390 4,698 4,985 

Statistical Outlook 

369 

• 
1995 1996 1993/92 1994/93 1995/94 1996/95 

% % % % 
24 24 -42.8 -10.2 - 8.5 - 1.8 
54 56 0.0 3.1 4.3 2.5 

109 115 54.1 4.4 7.0 5.8 
36 37 4.3 - 4.7 2.4 2.4 
96 99 4.5 27.3 17.2 3.6 

401 433 9.1 10.3 8.9 8.1 
103 110 3.0 15.1 7.3 6.8 
822 874 7.2 9.4 8.1 6.2 

7 7 - 3.2 - 9.3 - 4.2 - 1.4 
10 10 - 3.2 - 3.9 - 3.1 - 2.8 
58 63 0.4 2.4 6.2 7.3 
42 45 1.0 1.0 5.2 7.8 

117 124 0.0 0.4 4.3 6.1 
118 126 50.4 25.4 15.3 6.7 
39 41 33.0 1.4 7.8 4.8 

157 167 44.7 18.1 13.4 6.3 
1,097 1,165 9.9 9.4 8.4 6.2 

191 197 9.9 2.2 5.2 3.4 
211 220 0.0 7.3 6.2 4.5 
401 417 4.6 4.8 5.7 4.0 
498 531 11.2 8.0 7.0 6.6 
383 386 2.6 2.9 1.5 0.8 

61 67 8.7 8.0 8.7 8.9 

167 169 - 1.8 - 3.0 - 1.4 1.1 
1,109 1,153 5.5 4.3 3.8 3.9 
1,511 1,570 5.3 4.4 4.3 3.9 
2,608 2,735 7.1 6.4 6.0 4.9 

328 322 5.0 - 2.0 - 1.8 - 1.8 
267 276 7.4 9.8 3.3 3.2 
234 270 18.5 16.6 18.2 15.4 

1,755 1,834 6.3 5.7 4.7 4.5 
59 60 4.9 6.3 1.5 1.4 

2,643 2,762 7.0 5.8 4.7 4.5 
5,251 5,497 7.0 6.1 5.3 4.7 
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,, 
Portugal 1992 1993 1994 

Large 56 49 47 
Medium 60 60 61 
Small 95 97 100 
Workstations 23 24 24 
PCs - portable 9 9 9 
PCs - desktop 149 147 150 
PC printers 20 21 21 
Computer hardware 412 406 413 
Typewriters 10 10 11 
Calculators 7 7 7 
Copiers 50 50 51 
Other office equipment 34 34 35 
Office equipment 101 102 104 
LAN hardware 10 11 12 
Other data communications 15 16 16 
Data communications hardware 25 27 28 
IT hardware 538 536 545 
Systems software 65 70 76 
Application software 45 50 55 
Software products 110 120 130 
Professional services 62 68 74 
Processing services 29 30 32 
Network services 2 2 2 
Hardware maintenance & 
support services 54 54 54 
Services 147 154 163 
Software and services 257 274 293 
Total IT 795 810 838 
Service providing equipment 192 189 184 
Customer premises equipment 62 70 77 
Data network services 81 114 147 
Voice network services 1,270 1,500 1,769 
Installation & maintenance 24 27 30 
Total telecom 1,629 1,901 2,208 
TotaliCT 2,424 2,711 3,046 

1993/92 1995 1996 
% 

49 51 -12.7 
63 66 0.9 

105 112 2.2 
25 26 2.5 
10 11 1.1 

161 177 - 1.7 
22 22 1.5 

436 465 - 1.5 
11 11 1.1 
8 8 4.2 

54 58 1.8 
37 39 0.6 

109 116 1.5 
12 13 11.3 
16 16 7.7 
29 29 9.2 

573 610 - 0.4 
81 89 7.6 
61 68 10.0 

142 157 8.6 
82 92 9.2 
33 34 3.9 
3 3 16.3 

55 56 0.7 
173 185 5.1 
315 342 6.6 
889 952 1.8 
181 177 - 1.8 
79 81 12.3 

174 202 41.1 
2,080 2,391 18.2 

31 32 14.3 
2,545 2,883 16.7 
3,434 3,835 11.8 

1994/93 1995/94 
% % 

- 3.9 3.3 
1.5 3.3 
3.3 5.4 
2.8 3.8 
7.6 8.3 
2.2 7.4 
1.6 2.0 
1.7 5.4 
1.5 2.4 
3.2 3.6 
1.7 4.9 
1.8 5.3 
1.8 4.7 
5.0 4.3 
1.4 1.8 
2.9 2.9 
1.8 5.1 
8.3 7.6 

10.1 10.6 
9.0 8.9 
9.2 10.8 
4.5 4.4 

19.3 22.0 

0.4 1.4 
5.3 6.6 
6.9 7.6 
3.5 6.0 

- 2.3 - 2.0 
9.8 3.0 

28.4 18.6 
17.9 17.6 
9.4 2.9 

16.1 15.3 
12.4 12.7 

1996/95 
% 

3.5 
4.4 
6.0 
4.3 
8.7 
9.9 
1.5 
6.7 
2.6 
3.8 
7.7 
7.1 
6.7 
3.2 
1.0 
2.0 
6.4 
8.8 

12.7 
10.5 
11.2 
3.8 

17.2 

1.3 
6.7 
8.4 
7.1 

- 2.0 
2.9 

15.7 
14.9 
2.8 

13.3 
11.7 

Table 23 
Portugal 
ICT Market Value 
(Million ECUs) 



Table 24 
Spain 
ICT Market Value 
(Million ECUs) 
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Spain ... 

Large 
Medium 
Small 
Workstations 
PCs- portable 
PCs - desktop 
PC printers 
Computer hardware 
Typewriters 
Calculators 
Copiers 
Other office equipment 
Office equipment 
LAN hardware 
Other data communications 
Data communications hardware 
IT hardware 
Systems software 
Application software 
Software products 
Professional services 
Processing services 
Network services 
Hardware maintenance & 
support services 
Services 
Software and services 
Total IT 
Service providing equipment 
Customer premises equipment 
Data network services 
Voice network services 
Installation & maintenance 
Total telecom 
Total ICT 

1992 1993 1994 

277 274 240 
200 207 198 
357 341 339 
67 81 97 

167 126 118 
874 726 661 
242 230 216 

2,184 1,986 1,869 
47 41 35 
40 37 36 

267 262 253 
204 180 170 
559 520 495 

50 80 111 
45 58 62 
95 137 174 

2,838 2,643 2,537 
422 396 411 
300 283 293 
722 679 704 
646 629 651 
141 146 152 
24 27 30 

548 541 535 
1,359 1,343 1,368 
2,081 2,022 2,072 
4,919 4,664 4,609 
2,261 1,922 1,691 

626 659 693 
646 689 735 

4,369 4,845 5,437 
203 210 218 

8,104 8,325 8,774 
13,023 12,989 13,383 

Statistical Outlook 

371 

• 
1995 1996 1993/92 1994/93 1995i94 1996/95 

Ofo % % % 
218 207 - 1.2 -12.5 - 9.2 - 4.9 
201 211 3.7 - 4.2 1.6 4.8 
349 357 - 4.3 - 0.7 2.9 2.3 
115 132 20.9 20.0 18.4 14.8 
112 116 -24.1 - 7.0 - 5.1 4.2 
675 715 -17.0 - 9.0 2.2 5.8 
213 212 - 5.1 - 6.0 - 1.5 - 0.6 

1,883 1,950 - 9.1 - 5.9 0.8 3.6 
29 26 -13.2 -13.5 -16.6 -10.4 
36 35 - 9.0 - 1.4 - 1.4 - 1.1 

268 289 - 2.0 - 3.3 5.9 7.6 
179 191 -11.8 - 5.6 4.9 6.8 
512 541 - 7.0 - 4.8 3.4 5.7 
132 140 58.7 39.7 18.4 6.6 
63 62 28.8 8.3 1.5 - 1.8 

195 203 44.6 26.5 12.3 3.9 
2,590 2,693 - 6.9 - 4.0 2.1 4.0 

449 518 - 6.1 3.7 9.4 15.2 
319 360 - 5.7 3.6 8.7 13.1 
768 878 - 5.9 3.6 9.1 14.3 
693 749 - 2.7 3.5 6.5 8.1 
157 163 3.9 3.8 3.6 3.7 

33 39 12.7 10.8 9.7 17.7 

533 534 - 1.4 - 1.0 - 0.5 0.3 
1,416 1,485 - 1.2 1.9 3.5 4.9 
2,184 2,363 - 2.8 2.5 5.4 8.2 
4,773 5,057 - 5.2 - 1.2 3.6 5.9 
1,529 1,367 -15.0 -12.0 - 9.6 -10.6 

711 728 5.3 5.1 2.6 2.5 
804 873 6.7 6.7 9.4 8.6 

6,261 7,084 10.9 12.2 15.1 13.1 
220 222 3.4 3.7 1.0 1.0 

9,524 10,275 2.7 5.4 8.6 7.9 
14,298 15,332 - 0.3 3.0 6.8 7.2 
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Sweden ' 1992 1993 1994 1995 

Large 99 135 122 Ill 
Medium 95 101 103 108 
Small 130 155 158 172 
Workstations 100 102 120 144 
PCs - portable 101 137 159 203 
PCs - desktop 417 466 620 686 
PC printers 154 159 173 187 
Computer hardware 1,097 1,255 1,455 1,612 
Typewriters 16 14 12 10 
Calculators 18 17 16 16 
Copiers 93 94 97 103 
Other office equipment 68 69 70 74 
Office equipment 195 194 195 204 
LAN hardware 82 134 164 195 
Other data communications 37 55 57 60 
Data communications hardware 119 189 221 255 
IT hardware 1,411 1,638 1,871 2,070 
Systems software 290 308 326 337 
Application software 321 332 357 366 
Software products 611 640 683 703 
Professional services 1,022 1,128 1,231 1,330 
Processing services 452 449 450 449 
Network services 49 55 59 66 
Hardware maintenance & 
support services 359 341 324 314 
Services 1,882 1,973 2,065 2,159 
Software and services 2,493 2,613 2,748 2,862 
Total IT 3,904 4,251 4,619 4,933 
Service providing equipment 487 447 416 385 
Customer premises equipment 626 606 588 585 
Data network services 366 395 434 493 
Voice network services 2,941 3,093 3,240 3,353 
Installation & maintenance 163 155 149 147 
Total telecom 4,583 4,697 4,827 4,964 
Total ICT 8,488 8,948 9,446 9,897 

1996 1993/92 1994/93 
% % 

109 36.9 -10.1 
110 5.6 2.3 
182 19.1 2.0 
165 2.0 17.5 
221 36.2 16.0 
753 11.7 33.0 
196 3.0 8.7 

1,737 14.4 15.9 
9 -10.3 -13.1 

16 - 4.7 - 4.2 
111 0.7 2.9 
80 1.1 1.4 

216 - 0.5 0.6 
209 64.7 22.1 

61 46.3 4.2 
270 58.9 16.9 

2,223 16.1 14.2 
342 6.1 5.9 
368 3.3 7.6 
710 4.7 6.8 

1,437 10.4 9.1 
449 - 0.6 0.1 

70 12.1 8.9 

315 - 5.0 - 4.8 
2,271 4.8 4.7 
2,981 4.8 5.2 
5,204 8.9 8.6 

354 - 8.1 - 7.1 
582 - 3.1 - 3.1 
553 7.7 10.0 

3,467 5.2 4.7 
145 - 4.7 - 3.8 

5,101 2.5 2.8 
10,306 5.4 5.6 

1995/94 
% 

- 8.6 
4.3 
9.0 

19.9 
27.5 
10.8 
8.2 

10.8 
-15.1 
- 2.2 

6.7 
6.4 
4.5 

19.2 
4.5 

15.4 
10.7 
3.3 
2.5 
2.9 
8.0 

- 0.2 
10.3 

- 3.1 
4.6 
4.2 
6.8 

- 7.4 
- 0.4 

13.7 
3.5 

- 1.5 
2.8 
4.8 

1996/95 
% 

- 1.6 
2.7 
5.9 

14.2 
8.7 
9.6 
5.1 
7.8 

-12.1 
- 2.0 

7.7 
7.9 
6.0 
7.1 
2.7 
6.1 
7.4 
1.5 
0.5 
1.0 
8.1 
0.0 
6.3 

0.3 
5.2 
4.2 
5.5 

- 8.0 
- 0.4 

12.1 
3.4 

- 1.5 
2.8 
4.1 

Table 25 
Sweden 
ICT Market Value 
(Million ECUs) 



Table 26 
Switzerland 
ICTMarket Value 
(Million ECUs) 
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:'' 

Switzerland 
~ ~'c 

Large 
Medium 
Small 
Workstations 
PCs - portable 
PCs - desktop 
PC printers 
Computer hardware 
Typewriters 
Calculators 
Copiers 
Other office equipment 
Office equipment 
LAN hardware 
Other data communications 
Data communications hardware 
IT hardware 
Systems software 
Application software 
Software products 
Professional services 
Processing services 
Network services 
Hardware maintenance & 
support services 
Services 
Software and services 
Total IT 
Service providing equipment 
Customer premises equipment 
Data network services 
Voice network services 
Installation & maintenance 
Total telecom 
Total ICT 

1992 1993 1994 

315 234 210 
152 143 139 
209 191 196 
110 120 137 
206 248 221 
722 637 681 
162 164 173 

1,875 1,737 1,755 
28 25 22 
24 23 22 
24 24 25 

116 104 107 
192 176 176 
66 84 118 
28 30 32 
94 114 150 

2,161 2,027 2,082 
531 557 612 
264 277 311 
795 834 923 
811 904 990 
295 298 302 
143 160 175 

621 630 636 
1,870 1,992 2,103 
2,665 2,826 3,026 
4,826 4,853 5,108 
1,474 1,341 1,234 

353 374 391 
354 414 496 

3,827 4,077 4,393 
102 106 109 

6,109 6,312 6,624 
10,935 11,165 11,732 

Statistical Outlook 

373 

• 
1993/92 1994/93 1995/94 1996/95 1995 1996 

Ofo 0/o % % 
192 189 -25.7 -10.4 - 8.6 - 1.6 
137 141 - 5.7 - 2.6 - 1.7 3.2 
213 226 - 8.5 2.2 9.0 5.8 
155 175 9.1 13.5 13.8 12.6 
222 191 20.4 -10.9 0.8 -14.3 
684 740 -11.8 6.9 0.6 8.2 
177 184 1.6 5.3 2.4 3.7 

1,781 1,845 - 7.4 1.0 1.5 3.6 
21 20 - 9.4 -11.9 - 5.4 - 4.1 
22 22 - 3.9 - 2.4 - 0.6 - 0.1 
26 28 0.2 3.1 5.4 6.5 

111 118 -10.5 2.5 4.6 6.2 
181 189 - 8.2 - 0.1 2.8 4.3 
146 163 26.8 41.4 23.3 11.8 
34 35 8.9 6.8 4.5 5.1 

180 198 21.5 32.2 19.3 10.5 
2,141 2,232 - 6.2 2.7 2.9 4.2 

683 763 4.9 9.8 11.5 11.8 
355 405 5.0 12.4 14.0 14.1 

1,037 1,168 4.9 10.7 12.4 12.6 
1,067 1,136 11.4 9.5 7.8 6.5 

297 300 1.2 1.2 - 1.4 1.0 
203 225 11.4 9.9 15.8 11.0 

644 656 1.4 1.0 1.1 2.0 
2,211 2,318 6.5 5.6 5.1 4.9 
3,248 3,486 6.0 7.1 7.3 7.3 
5,389 5,718 0.6 5.3 5.5 6.1 
1,136 1,038 - 9.0 - 8.0 - 7.9 - 8.6 

400 409 6.1 4.6 2.3 2.3 
668 840 17.1 19.8 34.7 25.7 

4,685 4,977 6.5 7.8 6.6 6.2 
110 112 4.2 3.2 1.0 1.0 

7,000 7,376 3.3 4.9 5.7 5.4 
12,389 13,094 2.1 5.1 5.6 5.7 
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United Kingdom 1992 1993 1994 

Large 1,026 1,005 911 
Medium 716 752 767 
Small 752 884 930 
Workstations 358 391 424 
PCs - portable 573 675 719 
PCs - desktop 2,160 2,300 2,562 
PC printers 714 755 799 
Computer hardware 6,298 6,761 7,113 
Typewriters 110 106 91 
Calculators 105 100 99 
Copiers 681 688 700 
Other office equipment 509 441 436 
Office equipment 1,405 1,334 1,326 
LAN hardware 404 592 715 
Other data communications 395 477 472 
Data communications hardware 798 1,069 1,188 
IT hardware 8,502 9,165 9,627 
Systems software 1,835 1,928 2,022 
Application software 1,743 1,848 1,962 
Software products 3,578 3,775 3,984 
Professional services 3,290 3,801 4,626 
Processing services 1,024 1,026 1,032 
Network services 361 384 438 
Hardware maintenance & 
support services 2,015 1,887 1,881 
Services 6,691 7,098 7,977 
Software and services 10,269 10,873 11,961 
Total IT 18,771 20,038 21,588 
Service providing equipment 2,670 2,300 2,070 
Customer premises equipment 1,846 1,791 1,737 
Data network services 3,220 3,457 3,828 
Voice network services 14,538 15,194 15,982 
Installation & maintenance 681 704 728 
Total telecom 22,956 23,446 24,345 
Total ICT 41,728 43,484 45,933 

1995 1996 1993/92 
% 

835 824 - 2.0 
794 816 5.1 
980 1,055 17.6 
460 489 9.3 
804 836 17.8 

2,777 3,053 6.5 
807 838 5.7 

7,458 7,911 7.4 
87 86 - 4.5 
98 98 - 4.9 

755 823 1.0 
463 499 -13.4 

1,404 1,507 - 5.1 
849 936 46.8 
480 491 20.9 

1,329 1,426 34.0 
10,190 10,844 7.8 
2,097 2,199 5.0 
2,086 2,215 6.0 
4,183 4,414 5.5 
4,967 5,329 15.5 
1,031 1,030 0.2 

497 565 6.2 

1,877 1,887 - 6.3 
8,373 8,810 6.1 

12,556 13,224 5.9 
22,746 24,068 6.7 

1,889 1,707 -13 .9 
1,723 1,710 - 3.0 
4,453 5,078 7.3 

16,815 17,648 4.5 
750 771 3.3 

25,630 26,915 2.1 
48,376 50,983 4.2 

1994/93 1995/94 
% % 

- 9.3 - 8.4 
2.0 3.4 
5.2 5.4 
8.5 8.5 
6.6 11.8 

11.4 8.4 
5.9 1.0 
5.2 4.8 

-13 .9 - 4.2 
- 0.9 - 0.5 

1.7 7.9 
- 1.0 6.2 
- 0.6 5.9 

20.8 18.6 
- 1.1 1.8 

11.1 11.9 
5.0 5.9 
4.9 3.7 
6.2 6.3 
5.5 5.0 

21.7 7.4 
0.6 - 0.1 

14.1 13.6 

- 0.3 - 0.2 
12.4 5.0 
10.0 5.0 
7.7 5.4 

-10.0 - 8.8 
- 3.0 - 0.8 

10.7 16.3 
5.2 5.2 
3.4 3.0 
3.8 5.3 
5.6 5.3 

1996/95 
% 

- 1.3 
2.8 
7.6 
6.3 
3.9 
9.9 
3.8 
6.1 

- 1.0 
0.0 
9.0 
7.7 
7.3 

10.3 
2.1 
7.3 
6.4 
4.8 
6.2 
5.5 
7.3 

- 0.1 
13.6 

0.5 
5.2 
5.3 
5.8 

- 9.6 
- 0.8 

14.0 
5.0 
2.9 
5.0 
5.4 

Table 27 
United Kingdom 
/CTMarket Value 
(Million ECUs) 



Table 28 
Czech & Slovak 
Republics 
ICTMarket Value 
(Million ECUs) 
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Czech & Slovak Republics 

Large 
Medium 
Small 
Workstations 
PCs- portable 
PCs - desktop 
PC printers 
Computer hardware 
Copiers 
Other office equipment 
Office equipment 
LAN hardware 
Data communications hardware 
IT hardware 
Systems software 
Application software 
Software products 
Professional services 
Other services 
Services 
Software and services 
Total IT 

1992 

15 
25 
36 
15 
11 

166 
80 

349 
32 
20 
53 
5 
5 

407 
36 
30 
66 
55 
58 

113 
179 
586 

1993 1994 

19 25 
27 26 
42 47 
16 18 
33 35 

187 196 
81 88 

405 435 
39 41 
24 27 
63 68 
6 7 
6 7 

474 510 
42 49 
36 42 
79 91 
70 81 
69 79 

139 159 
217 250 
691 760 

Statistical Outlook 

375 

• 
1995 1996 1993/92 1994/93 1995/94. 1996/95 

% % % % 
31 40 29.3 32.7 23.1 30.0 
28 30 6.1 - 2.9 7.4 6.8 
57 63 16.2 10.0 23.1 10.1 
21 25 6.0 12.2 17.4 18.5 
36 39 201.1 4.8 4.0 7.7 

212 231 12.3 5.1 7.9 8.9 
102 112 1.5 8.4 15.8 9.9 
487 539 16.2 7.3 12.1 10.8 

45 49 19.5 6.6 9.7 7.3 
32 34 18.2 12.8 18.8 5.3 
77 82 19.0 9.0 13.3 6.5 
8 9 20.9 11.2 15.3 15.4 
8 9 20.9 11.2 15.3 15.4 

572 631 16.6 7.6 12.3 10.3 
52 57 18.6 15.7 5.9 10.4 
44 49 18.6 15.7 5.9 10.4 
96 106 18.6 15.7 5.9 10.4 
89 96 26.4 15.4 10.5 7.8 
86 92 18.7 14.6 9.8 7.1 

176 189 22.4 15.0 10.1 7.5 
272 295 21.0 15.2 8.6 8.5 
844 926 17.9 10.0 11.1 9.7 
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Hungary 1992 1993 1994 1995 

Large 7 25 9 9 
Medium 29 19 22 22 
Small 21 22 23 21 
Workstations 6 5 7 10 
PCs - portable 6 10 14 16 
PCs - desktop 117 142 146 157 
PC printers 49 46 53 59 
Computer hardware 235 269 275 294 
Copiers 27 30 32 34 
Other office equipment 8 10 11 13 
Office equipment 36 39 44 47 
LAN hardware 5 5 5 5 
Data communications hardware 5 5 5 5 
IT hardware 276 313 323 347 
Systems software 15 22 28 33 
Application software 15 22 28 33 
Software products 29 45 55 66 
Professional services 65 74 83 94 
Other services 57 65 72 79 
Services 122 139 156 173 
Software and services 151 184 211 239 
Total IT 427 498 534 586 

1996 1993/92 
% 

11 287.0 
19 -34.0 
24 5.7 
12 -24.6 
18 60.1 

163 21.4 
64 - 5.6 

311 14.8 
35 8.4 
14 13.6 
49 9.6 

6 - 7.7 
6 - 7.7 

366 13.7 
34 52.6 
34 52.6 
69 52.6 

102 14.3 
82 14.9 

183 14.6 
252 21.9 
617 16.6 

1994/93 
% 

-63.7 
16.8 
2.3 

51.4 
36.6 
3.0 

16.3 
2.0 
9.1 

16.0 
10.8 

1.6 
1.6 
3.1 

24.1 
24.1 
24.1 
12.5 
10.6 
11.6 
14.6 
7.4 

1995/94 
% 

0.8 
- 1.0 
- 9.8 

48.9 
15.3 
7.5 

10.2 
7.1 
4.8 

17.2 
8.0 

10.2 
10.2 
7.3 

19.4 
19.4 
19.4 
13.4 
8.5 

11.1 
13.3 
9.7 

1996/95 
% 
16.7 

-14.6 
17.6 
10.7 
14.5 
3.9 
8.4 
5.6 
2.3 
8.8 
4.1 
6.6 
6.6 
5.4 
3.5 
3.5 
3.5 
7.8 
3.9 
6.0 
5.3 
5.4 

Table 29 
Hungary 
ICT Market Value 
(Million ECUs) 
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Poland 
ICTMarket Value 
(Million ECUs) 
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Poland 
•<, ,. 

Large 
Medium 
Small 
Workstations 
PCs - portable 
PCs - desktop 
PC printers 
Computer hardware 
Copiers 
Other office equipment 
Office equipment 
LAN hardware 
Data communications hardware 
IT hardware 
Systems software 
Application software 
Software products 
Professional services 
Other services 
Services 
Software and services 
Total IT 

1992 

2 
16 
21 
6 
9 

157 
69 

280 
56 
42 
98 
13 
13 

391 
20 
15 
35 
58 
50 

108 
142 
534 

1993 1994 

4 7 
17 16 
22 22 
9 13 

10 27 
210 216 

80 85 
352 387 

62 67 
44 48 

106 115 
15 17 
15 17 

473 519 
30 42 
23 32 
52 74 
66 75 
60 65 

126 141 
179 215 
652 734 

Statistical Outlook 
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• 
1995 1996 1993/92 1994/93 1995/94 1996/95 

% % % ' % 

11 17 93.3 58.6 57.6 54.5 
17 17 7.2 - 4.5 7.1 - 1.8 
22 23 4.4 3.2 - 2.4 7.0 
17 25 53.0 47.4 28.7 45.5 
32 32 12.3 162.5 19.0 2.3 

228 261 34.3 2.7 5.8 14.2 
94 106 15.1 6.5 10.2 13.0 

421 482 25.9 9.7 9.0 14.3 
74 59 10.0 8.9 9.8 -20.6 
53 42 5.2 8.6 10.0 -19.8 

127 101 8.0 8.8 9.9 -20.3 
19 22 14.4 13.4 12.9 15.4 
19 22 14.4 13.4 12.9 15.4 

567 605 21.0 9.6 9.4 6.6 
48 53 51.1 41.2 14.6 9.1 
36 40 51.1 41.2 14.6 9.1 
85 92 51.1 41.2 14.6 9.1 
86 92 14.7 14.0 14.3 7.1 
72 81 20.0 9.0 9.4 12.9 

158 173 17.1 11.6 12.0 9.8 
243 266 25.4 20.3 12.9 9.5 
810 871 22.2 12.5 10.4 7.5 
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Former Soviet Union 1992 1993 1994 1995 

Large 6 24 29 42 
Medium 10 13 31 39 
Small 10 18 26 43 
Workstations 6 22 30 40 
PCs - portable 4 28 35 49 
PCs - desktop 195 308 424 521 
PC printers 57 92 129 177 
Computer hardware 289 505 704 911 
Copiers 50 66 75 87 
Other office equipment 23 35 45 58 
Office equipment 73 101 120 144 
LAN hardware 8 19 24 36 
Data communications hardware 8 19 24 36 
IT hardware 370 625 848 1,091 
Systems software 35 51 . 65 74 
Application software 81 119 151 172 
Software products 116 169 216 246 
Professional services 154 177 216 262 
Other services 262 270 285 335 
Services 416 447 501 597 
Software and services 531 616 716 843 
Total IT 901 1,241 1,564 1,934 

1996 1993/92 1994/93 
% % 

55 284.1 20.6 
50 31.3 137.5 
69 76.9 47.8 
60 253.7 34.5 
64 566.7 . 25.0 

576 58.0 37.5 
188 62.2 40.0 

1,062 75.2 39.3 
89 32.3 14.0 
66 50.0 28.9 

155 37.9 19.1 
39 132.1 28.2 
39 132.1 28.2 

1,256 69.0 35.7 
85 46.7 27.3 

199 46.7 27.3 
285 46.7 27.3 
300 15.0 21.7 
370 2.9 5.7 
670 7.4 12.1 
955 15.9 16.3 

2,211 37.7 26.0 

1995/94 
% 

44.7 
26.3 
64.7 
33.3 
40.0 
23.0 
36.9 
29.4 
14.8 
29.3 
20.2 
47.6 
47.6 
28.6 
14.3 
14.3 
14.3 
21.4 
17.6 
19.2 
17.7 
23.7 

1996/95 
% 

30.9 
29.2 
58.9 
49.8 
31.4 
10.6 
6.1 

16.6 
2.2 

14.7 
7.2 

10.6 
10.6 
15.1 
15.6 
15.6 
15.6 
14.7 
10.3 
12.3 
13.2 
14.3 

Table 31 
Former Soviet Union 
ICT Market Value 
(Million ECUs) 



Table 32 
EU 
ICTMarket Value 
(Million ECUs) 

Part Three · EITO 95 

BU. 
,-

Large 
Medium 
Small 
Workstations 
PCs - portable 
PCs - desktop 
PC printers 
Computer hardware 
Typewriters 
Calculators 
Copiers 
Other office equipment 
Office equipment 
LAN hardware 
Other data communications 
Data communications hardware 
IT hardware 
Systerris software 
Application software 
Software products 
Professional services 
Processing services 
Network services 
Hardware maintenance & 
support services 
Services 
Software and services 
Total IT 
Service providing equipment 
Customer premises equipment 
Data network services 
Voice network services 
Installation & maintenance 
Total telecom 
Total ICT 

1992 1993 . ~994 

6,735 5,700 5,181 
5,205 5,044 4,994 
4,900 4,852 5,012 
2,471 2,666 3,020 
2,598 2,624 2,845 

11,700 11,879 12,288 
4,065 4,087 4,229 

37,674 36,852 37,570 
676 583 495 
690 644 614 

4,057 4,023 4,077 
2,443 2,280 2,317 
7,866 7,530 7,502 
2,202 2,693 3,105 
1,073 1,324 1,433 
3,275 4,017 4,537 

48,815 48,399 49,610 
9,555 10,010 10,507 

10,527 11,163 12,021 
20,082 21,174 22,528 
17,896 18,669 20,109 
6,852 7,147 7,473 
1,318 1,455 1,644 

11,998 11,783 11,643 
38,065 39,055 40,869 
58,146 60,229 63,397 

106,961 108,628 113,006 
15,514 13,926 12,738 
8,693 8,821 8,904 

13,725 15,376 17,239 
78,051 83,969 90,436 
3,724 3,865 4,009 

119,707 125,957 133,326 
226,668 234,584 246,333 

Statistical Outlook 
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• 
1995 1996 

1993/92 1994/93 1995/94 1996/95 
% ' ' % % Ofo 

4,832 4,703 -15.4 - 9.1 - 6.8 - 2.7 
5,083 5,208 - 3.1 - 1.0 1.8 2.5 
5,311 5,676 - 1.0 3.3 6.0 6.9 
3,524 4,175 7.9 13.3 16.7 18.5 
3,027 3,096 1.0 8.4 6.4 2.3 

12,981 13,892 1.5 3.4 5.6 7.0 
4,390 4,622 0.5 3.5 3.8 5.3 

39,148 41,371 - 2.2 1.9 4.2 5.7 
444 415 -13.8 -15.2 -10.1 - 6.6 
596 582 - 6.6 - 4.6 - 3.0 - 2.3 

4,253 4,472 - 0.8 1.3 4.3 5.1 
2,470 2,661 - 6.7 1.6 6.6 7.7 
7,764 8,130 - 4.3 - 0.4 3.5 4.7 
3,437 3,698 22.3 15.3 10.7 7.6 
1,551 1,613 23.3 8.2 8.2 4.0 

. 4,988 5,311 22.6 13.0 9.9 6.5 
51,900 54,812 - 0.9 2.5 4.6 5.6 
11,115 11,812 4.8 5.0 5.8 6.3 
13,095 14,327 6.0 7.7 8.9 9.4 
24,209 26,139 5.4 6.4 7.5 8.0 
21,266 22,579 4.3 7.7 5.8 6.2 
7,813 8,183 4.3 4.6 4.5 4.7 
1,874 2,165 10.4 12.9 14.0 15.5 

11,641 11 ,667 - 1.8 - 1.2 0.0 0.2 
42,594 44,593 2.6 4.6 4.2 4.7 
66,804 70,733 3.6 5.3 5.4 5.9 

118,704 125,544 1.6 4.0 5.0 5.8 
11,731 10,777 -10.2 - 8.5 - 7.9 - 8.1 
9,003 9,101 1.5 0.9 1.1 1.1 

19,471 21,733 12.0 12.1 13.0 11.6 
98,025 105,678 7.6 7.7 8.4 7.8 
4,163 4,307 3.8 3.7 3.8 3.5 

142,394 151,595 5.2 5.9 6.8 6.5 
261,098 277,140 3.5 5.0 6.0 6.1 



European lnj01mation Technology Observatory · EITO 95 

380 

,. 

EFfA b 1992 1993 1994 ' 
''· 

Large 628 559 501 
Medium 463 462 464 
Small 579 684 702 
Workstations 326 344 390 
PCs - portable 460 566 600 
PCs - desktop 1,887 1,947 2,225 
PC printers 565 576 626 
Computer hardware 4,907 5,139 5,509 
Typewriters 73 65 56 
Calculators 75 72 69 
Copiers 282 281 286 
Other office equipment 304 288 292 
Office equipment 734 706 704 
LAN hardware 265 408 514 
Other data communications 143 181 192 
Data communications hardware 408 590 707 
IT hardware 6,048 6,434 6,919 
Systems software 1,327 1,420 1,542 
Application software 1,080 1,128 1,246 
Software products 2,407 2,548 2,788 
Professional services 2,917 3,186 3,454 
Processing services 1,470 1,486 1,506 
Network services 284 313 343 
Hardware maintenance & 
support services 1,588 1,574 .1,560 
Services 6,259 6,559 6,863 
Software and services 8,666 9,107 9,651 
Total IT 14,715 15,541 16,570 
Service providing equipment 2,845 2,672 2,514 
Customer premises equipment 1,612 1,647 1,681 
Data network services 1,328 1,509 1,725 
Voice network services 11,023 11,703 12,445 
Installation & maintenance 421 421 423 
Total telecom 17,229 17,952 18,788 
Total ICT 31,943 33,493 35,358 

1993/92 
1995 1996 

% 

459 450 -10.9 
475 488 - 0.2 
762 807 18.2 
446 497 5.5 
672 660 23.2 

2,374 2,575 3.2 
663 693 1.9 

5,852 6,171 4.7 
51 48 -11.2 

68 67 - 4.2 
300 316 - 0.3 
308 330 - 5.3 
727 761 - 3.8 
622 686 54.3 
202 211 27.0 
824 897 44.7 

7,403 7,829 6.4 
1,682 1,831 7.0 
1,359 1,472 4.5 
3,041 3,303 5.9 
3,723 3,994 9.2 
1,513 1,523 1.1 

388 425 10.5 

1,557 1,577 - 0.9 
7,181 7,520 4.8 

10,222 10,823 5.1 
17,625 18,652 5.6 
2,366 2,217 - 6.1 
1,706 1,731 2.1 
2,070 2,416 13.6 

13,116 13,786 6.2 
424 424 0.0 

19,682 20,573 4.2 
37,307 39,225 4.9 

1994/93 1995/94 
% % 

-10.4 - 8.5 
0.5 2.4 
2.7 8.5 

13.3 14.5 
5.9 12.1 

14.3 6.7 
8.7 6.0 
7.2 6.2 

-13.3 - 9.1 
- 3.2 - 1.6 

1.6 5.0 
1.5 5.4 

- 0.3 3.4 
26.0 20.9 

5.9 4.9 
19.8 16.6 
7.5 7.0 
8.6 9.1 

10.4 9.0 
9.4 9.1 
8.4 7.8 
1.3 0.5 
9.4 13.2 

- 0.9 - 0.2 
4.6 4.6 
6.0 5.9 
6.6 6.4 

- 5.9 - 5.9 
2.1 1.5 

14.3 20.0 
6.3 5.4 
0.4 0.2 
4.7 4.8 
5.6 5.5 

1996/95 
% 

- 1.8 
2.8 
5.8 

11.4 

- 1.8 
8.5 
4.5 
5.4 

- 6.7 

- 1.3 
5.5 
7.2 

4.7 
10.2 
4.7 
8.9 
5.8 
8.8 
8.3 
8.6 
7.3 
0.7 
9.6 

1.3 
4.7 
5.9 
5.8 

- 6.3 
1.5 

16.7 
5.1 
0.0 
4.5 
5.1 

Table 33 
EFTA 
ICTMarket Value 
(Million ECUs) 



Table 34 
EU&EFFA 
/CTMarket Value 
(Million ECUs) 
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~ "' 
EU&EFTA 

" 
Large 
Medium 
Small 
Workstations 
PCs - portable 
PCs - desktop 
PC printers 
Computer hardware 
Typewriters 
Calculators 
Copiers 
Other office equipment 
Office equipment 
LAN hardware 
Other data communications 
Data communications hardware 
IT hardware 
Systems software 
Application software 
Software products 
Professional services 
Processing services 
Network services 
Hardware maintenance & 
support services 
Services 
Software and services 
Total IT 
Service providing equipment 
Customer premises equipment 
Data network services 
Voice network services 
Installation & maintenance 
Total telecom 
Total ICT 

1992 1993 1994 

7,363 6,260 5,683 
5,667 5,506 5,458 
5,479 5,536 5,715 
2,797 3,010 3,409 
3,058 3,190 3,445 

13,587 13,826 14,514 
4,631 4,662 4,855 

42,581 41,991 43,078 
749 648 551 
764 716 684 

4,339 4,304 4,362 
2,747 2,568 2,609 
8,600 8,236 8,206 
2,466 3,101 3,619 
1,216 1,505 1,625 
3,682 4,606 5,244 

54,863 54,833 56,528 
10,882 11,430 12,048 
11,607 12,292 13,267 
22,489 23,722 25,316 
20,814 21,855 23,564 

8,322 8,633 8,979 
1,602 1,769 1,987 

13,586 13,357 13,203 
44,324 45,614 47,732 
66,813 69,336 73,048 

121,676 124,169 129,576 
18,359 16,598 15,253 
10,306 10,468 10,585 
15,053 16,885 18,964 
89,073 95,673 102,881 

4,145 4,286 4,432 
136,936 143,909 152,114 
258,611 268,077 281,690 

Statistical Outlook 
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• 
1993/92 1994/93 1995/94 1996/95 1995 1996 % % % % 

5,290 5,153 -15.0 - 9.2 - 6.9 - 2.6 
5,558 5,696 - 2.8 - 0.9 1.8 2.5 
6,074 6,483 1.0 3.2 6.3 6.7 
3,970 4,672 7.6 13.3 16.4 17.7 
3,700 3,756 4.3 8.0 7.4 1.5 

15,355 16,466 1.8 5.0 5.8 7.2 
5,054 5,315 0.7 4.1 4.1 5.2 

45,001 47,543 - 1.4 2.6 4.5 5.6 
496 463 -13.6 -15.0 -10.0 - 6.7 
664 650 - 6.3 - 4.5 - 2.8 - 2.2 

4,553 4,788 - 0.8 1.4 4.4 5.2 
2,778 2,991 - 6.5 1.6 6.5 7.6 
8,491 8,891 - 4.2 - 0.4 3.5 4.7 
4,059 4,384 25.7 16.7 12.2 8.0 
1,752 1,824 23.8 7.9 7.8 4.1 
5,811 6,207 25.1 13.8 10.8 6.8 

59,303 62,641 - 0.1 3.1 4.9 5.6 
12,797 13,643 5.0 5.4 6.2 6.6 
14,454 15,799 5.9 7.9 8.9 9.3 
27,250 29,442 5.5 6.7 7.6 8.0 
24,989 26,573 5.0 7.8 6.0 6.3 
9,326 9,706 3.7 4.0 3.9 4.1 
2,262 2,590 10.4 12.3 13.9 14.5 

13,198 13,244 - 1.7 - 1.2 0.0 0.3 
49,775 52,113 2.9 4.6 4.3 4.7 
77,025 81,555 3.8 5.4 5.4 5.9 

136,328 144,196 2.0 4.4 5.2 5.8 
14,097 12,994 - 9.6 - 8.1 - 7.6 - 7.8 
10,709 10,831 1.6 1.1 1.2 1.1 
21,542 24,149 12.2 12.3 13.6 12.1 

111,141 119,464 7.4 7.5 8.0 7.5 
4,587 4,730 3.4 3.4 3.5 3.1 

162,076 172,169 5.1 5.7 6.5 6.2 
298,404 316,365 3.7 5.1 5.9 6.0 
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Eastern Europe 1992 1993 1994 1995 

Large 30 73 71 94 
Medium 80 76 95 106 

Small 88 104 118 143 
Workstations 33 52 68 88 
PCs - portable 31 81 110 132 
PCs - desktop 635 847 982 1,119 

PC printers 255 299 356 432 

Computer hardware 1,152 1,532 1,800 2,114 

Copiers 166 196 216 239 

Other office equipment 94 112 131 156 

Office equipment 260 309 347 395 

LAN hardware 32 45 53 68 

Data communications hardware 32 45 53 68 
IT hardware 1,443 1,886 2,200 2,577 
Systems software 105 145 184 207 
Application software 141 200 252 286 

Software products 246 345 436 494 
Professional services 332 387 455 532 
Other services 427 464 501 571 
Services 758 851 956 1,103 

Software and services 1,004 1,196 1,392 1,597 

Total IT 2,447 3,082 3,592 4,174 

Total Telecom 5,158 5,558 6,008 6,541 

Total ICT 7,605 8,640 9,600 10,751 

1996 
1993/92 1994/93 

% % 

124 144.9 - 3.2 
116 - 5.1 25.6 
179 17.8 13.4 
121 55.7 31.4 
153 165.7 35.4 

1,231 33.4 15.9 
470 17.4 18.8 

2,394 33.0 17.5 
230 18.3 10.2 
157 19.8 16.4 
387 18.9 12.5 

77 41.7 18.0 

77 41.7 18.0 
2,857 30.7 16.7 

230 38.8 26.3 
322 41.7 26.4 
552 40.4 26.3 

591 16.7 17.5 
624 8.7 8.1 

1,215 12.2 12.4 
1,767 19.1 16.4 
4,625 25.9 16.6 
7,164 7.8 8.1 

11,789 13.6 11.1 

1995/94 
% 

32.6 
11.5 
21.1 
29.9 
20.4 
13.9 
21.3 
17.4 

10.8 
19.0 
13.9 
28.7 
28.7 
17.2 
12.9 
13.5 
13.3 
16.8 
14.0 
15.3 
14.7 
16.2 
8.9 

11.6 

1996/95 
% 

32.0 
9.1 

25.4 
37.0 
15.9 
10.0 
8.8 

13.2 
- 3.8 

0.6 
- 2.1 

12.2 
12.2 
10.9 
10.9 
12.6 
11.9 
11.1 
9.3 

10.2 
10.7 
10.8 

9.5 
10.0 

Table 35 
Eastern Europe 
ICTMarket Value 
(Million ECUs) 



Table 36 
Austria 
IT Hardware 
Shipments (Units) 

Table 37 
Belgium/Luxembourg 
IT Hardware 
Shipments (Units) 

Table 38 
Denmark 
IT Hardware 
Shipments (Units) 
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Austria 

Large 
Medium 
Small 
Workstations 
PCs - portable 
PCs - desktop 
PC printers 
Typewriters 
Calculators 
Copiers 
PC NICs 

Belgium/ " 

Luxembourg 
Large 
Medium 
Small 
Workstations 
PCs - portable 
PCs - desktop 
PC printers 
Typewriters 
Calculators 
Copiers 
PC NICs 

Denmark 

Large 
Medium 
Small 
Workstations 
PCs - portable 
PCs - desktop 
PC printers 
Typewriters 
Calculators 
Copiers 
PC NICs 

1992 

23 
389 

3,228 
3,541 

24,379 
156,678 
190,486 
37,238 

417,439 
25,263 
44,000 

1992 

36 
317 

4,509 
3,272 

43,831 
208,851 
286,353 
56,022 

528,130 
45,030 
94,000 

1992 

37 
272 

2,413 
1,987 

32,433 
190,154 
189,034 
28,239 

428,821 
28,215 

144,000 

1993 1994 

21 17 
287 300 

3,800 4,300 
4,482 5,244 

35,766 45,780 
171,543 182,792 
217,546 262,344 
30,156 24,745 

418,005 418,666 
25,018 25,263 
83,000 147,000 

1993 1994 

41 32 
233 280 

3,500 3,600 
4,072 4,601 

54,633 59,004 
227,874 251,760 
324,363 395,650 
47,395 43,129 

537,636 569,895 
46,967 48,705 

141,000 173,000 

1993 1994 

28 25 
273 290 

2,100 2,400 
2,255 2,435 

40,551 50,689 
235,484 265,837 
221,418 286,837 
27,392 24,653 

442,543 437,233 
29,344 31,462 

186,000 224,000 

Statistical Outlook 
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• 
1995 1996 1993/92 1994/93 1995/94 1996/95 

% % % % 

16 14 - 8.7 -19.0 - 5.9 -12.5 
330 330 -26.2 4.5 10.0 0.0 

4,800 5,300 17.7 13.2 11.6 10.4 
6,031 6,634 26.6 17.0 15.0 10.0 

55,394 63,704 46.7 28.0 21.0 15.0 
194,850 209,562 9.5 6.6 6.6 7.6 
299,735 344,384 14.2 20.6 14.3 14.9 
21,006 18,857 -19.0 -17.9 -15.1 -10.2 

422,630 427,254 0.1 0.2 0.9 1.1 
25,646 25,901 - 1.0 1.0 1.5 1.0 

177,000 185,000 88.6 77.1 20.4 4.5 

1993/92 1994/93 1995/94 1996/95 1995 1996 % % % % 

29 26 13.9 -22.0 - 9.4 -10.3 
310 290 -26.5 20.2 10.7 - 6.5 

3,900 4,300 -22.4 2.9 8.3 10.3 
5,154 5,617 24.5 13.0 12.0 9.0 

64,904 71,394 24.6 8.0 10.0 10.0 
271,789 286,799 9.1 10.5 8.0 5.5 
484,462 582,375 13.3 22.0 22.4 20.2 
40,714 37,742 -15.4 - 9.0 - 5.6 - 7.3 

605,228 627,622 1.8 6.0 6.2 3.7 
50,068 51,470 4.3 3.7 2.8 2.8 

185,000 185,000 50.0 22.7 6.9 0.0 

1995 1996 1993/92 1994/93 1995/94 1996/95 
% % % % 

24 23 -24.3 -10.7 - 4.0 - 4.2 
320 310 0.4 6.2 10.3 - 3.1 

2,600 2,800 -13.0 14.3 8.3 7.7 
2,776 3,276 13.5 8.0 14.0 18.0 

63,361 76,033 25.0 25.0 25.0 20.0 
295,505 319,911 23.8 12.9 11.2 8.3 
340,941 365,296 17.1 29.5 18.9 7.1 
23,174 22,061 - 3.0 -10.0 - 6.0 - 4.8 

442,042 444,253 3.2 - 1.2 1.1 0.5 
34,355 37,344 4.0 7.2 9.2 8.7 

221,000 268,000 29.2 20.4 - 1.3 21.3 
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Finland 1992 1993 1994 1995 

Large 12 9 10 11 
Medium 109 95 110 110 
Small 1,984 1,700 1,900 2,100 
Workstations 1,874 2,042 2,307 2,584 
PCs - portable 18,739 19,804 25,349 35,235 
PCs - desktop 125,547 135,686 156,487 190,595 
PC printers 100,621 110,037 139,784 188,848 
Typewriters 21,460 18,713 15,869 15,075 
Calculators 314,085 317,226 320,398 323,602 
Copiers 31,969 32,313 32,608 33,586 
PC NICs 87,000 135,000 130,000 157,000 

France 1992 1993 1994 1995 

Large 146 125 110 110 
Medium 1,787 1,362 1,630 1,820 
Small 24,445 19,200 21,100 23,000 
Workstations 17,650 21,365 22,433 24,452 
PCs- portable 205,688 239,886 285,944 354,571 
PCs - desktop 1,196,530 1,291,391 1,428,956 1,562,437 
PC printers 1,303,264 1,467,645 1,712,689 1,966,807 
Typewriters 279,142 252,902 212,691 195,676 
Calculators 3,213,415 3,081,665 3,312,789 3,528,121 
Copiers 259,409 260,706 265,920 273,897 
PC NICs 500,000 710,000 1,214,000 1,418,000 

Germany 1992 1993 1994 1995 

Large 324 230 200 210 
Medium 3,246 3,012 3,190 3,400 
Small 32,637 26,600 30,200 33,700 
Workstations 32,741 40,096 42,101 45,890 
PCs -portable 343,985 377,160 432,980 498,360 
PCs - desktop 2,363,983 2,368,604 2,643,373 3,068,579 
PC printers 2,440,407 2,717,867 3,293,291 4,002,582 
Typewriters 1,179,664 874,991 666,289 548,365 
Calculators 10,266,560 9,592,627 8,888,342 8,474,749 
Copiers 602,149 556,862 536,706 536,248 
PC NICs 706,000 1,193,000 1,361,000 1,698,000 

1996 1993/92 1994/93 
% % 

11 -25.0 11.1 
120 -12.8 15.8 

2,200 -14.3 11.8 
2,765 9.0 13.0 

40,521 5.7 28.0 
211,449 8.1 15.3 
221,884 9.4 27.0 

14,126 -12.8 -15.2 
321,014 1.0 1.0 
34,090 1.1 0.9 

193,000 55.2 - 3.7 

1996 1993/92 1994/93 
% % 

105 -14.4 -12.0 
1,900 -23.8 19.7 

25,400 -21.5 9.9 
26,897 21.1 5.0 

411,657 16.6 19.2 
1,670,518 7.9 10.7 
2,308,077 12.6 16.7 

180,413 - 9.4 -15.9 
3,669,246 - 4.1 7.5 

282,662 0.5 2.0 
1,425,000 42.0 71.0 

1996 1993/92 1994/93 
% % 

220 -29.0 -13.0 
3,580 - 7.2 5.9 

37,000 -18.5 13.5 
50,479 22.5 5.0 

582,582 9.6 14.8 
3,562,929 0.2 11.6 
4,781,533 11.4 21.2 

480,766 -25.8 -23.9 
8,160,695 - 6.6 - 7.3 

535,146 - 7.5 - 3.6 
2,012,000 69.0 14.1 

1995/94 
% 

10.0 
0.0 

10.5 
12.0 
39.0 
21.8 
35.1 

- 5.0 
1.0 
3.0 

20.8 

1995/94 
% 
0.0 

11.7 
9.0 
9.0 

24.0 
9.3 

14.8 
- 8.0 

6.5 
3.0 

16.8 

1995/94 
% 

5.0 
6.6 

11.6 
9.0 

15.1 
16.1 
21.5 

-17.7 
- 4.7 
- 0.1 

24.8 

1996/95 
% 
0.0 
9.1 
4.8 
7.0 

15.0 
10.9 
17.5 

- 6.3 
- 0.8 

1.5 
22.9 

1996/95 
% 

- 4.5 
4.4 

10.4 
10.0 
16.1 
6.9 

17.4 
- 7.8 

4.0 
3.2 
0.5 

1996/95 
% 
4.8 
5.3 
9.8 

10.0 
16.9 
16.1 
19.5 

-12.3 
- 3.7 
- 0.2 

18.5 

Table 39 
Finland 
IT Hardware 
Shipments (Units) 

Table 40 
France 
IT Hardware 
Shipments (Units) 

Table 41 
Germany 
IT Hardware 
Shipments (Units) 



Table 42 
Greece 
IT Hardware 
Shipments (Units) 

Table 43 
Ireland 
IT Hardware 
Shipments (Units) 

Table 44 
Italy 
IT Hardware 
Shipments (Units) 
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Greece 1992 

Large 3 
Medium 61 
Small 852 
Workstations 414 
PCs - portable 5,796 
PCs- desktop 53,707 
PC printers 10,976 
Typewriters 117,076 
Calculators 81,205 
Copiers 23,415 
PC NICs 56,146 

Ireland 1992 

Large 7 
Medium 201 
Small 2,963 
Workstations 2,256 
PCs - portable 5,571 
PCs - desktop 53,773 
PC printers 26,926 
Typewriters 46,156 
Calculators 405,014 
Copiers 31,523 
PC NICs 17,738 

Italy 1992 

Large 92 
Medium 1,250 
Small 20,720 
Workstations 8,223 
PCs - portable 142,010 
PCs - desktop 764,510 
PC printers 823,931 
Typewriters 224,330 
Calculators 2,312,000 
Copiers 184,120 
PC NICs 202,000 

1993 1994 

3 3 
62 76 

926 1,109 
626 682 

7,315 9,404 
63,819 71,810 
16,789 23,108 

129,410 153,399 
92,809 114,506 
21,265 18,603 
56,761 57,579 

1993 1994 

6 6 
192 208 

2,962 3,140 
2,481 2,781 
7,113 7,743 

50,909 49,541 
32,726 36,829 
45,730 40,738 

411,936 425,515 
31,426 30,242 
21,630 23,005 

1993 1994 

83 80 
853 980 

15,900 17,000 
9,749 9,944 

162,735 184,704 
753,150 775,825 
832,352 881,875 
167,400 142,600 

2,187,000 2,036,000 
173,793 162,626 
271,000 518,000 

Statistical Outlook 
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• 
1995 1996 1993/92 1994/93 1995/94 1996/95 

% % % % 
4 4 0.0 0.0 33.3 10.5 

97 114 1.6 22.6 27.6 17.8 
1,341 1,580 8.7 19.8 20.9 17.8 

771 894 51.1 8.9 13.0 16.0 
10,633 13,579 26.2 28.6 13.1 27.7 
82,192 96,000 18.8 12.5 14.5 16.8 
32,543 38,987 53.0 37.6 40.8 19.8 

166,160 183,108 10.5 18.5 8.3 10.2 
125,996 138,292 14.3 23.4 10.0 9.8 
16,242 15,219 - 9.2 -12.5 -12.7 - 6.3 
58,969 60,393 1.1 1.4 2.4 2.4 

1995 1996 1993/92 1994/93 1995/94 1996/95 
% % % % 

7 7 -14.3 0.0 16.7 4.8 
241 279 - 4.5 8.3 15.9 15.9 

3,394 3,669 0.0 6.0 8.1 8.1 
3,095 4,191 10.0 12.1 11.3 35.4 
8,485 9,333 27.7 8.8 9.6 10.0 

50,909 55,440 - 5.3 - 2.7 2.8 8.9 
41,974 48,270 21.5 12.5 14.0 15.0 
32,620 27,988 - 0.9 -10.9 -19.9 -14.2 

450,395 467,060 1.7 3.3 5.8 3.7 
29,202 29,348 - 0.3 - 3.8 - 3.4 0.5 
23,931 25,845 21.9 6.4 4.0 8.0 

1995 1996 
1993/92 1994/93 1995/94 1996/95 

% % % % 
81 82 - 9.8 - 3.6 1.3 1.2 

1,030 1,110 -31.8 14.9 5.1 7.8 
18,600 20,900 -23.3 6.9 9.4 12.4 
10,342 11,169 18.6 2.0 4.0 8.0 

208,716 233,762 14.6 13.5 13.0 12.0 
835,082 913,008 - 1.5 3.0 7.6 9.3 
981,340 1,125,190 1.0 5.9 11.3 14.7 
121,474 103,478 -25.4 -14.8 -14.8 -14.8 

1,918,000 1,824,000 - 5.4 - 6.9 - 5.8 - 4.9 
158,654 156,909 - 5.6 - 6.4 - 2.4 - 1.1 
558,000 561,000 34.2 91.1 7.7 0.5 
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Netherlands 1992 1993 1994 1995 

Large 46 37 35 35 
Medium 594 529 640 760 
Small 7,553 5,900 6,300 6,800 
Workstations 7,184 8,875 9,940 10,934 
PCs - portable 58,537 75,691 87,802 103,606 
PCs - desktop 462,755 509,516 573,482 630,283 
PC printers 443,462 492,908 582,585 666,232 
Typewriters 127,431 115,006 96,950 92,006 
Calculators 1,149,593 1,161,089 1,172,700 1,184,427 
Copiers 106,250 111,031 115,250 117,555 
PC NICs 190,000 301,000 419,000 489,000 

Norway 1992 1993 1994 1995 

Large 10 12 12 13 
Medium 204 112 140 160 
Small 2,213 2,200 2,300 2,700 
Workstations 2,581 2,954 2,836 2,864 
PCs - portable 32,653 35,820 46,566 58,208 
PCs - desktop 169,589 213,965 235,012 256,268 
PC printers 141,179 158,237 216,286 244,890 
Typewriters 25,086 24,584 22,617 22,165 
Calculators 370,016 363,356 354,635 343,287 
Copiers 22,344 22,947 23,796 24,748 
PC NICs 111,000 169,000 239,000 238,000 

Portugal 1992 1993 1994 1995 

Large 31 29 27 25 
Medium 242 263 295 332 
Small 2,989 3,392 4,008 4,850 
Workstations 487 640 698 788 
PCs - portable 4,800 5,900 6,700 7,400 
PCs - desktop 105,400 121,000 132,000 144,300 
PC printers 96,900 110,600 124,100 139,000 
Typewriters 120,984 136,405 165,685 191,035 
Calculators 86,711 103,065 121,509 147,998 
Copiers 25,702 24,276 21,260 21,898 
PC NICs 109,740 112,103 115,819 29,127 

1996 1993/92 1994/93 
% % 

35 -19.6 - 5.4 
790 -10.9 21.0 

7,400 -21.9 6.8 
11,481 23.5 12.0 

119,147 29.3 16.0 
685,645 10.1 12.6 
767,562 11.1 18.2 
88,602 - 9.7 -15.7 

1,186,796 1.0 1.0 
120,729 4.5 3.8 
518,000 58.4 39.2 

1996 1993/92 1994/93 
% % 

13 20.0 0.0 
160 -45.1 25.0 

3,400 - 0.6 4.5 
2,950 14.5 - 4.0 

69,849 9.7 30.0 
271,276 26.2 9.8 
277,434 12.1 36.7 
21,722 - 2.0 - 8.0 

327,495 - 1.8 - 2.4 
25,664 2.7 3.7 

213,000 52.3 41.4 

1996 1993/92 1994/93 
% % 

26 - 6.5 - 6.9 
377 8.7 12.2 

5,950 13.5 18.2 
914 31.4 9.1 

8,200 22.9 13.6 
151,200 14.8 9.1 
152,000 14.1 12.2 
208,419 12.7 21.5 
170,494 18.9 17.9 
23,299 - 5.5 -12.4 
23,000 2.2 3.3 

1995/94 
% 
0.0 

18.8 
7.9 

10.0 
18.0 
9.9 

14.4 
- 5.1 

1.0 
2.0 

16.7 

1995/94 
% 

8.3 
14.3 
17.4 
1.0 

25.0 
9.0 

13.2 
- 2.0 
- 3.2 

4.0 
- 0.4 

1995/94 
% 

- 7.4 
12.5 
21.0 
12.9 
10.4 
9.3 

12.0 
15.3 
21.8 
3.0 

-74.9 

1996/95 
% 

0.0 
3.9 
8.8 
5.0 

15.0 
8.8 

15.2 
- 3.7 

0.2 
2.7 
5.9 

1996/95 
% 

0.0 
0.0 

25.9 
3.0 

20.0 
5.9 

13.3 
- 2.0 
- 4.6 

3.7 
-10.5 

1996/95 
% 
4.0 

13.6 
22.7 
16.0 
10.8 
4.8 
9.4 
9.1 

15.2 
6.4 

-21.0 

Table 45 
Netherlands 
IT Hardware 
Shipments (Units) 

Table 46 
Norway 
IT Hardware 
Shipments (Units) 

Table 47 
Portugal 
IT Hardware 
Shipments (Units) 



Table 48 
Spain 
IT Hardware 
Shipments (Units) 

Table 49 
Sweden 
IT Hardware 
Shipments (Units) 

Table 50 
Switzerland 
IT Hardware 
Shipments (Units) 
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Spain 1992 

Large 43 
Medium 496 
Small 10,804 
Workstations 4,317 
PCs - portable 80,815 
PCs - desktop 524,664 
PC printers 482,645 
Typewriters 147,050 
Calculators 1,344,593 
Copiers 113,654 
PC NICs 152,000 

Sweden 1992 

Large 33 
Medium 464 
Small 4,021 
Workstations 7,525 
PCs- portable 55,222 
PCs - desktop 262,424 
PC printers 260,207 
Typewriters 110,449 
Calculators 1,344,593 
Copiers 78,421 
PC NICs 207,000 

Switzerland 1992 

Large 50 
Medium 332 
Small 5,377 
Workstations 7,694 
PCs - portable 72,544 
PCs - desktop 279,772 
PC printers 245,663 
Typewriters 74,192 
Calculators 735,488 
Copiers 57,889 
PC NICs 119,000 

1993 1994 

46 45 
409 490 

8,300 9,400 
5,725 6,985 

86,265 73,325 
545,638 503,585 
498,721 512,998 
132,345 115,140 

1,411,823 1,468,296 
112,517 110,717 
219,000 369,000 

1993 1994 

29 25 
297 310 

4,300 4,700 
8,502 10,032 

76,427 97,827 
343,573 427,030 
293,163 355,377 
99,404 86,482 

1,383,587 1,409,564 
77,637 76,395 

294,000 348,000 

1993 1994 

49 42 
253 290 

4,300 4,800 
9,055 10,323 

87,549 100,681 
335,136 354,575 
296,606 360,097 
68,850 62,516 

739,901 748,780 
58,468 60,923 

165,000 257,000 

Statistical Outlook 
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1995 1996 
1993/92 1994/93 1995/94 1996/95 

% % % % 

45 44 7.0 - 2.2 0.0 - 2.2 
570 620 -17.5 19.8 16.3 8.8 

10,700 12,000 -23.2 13.3 13.8 12.1 
8,381 9,722 32.6 22.0 20.0 16.0 

80,658 91,547 6.7 -15.0 10.0 13.5 
516,419 550,921 4.0 - 7.7 2.5 6.7 
566,612 631,099 3.3 2.9 10.5 11.4 
94,415 82,141 -10.0 -13.0 -18.0 -13.0 

1,515,282 1,562,255 5.0 4.0 3.2 3.1 
112,931 115,416 - 1.0 - 1.6 2.0 2.2 
393,000 388,000 44.1 68.5 6.5 - 1.3 

1995 1996 1993/92 1994/93 1995/94 1996/95 
% % % % 

25 25 -12.1 -13.8 0.0 0.0 
340 330 -36.0 4.4 9.7 - 2.9 

5,100 5,400 6.9 9.3 8.5 5.9 
12,239 14,075 13.0 18.0 22.0 15.0 

119,348 137,251 38.4 28.0 22.0 15.0 
480,337 499,493 30.9 24.3 12.5 4.0 
432,740 497,198 12.7 21.2 21.8 14.9 
70,915 57,654 -10.0 -13.0 -18.0 -18.7 

1,454,670 1,493,946 2.9 1.9 3.2 2.7 
77,923 79,793 - 1.0 - 1.6 2.0 2.4 

371,000 357,000 42.0 18.4 6.6 - 3.8 

1995 1996 
1993/92 1994/93 1995/94 1996/95 

% % % % 
40 34 - 2.0 -14.3 - 4.8 -15.0 

360 370 -23.8 14.6 24.1 2.8 
5,300 5,800 -20.0 11.6 10.4 9.4 

11,871 13,533 17.7 14.0 15.0 14.0 
111,756 123,491 20.7 15.0 11.0 10.5 
378,627 398,511 19.8 5.8 6.8 5.3 
426,306 496,589 20.7 21.4 18.4 16.5 
60,015 57,735 - 7.2 - 9.2 - 4.0 - 3.8 

766,001 781,321 0.6 1.2 2.3 2.0 
63,360 65,895 1.0 4.2 4.0 4.0 

305,000 320,000 38.7 55.8 18.7 4.9 
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United Kingdolll: 1992 1993 1994 1995 

Large 180 166 135 120 
Medium 1,848 2,011 2,300 2,450 
Small 23,733 23,300 26,100 28,400 
Workstations 22,710 27,188 29,635 32,302 
PCs - portable 278,495 377,438 425,373 540,223 
PCs - desktop 1,683,457 1,802,546 2,001,818 2,110,706 
PC printers 1,443,389 1,619,715 1,897,028 2,188,879 
Typewriters 327,050 313,968 269,070 247,545 
Calculators 3,410,671 3,594,847 3,602,037 3,648,863 
Copiers 277,274 283,928 292,446 305,606 
PC NICs 823,000 1,079,000 1,357,000 1,571,000 

Czech & Slovak 1992 1993 1994 1995 
Republics 
Large 7 10 13 16 
Medium 78 90 102 108 
Small 1,690 1,900 2,200 2,500 
Workstations 773 840 1,050 1,300 
PCs - portable 7,130 24,015 25,000 26,000 
PCs - desktop 153,275 169,915 189,000 218,000 
PC printers 156,402 174,811 196,050 224,585 
Typewriters N/A N/A NIA N/A 
Calculators N/A N/A NIA N/A 
Copiers 17,800 20,900 22,300 24,000 
PC NICs 56,200 67,966 75,600 87,200 

Hungary 1992 1993 1994 1995 

Large 3 5 4 5 
Medium 100 54 60 65 
Small 507 764 780 890 
Workstations 475 438 580 825 
PCs - portable 3,920 5,210 7,200 8,300 
PCs - desktop 94,880 101,030 106,800 117,700 
PC printers 76,826 86,583 95,595 104,440 
Typewriters NIA N/A NIA N/A 
Calculators N/A N/A NIA N/A 
Copiers 12,000 13,000 14,500 16,000 
PC NICs 56,928 52,536 53,400 58,850 

1996 1993/92 1994/93 
% % 

110 - 7.8 -18.7 
2,540 8.8 14.4 

31,100 - 1.8 12.0 
34,563 19.7 9.0 

594,246 35.5 12.7 
2,298,299 7.1 11.1 
2,553,269 12.2 17.1 

227,493 - 4.0 -14.3 
3,725,489 5.4 0.2 

318,136 2.4 3.0 
1,726,000 31.1 25.8 

1996 1993/92 1994/93 
% % 

23 42.9 30.0 
114 15.4 13.3 

2,750 12.4 15.8 
1,750 8.7 25.0 

28,000 236.8 4.1 
251,500 10.9 11.2 
243;590 11.8 12.1 

NIA N/A N/A 
NIA NIA N/A 

26,000 17.4 6.7 
100,600 20.9 11.2 

1996 1993/92 1994/93 
% % 

6 66.7 -20.0 
72 -46.0 11.1 

1,020 50.7 2.1 
950 - 7.8 32.4 

9,500 32.9 38.2 
125,500 6.5 5.7 
113,670 12.7 10.4 

NIA NIA N/A 
NIA NIA NIA 

16,800 8.3 11.5 
62,750 - 7.7 1.6 

1995/94 
% 

-11.1 
6.5 
8.8 
9.0 

27.0 
5.4 

15.4 
- 8.0 

1.3 
4.5 

15.8 

1995/94 
% 

23.1 
5.9 

13.6 
23.8 
4.0 

15.3 
14.6 
NIA 
N/A 

7.6 
15.3 

1995/94 
% 

25.0 
8.3 

14.1 
42.2 
15.3 
10.2 
9.3 

N/A 
NIA 
10.3 
10.2 

1996/95 
% 

- 8.3 
3.7 
9.5 
7.0 

10.0 
8.9 

16.6 
- 8.1 

2.1 
4.1 
9.9 

1996/95 
% 

43.8 
5.6 

10.0 
34.6 
7.7 

15.4 
8.5 

NIA 
N/A 

8.3 
15.4 

1996/95 
% 

20.0 
10.8 
14.6 
15.2 
14.5 
6.6 
8.8 

NIA 
N/A 

5.0 
6.6 

Table 51 
United Kingdom 
IT Hardware 
Shipments (Units) 

Table 52 
Czech & Slovak 
Republics 
IT Hardware 
Shipments (Units) 

Table 53 
Hungary 
IT Hardware 
Shipments (Units) 



Table 54 
Poland 
IT Hardware 
Shipments (Units) 

Table 55 
Former Soviet Union 
IT Hardware 
Shipments (Units) 

Table 56 
EU 
IT Hardware 
Shipments (Units) 
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Poland 1992 

Large 1 
Medium 63 
Small 643 
Workstations 350 
PCs - portable 5,340 
PCs - desktop 172,710 
PC printers 162,018 
Typewriters N/A 
Calculators N/A 
Copiers 23,500 
PC NICs 69,084 

Former 
,, 

Soviet Union 1992 

Large 5 
Medium 35 
Small 300 
Workstations 820 
PCs - portable 2,500 
PCs - desktop 210,000 
PC printers 185,000 
Typewriters N/A 
Calculators N/A 
Copiers 24,100 
PC NICs 42,000 

EU 
.,; ;) 

,' 1992 

Large 945 
Medium 10,314 
Small 133,618 
Workstations 101,240 
PCs - portable 1,201,961 
PCs - desktop 7,607,784 
PC printers 7,547,287 
Typewriters 2,653,143 
Calculators 23,226,714 
Copiers 1,696,741 
PC NICs 2,994,624 

1993 1994 

2 4 
68 72 

690 760 
570 845 

7,540 21,000 
207,910 224,000 
197,900 218,000 

N/A N/A 
N/A N/A 

25,000 26,750 
79,005 89,600 

1993 1994 

15 20 
65 95 

700 1,200 
1,450 1,950 

18,500 25,000 
390,000 500,000 
300,000 420,000 

N/A NIA 
N/A NIA 

25,500 33,700 
97,500 125,000 

,, 

1993 1994 
.· 

794 698 
9,199 10,379 

112,080 124,357 
123,072 132,235 

1,434,687 1,623,667 
7,969,931 8,697,985 
8,335,104 9,746,990 
2,242,944 1,930,344 

22,617,042 22,148,822 
1,652,115 1,633,937 
4,290,494 5,831,403 
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1995 1996 1993/92 1994/93 1995/94 1996/95 

% % % % 

5 8 100.0 100.0 25.0 60.0 
78 85 7.9 5.9 8.3 9.0 

850 1,020 7.3 10.1 11.8 20.0 
1,100 1,500 62.9 48.2 30.2 36.4 

25,000 28,000 41.2 178.5 19.0 12.0 
253,000 292,000 20.4 7.7 12.9 15.4 
243,815 268,430 22.1 10.2 11.8 10.1 

N/A N/A N/A N/A N/A N/A 
N/A N/A N/A N/A N/A N/A 

28,650 32,000 6.4 7.0 7.1 11.7 
101,200 116,800 14.4 13.4 12.9 15.4 

1993/92 1994/93 1995/94 1996/95 
1995 1996 % % % % 

25 45 200.0 33.3 25.0 80.0 
120 155 85.7 46.2 26.3 29.2 

2,000 3,200 133.3 71.4 66.7 60.0 
2,600 4,100 76.8 34.5 33.3 57.7 

35,000 46,000 640.0 35.1 40.0 31.4 
615,000 680,000 85.7 28.2 23.0 10.6 
575,000 610,000 62.2 40.0 36.9 6.1 

N/A N/A N/A N/A N/A N/A 
N/A N/A N/A N/A N/A N/A 

38,500 45,000 5.8 32.2 14.2 16.9 
184,500 204,000 132.1 28.2 47.6 10.6 

1993/92 J994/93 1995/94 1996/95 1995· 1996 % . % % % 
690 683 -16.0 -12.1 - 1.1 - 1.1 

11,330 11,911 -10.8 12.8 9.2 5.1 
137,285 152,098 -16.1 11.0 10.4 10.8 
144,885 159,203 21.6 7.4 9.6 9.9 

1,940,916 2,211,479 19.4 13.2 19.5 13.9 
9,568,202 10,590,670 4.8 9.1 10.0 10.7 

11,372,493 13,353,658 10.4 16.9 16.7 17.4 
1,753,182 1,642,211 -15.5 -13.9 - 9.2 - 6.3 

22,041,101 21,976,200 - 2.6 - 2.1 - 0.5 - 0.3 
1,656,657 1,685,679 - 2.6 - 1.1 1.4 1.8 
6,645,027 7,192,238 43.3 35.9 14.0 8.2 
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EFTA 1992 1993 1994 1995 

Large 128 120 106 105 
Medium 1,498 1,044 1,150 1,300 
Small 16,823 16,300 18,000 20,000 
Workstations 23,215 27,035 30,742 35,589 
PCs - portable 203,537 255,366 316,204 379,942 
PCs - desktop 994,010 1,199,903 1,355,895 1,500,677 
PC printers 938,155 1,075,589 1,333,888 1,592,519 
Typewriters 268,424 241,707 212,229 189,176 
Calculators 3,181,622 3,222,074 3,252,043 3,310,191 
Copiers 215,885 216,382 218,985 225,263 
PC NICs 568,000 846,000 1,121,000 1,248,000 

EU&EFTA 1992 1993 1994 1995 

Large 1,073 914 804 795 
Medium 11,812 10,243 11,529 12,630 
Small 150,441 128,380 142,357 157,285 
Workstations 124,454 150,107 162,977 180,474 
PCs - portable 1,405,498 1,690,053 1,939,870 2,320,858 
PCs - desktop 8,601,794 9,169,834 10,053,880 11,068,879 
PC printers 8,485,443 9,410,693 11,080,878 12,965,012 
Typewriters 2,921,567 2,484,651 2,142,573 1,942,358 
Calculators 26,408,335 25,839,116 25,400,865 25,351,292 
Copiers 1,912,626 1,868,497 1,852,922 1,881,920 
PC NICs 3,562,624 5,136,494 6,952,403 7,893,027 

Eastern Europe 1992 1993 1994 1995 

Large 16 32 41 51 
Medium 276 277 329 371 
Small 3,140 4,054 4,940 6,240 
Workstations 2,418 3,298 4,425 5,825 
PCs -portable 18,890 55,265 78,200 94,300 
PCs - desktop 630,865 868,855 1,019,800 1,203,700 
PC printers 580,246 759,294 929,645 1,147,840 
Copiers 77,400 84,400 97,250 107,150 
PC NICs 224,212 297,007 343,600 431,750 

1996 
1993/92 1994/93 

% % 

97 - 6.3 -11.7 

1,310 -30.3 10.2 

22,100 - 3.1 10.4 
39,957 16.5 13.7 

434,814 25.5 23.8 
1,590,291 20.7 13.0 
1,837,489 14.6 24.0 

170,093 -10.0 -12.2 

3,351,032 1.3 0.9 
231,342 0.2 1.2 

1,268,000 48.9 32.5 

1996 
1993/92 1994/93 

% % 
780 -14.8 -12.0 

13,221 -13.3 12.6 
174,198 -14.7 10.9 
199,160 20.6 8.6 

2,646,294 20.2 14.8 
12,180,961 6.6 9.6 
15,191,147 10.9 17.7 

1,812,304 -15.0 -13.8 
25,327,232 - 2.2 - 1.7 

1,917,020 - 2.3 - 0.8 
8,460,238 44.2 35.4 

1996 
1993/92 1994/93 

% % 
82 100.0 28.1 

426 0.4 18.8 
7,990 29.1 21.9 
8,300 36.4 34.2 

111,500 192.6 41.5 
1,349,000 37.7 17.4 
1,235,690 30.9 22.4 

119,800 9.0 15.2 
484,150 32.5 15.7 

1995/94 
% 

- 0.9 
13.0 
11.1 
15.8 
20.2 
10.7 
19.4 

-10.9 
1.8 
2.9 

11.3 

1995/94 
% 

- 1.1 
9.5 

10.5 
10.7 
19.6 
10.1 
17.0 

- 9.3 
- 0.2 

1.6 
13.5 

1995/94 
% 

24.4 
12.8 
26.3 
31.6 
20.6 
18.0 
23.5 
10.2 
25.7 

1996/95 
% 

- 7.6 
0.8 

10.5 
12.3 
14.4 
6.0 

15.4 
-10.1 

1.2 

2.7 
1.6 

1996/95 
% 

- 1.9 
4.7 

10.8 
10.4 
14.0 
10.0 
17.2 

- 6.7 
- 0.1 

1.9 
7.2 

1996/95 
% 

60.8 
14.8 
28.0 
42.5 
18.2 
12.1 
7.7 

11.8 
12.1 

Table 57 
EFTA 
IT Hardware 
Shipments (Units) 

Table 58 
EU&EFTA 
IT Hardware 
Shipments (Units) 

Table 59 
Eastern Europe 
IT Hardware 
Shipments (Units) 
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8. ICT Trade Flows 

The data presented on trade is based upon 
the Combined Nomenclature, an international 
standard for such data. The details concerning 
the product categories included are given at the 
end ofthe statistical section. In general terms, the 
trade data can be considered to match well but 
not exactly with the classification used for IT and 
telecommunications hardware throughout the 
statistical section. Data processing equipment, 
electronic office equipment and components 
and related spares are all included. Semiconduc
tor devices and other electronic components are 
not included. 

Figures are presented in current ECU, ac
cording to standard valuation rules. Imports are 
generally stated at customs value or by reference 
to the concept of customs value ( ciD; exports are 
stated at the value of the goods at the place and 
time that they leave the statistical area of the 
exporting member state (fob). Data availability 
for this exercise has been governed by the frame
work of the European Commission's statistical 
systems which now includes EFTA countries, 
Japan and the US. 

The term intra-EU refers to trade between 
member states. Extra-EU trade is that between a 
member state and a non-member state. It should 
be noted that intra-E U import statistics are based 
upon the country of consignment, and not neces
sarily on the country of origin. 

Statistical Outlook 

Europe continues to run a trade deficit in 
IT and telecommunications products. The data 
reveals that the situation worsened until 1992 
with a large reduction in the balance in 1993. 
In 1991 and 1992 respectively, the EU deficit on 
the I CT products was ECU -17.6 billion and ECU 
- 18.9 billion. The recession of 1993 has reversed 
this trend. In 1993, imports of IT and telecom
munications products in the EU fell, whereas 
exports rose substantially. In contrast, the EFTA 
countries increased their trade deficit as their 
economies went into recession earlier than the 
EU and started their recoveries earlier. 

By contrast, Japan achieves a large trade sur
plus in these products. The size of this surplus 
reached almost ECU 26 billion in 1993, up more 
than ECU 5 billion in two years. The US con
tinues to have a trade surplus with the EU. In 
1993, a trade surplus of more than ECU 7 billion 
was achieved. 

The Republic of Ireland continues to main
tain its position as Europe's ICT producing 
powerhouse. With one of the smallest popula
tions in Europe, the country exported more than 
twice the amount ofiCTimports.A trade surplus 
of ECU 2.4 billion was recorded, up twenty 
percent on 1992. 

391 
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Production 
1992 

Austria 4,301 
Belgium/Luxembourg 5,811 
Denmark 3,883 
Finland 2,685 
France 40,697 
Germany 58,207 
Greece 1,212 
Ireland 3,794 
Italy 24,121 
Netherlands 9,279 
Norway 3,743 
Portugal 1,744 
Spain 11,058 
Sweden 8,323 
Switzerland 9,235 
UK 38,663 
Total 226,756 

1993 1992 
%breakdown 

4,756 1.9 
6,644 2.6 
4,021 1.7 
3,055 1.2 

42,376 17.9 
64,695 25.7 

1,283 0.5 
4,286 1.7 

26,009 10.6 
11,293 4.1 
3,931 1.7 
2,145 0.8 

11,560 4.9 
8,491 3.7 
9,339 4.1 

40,702 17.0 
244,586 100.0 

1993 
%breakdown 

1.9 
2.7 
1.6 
1.2 

17.3 
26.5 
0.5 
1.8 

10.6 
4.6 
1.6 
0.9 
4.7 
3.5 
3.8 

16.6 
100.0 

Table 60 
Production in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 



Table 61 
Austria 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 

Table 62 
Belgium/Luxembourg 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands ofECU) 

Table 63 
Denmark 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 
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IT & Telecoms 

Imports from EU 
Imports from Other Countries 
Imports Total 

Exports to EU 
Exports to Other Countries 
Exports Total 

Exports to E U /Total Exports 
Imports from EU /Total Imports 

Trade Balance 
EU Trade Balance 

IT &Telecoms 

Imports Intra-EU 
Imports Extra-EU 
Imports Total 

Exports Intra-EU 
Exports Extra-EU 
Exports Total 

Extra-EU/Intra-EU Exports 
Extra-E U /Intra-EU Imports 

Trade Balance 
Extra EU Trade Balance 

IT& Telecoms 

Imports Intra-EU 
Imports Extra-EU 
Imports Total 

Exports Intra-EU 
Exports Extra-EU 
Exports Total 

Extra-EU/Intra-EU Exports 
Extra-EU!Intra-EU Imports 

Trade Balance 
Extra EU Trade Balance 

1991 

729,438 
1,051,077 
1,780,515 

402,684 
336,417 
739,101 

54.5% 
41.0% 

-1,041,414 
- 326,754 

1991 

1,724,808 
667,859 

2,392,667 

983,432 
431,836 

1,415,268 

43.9% 
38.7% 

-977,399 
-236,023 

1991 

947,243 
448,157 

1,395,400 

224,498 
355,929 
580,427 

158.5% 
47.3% 

-814,973 
- 92,228 

Statistical Outlook 
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1992 1993 

674,006 731,137 
1,005,693 914,869 
1,679,699 1,646,006 

372,648 280,327 
. 332,087 311,218 

704,735 591,545 

52.9% 47.4% 
40.1% 44.4% 

-974,964 - 1,054,461 
-301,358 - 450,810 

1992 1993 

1,725,489 1,508,064 
697,639 620,923 

2,423,128 2,128,987 

939,282 1,066,922 
482,126 611,782 

1,421,408 1,678,704 

51.3% 57.3% 
40.4% 41.2% 

- 1,001,720 -450,283 
- 215,513 - 9,141 

·' 1992 1993 

994,440 996,569 
465,585 463,542 

1,460,025 1,460,111 

244,109 160,414 
354,926 344,658 
599,035 505,072 

145.4% 214.9% 
46.8% 46.5% 

-860,990 -955,039 
-110,659 -118,884 
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IT & Telecoms 1991 

Imports from EU 290,558 
Imports from Other Countries 545,468 
Imports Total 836,026 

Exports to EU 210,784 
Exports to Other Countries 267,110 
Exports Total 477,894 

Exports to EU/Total Exports 44.1% 
Imports from EU /Total Imports 34.8% 

Trade Balance -358,132 
EU Trade Balance - 79,774 

IT & Telecoms 1991 

Imports lntra-EU 5,351,399 
Imports Extra-EU 3,070,165 
Imports Total 8,421,564 

Exports lntra-EU 4,128,848 
Exports Extra-EU 1,985,975 
Exports Total 6,114,823 

Extra-EU!Intra-EU Exports 48.1% 
Extra-EU/Intra-EU Imports 57.4% 

Trade Balance -2,306,741 
Extra E U Trade Balance - 1,084,190 

IT& Telecoms 1991 

Imports lntra-EU 6,723,139 
Imports Extra-EU 8,223,477 
Imports Total 14,946,616 

Exports lntra-EU 5,435,389 
Exports Extra-EU 4,244,713 
Exports Total 9,680,102 

Extra-EU/Intra-EU Exports 78.1% 
Extra-EU/Intra-EU Imports 122.3% 

Trade Balance -5,266,514 
Extra EU Trade Balance -3,978,764 

1992 

235,809 
539,831 
775,640 

390,783 
281,115 
671,898 

58.2% 
30.4% 

-103,742 
154,974 

1992 

5,391,038 
3,337,009 
8,728,047 

4,194,973 
2,215,174 
6,410,147 

52.8% 
61.9% 

-2,317,900 
-1,121,835 

1992 

6,846,798 
8,900,954 

15,747,752 

5,311,209 
4,312,408 
9,623,617 

81.2% 
130.0% 

-6,124,135 
-4,588,546 

1993 

244,334 
564,865 
809,199 

455,376 
458,167 
913,543 

49.8% 
30.2% 

104,344 
211,042 

1993 

5,268,517 
3,382,821 
8,651,338 

4,063,636 
2,350,053 
6,413,689 

57.8% 
64.2% 

-2,237,649 
- 1,032,768 

1993 

5,733,191 
9,467,006 

15,200,197 

5,084,938 
4,759,559 
9,844,497 

93.6% 
165.1% 

-5,355,700 
-4,707,447 

Table 64 
Finland 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 

Table 65 
France 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 

Table 66 
Germany 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 



Table 67 
Greece 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 

Table 68 
Ireland 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 

Table 69 
Italy 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands ofECU) 
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IT & Telecoms 

Imports Intra-EU 
Imports Extra-EU 
Imports Total 

Exports Intra-EU 
Exports Extra-EU 
Exports Total 

Extra-EU/Intra-EU Exports 
Extra-EU/Intra-EU Imports 

Trade Balance 
Extra EU Trade Balance 

IT & Telecoms 

Imports Intra-EU 
Imports Extra-EU 
Imports Total 

Exports Intra-EU 
Exports Extra-EU 
Exports Total 

Extra-EU!lntra-EU Exports 
Extra-EU!lntra-EU Imports 

Trade Balance 
Extra E U Trade Balance 

IT& Telecoms 

Imports Intra-EU 
Imports Extra-EU 
Imports Total 

Exports Intra-EU 
Exports Extra-EU 
Exports Total 

Extra-EU!lntra-EU Exports 
Extra-EU!Intra-EU Imports 

Trade Balance 
Extra EU Trade Balance 

1991 

226,317 
169,311 
395,628 

23,720 
4,781 

28,501 

20.2% 
74.8% 

-367,127 
-164,530 

1991 

718,973 
1,177,155 
1,896,128 

2,494,051 
960,471 

3,454,522 

38.5% 
163.7% 

1,558,394 
-216,684 

1991 

3,491,979 
2,186,508 
5,678,487 

2,921,422 
857,034 

3,778,456 

29.3% 
62.6% 

-1,900,031 
-1,329,474 

Statistical Outlook 
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• 
1992 1993 

233,266 381,898 
155,909 162,238 
389,175 544,136 

26,879 51,302 
7,477 13,004 

34,356 64,306 

27.8% 25.3% 
66.8% 42.5% 

-354,819 -479,830 
-148,432 -149,234 

1992 1993 

820,614 745,517 
763,753 1,565,713 

1,584,367 2,311,230 

2,545,101 2,873,709 
1,056,446 1,856,879 
3,601,547 4,730,588 

41.5% 64.6% 
93.1% 210.0% 

2,017,180 2,419,358 
292,693 291,166 

1992 1993 

3,404,664 3,081,983 
2,108,719 1,727,369 
5,513,383 4,809,352 

2,533,980 2,813,318 
920,428 1,203,399 

3,454,408 4,016,717 

36.3% 42.8% 
61.9% 56.0% 

-2,058,975 -792,635 
-1,188,291 -523,970 
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IT & Telecoms 1991 

Imports Intra-EU 3,849,312 
Imports Extra-EU 4,690,107 
Imports Total 8,539,419 

Exports Intra-EU 4,702,832 
Exports Extra-EU 1,306,905 
Exports Total 6,009,737 

Extra-EU/Intra-EU Exports 27.8% 
Extra-EU/Intra-EU Imports 121.8% 

Trade Balance -2,529,682 
Extra EU Trade Balance -3,383,202 

IT & Telecoms 1991 

Imports from EU 375,560 
Imports from Other Countries 582,595 
Imports Total 958,155 

Exports to EU 192,264 
Exports to Other Countries 187,917 
Exports Total 380,181 

Exports to EU /Total Exports 50.6% 
Imports from EU /Total Imports 39.2% 

Trade Balance -577,974 
EU Trade Balance -183,296 

IT& Telecoms 1991 

Imports Intra-EU 548,561 
Imports Extra-EU 194,358 
Imports Total 742,919 

Exports Intra-EU 86,893 
Exports Extra-EU 37,638 
Exports Total 124,531 

Extra-EU/Intra-EU Exports 43.3% 
Extra-EU/Intra-EU Imports 35.4% 

Trade Balance -618,388 
Extra EU Trade Balance -156,720 

1992 

4,004,984 
4,778,019 
8,783,003 

4,838,998 
1,446,808 
6,285,806 

29.9% 
119.3% 

-2,497,197 
-3,331,211 

1992 

343,532 
665,401 

1,008,933 

164,209 
197,752 
361,961 

45.4% 
34.0% 

-646,972 
- 179,323 

1992 

585,768 
199,067 
784,835 

78,831 
25,851 

104,682 

32.8% 
34.0% 

-680,153 
-173,216 

1993 

3,697,268 
4,092,617 
7,789,885 

5,350,143 
1,446,909 
6,797,052 

27.0% 
110.7% 

- 992,833 
-2,645,708 

1993 

417,653 
692,509 

1,110,162 

136,294 
206,461 
342,755 

39.8% 
37.6% 

-767,407 
-281,359 

1993 

487,667 
153,948 
641,615 

57,599 
18,488 
76,087 

32.1% 
31.6% 

-565,528 
-135,460 

Table 70 
Netherlands 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands ofECU) 

Table 71 
Norway 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 

Table 72 
Portugal 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 



Table 73 
Spain 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands ofECU) 

Table 74 
Sweden 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 

Table 75 
Switzerland 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 
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IT & Telecoms ., 

Imports Intra-EU 
Imports Extra-EU 
Imports Total 

Exports Intra-EU 
Exports Extra-EU 
Exports Total 

Extra-EU !Intra-EUExports 
Extra-EU/Intra-EU Imports 

Trade Balance 
Extra E U Trade Balance 

IT & Telecoms 

Imports from EU 
Imports from Other Countries 
Imports Total 

Exports to EU 
Exports to Other Countries 
Exports Total 

Exports to EU/Total Exports 
Imports from EU /Total Imports 

Trade Balance 
EU Trade Balance 

IT& Telecoms 

Imports from EU 
Imports from Other Countries 
Imports Total 

Exports to E U 
Exports to Other Countries 
Exports Total 

Exports to EU /Total Exports 
Imports from EU /Total Imports 

Trade Balance 
E U Trade Balance 

1991 

1,892,191 
1,705,826 
3,598,017 

934,810 
398,075 

1,332,885 

42.6% 
90.2% 

-2,265,132 
-1,307,751 

1991 

912,620 
1,431,998 
2,344,618 

1,231,111 
1,038,406 
2,269,517 

54.2% 
38.9% 

-75,101 
318,491 

1991 

1,536,485 
882,782 

2,419,267 

431,674 
260,101 
691,775 

62.4% 
63.5% 

-1,727,492 
-1,104,811 

Statistical Outlook 
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• 
1992 1993 

1,696,539 1,929,631 
1,562,063 854,113 
3,258,602 2,783,744 

862,227 738,015 
431,107 616,954 

1,293,334 1,354,969 

50.0% 83.6% 
92.1% 44.3% 

- 1,965,268 - 1,428,775 
-1,130,956 - 237,159 

1992 1993 

789,844 719,078 
1,453,554 1,507,464 
2,243,398 2,226,542 

1,030,111 803,368 
1,048,254 966,228 
2,078,365 1,769,596 

49.6% 45.4% 
35.2% 32.3% 

-165,033 -456,946 
240,267 84,290 

1992 1993 

1,516,695 1,704,914 
870,568 886,729 

2,387,263 2,591,643 

451,476 510,674 
236,409 255,163 
687,885 765,837 

65.6% 66.7% 
63.5% 65.8% 

- 1,699,378 -1,825,806 
- 1,065,219 - 1,194,240 
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IT & Telecoms 1991 

Imports Intra-EU 5,117,203 
Imports Extra-EU 6,318,649 
Imports Total 11,435,852 

Exports Intra-EU 6,197,280 
Exports Extra-EU 3,134,650 
Exports Total 9,331,930 

Extra-EU!Intra-EU Exports 50.6% 
Extra-EU/Intra-EU Imports 123.5% 

Trade Balance -2,103,922 
Extra EU Trade Balance -3,183,999 

IT & Telecoms 1991 

Imports Intra-EU 30,591,125 
Imports Extra-EU 28,851,572 
Imports Total 59,442,697 

Exports Intra-EU 28,133,175 
Exports Extra-EU 13,718,007 
Exports Total 41,851,182 

Extra-EU/Intra-EU Exports 48.8% 
Extra-EU/Intra-EU Imports 94.3% 

Trade Balance -17,591,515 
Extra EU Trade Balance -15,133,565 

IT& Telecoms 1991 

Imports from EU 3,844,661 
Imports from Other Countries 4,493,920 
Imports Total 8,338,581 

Exports to EU 2,468,517 
Exports to Other Countries 2,089,951 
Exports Total 4,558,468 

Exports to EU /Total Exports 54.2% 
Imports from EU /Total Imports 46.1% 

Trade Balance -3,780,113 
E U Trade Balance - 1,376,144 

1992 

5,286,266 
6,696,456 

11,982,722 

5,779,972 
3,137,812 
8,917,784 

54.3% 
126.7% 

-3,064,938 
-3,558,644 

1992 

30,989,866 
29,665,173 
60,655,039 

27,355,561 
14,390,563 
41,746,124 

52.6% 
95.7% 

-18,908,915 
-15,274,610 

1992 

3,559,752 
4,535,181 
8,094,933 

2,409,227 
2,095,617 
4,504,844 

53.5% 
44.0% 

-3,590,089 
-1,150,525 

1993 

5,752,384 
7,832,374 

13,584,758 

6,746,608 
4,056,396 

10,803,004 

60.1% 
136.2% 

-2,781,754 
-3,775,978 

1993 

28,586,125 
30,322,665 
58,908,790 

28,846,193 
17,278,081 
46,124,274 

59.9% 
106.1% 

-12,784,516 
- 13,044,584 

1993 

3,817,116 
4,566,436 
8,383,552 

2,186,039 
2,197,237 
4,383,276 

49.9% 
45.5% 

-4,000,276 
-1,631,077 

Table 76 
United Kingdom 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 

Table 77 
EU 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 

Table 78 
EFTA 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands ofECU) 



Table 79 
USA 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 

Table 80 
Japan 
Trade in IT and 
Telecommunications 
Hardware 
(Thousands of ECU) 
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Imports from EU 
Imports from Other Countries 
Imports Total 

Exports to EU 
Exports to Other Countries 
Exports Total 

Exports to EU/Total Exports 
Imports from EU/Total Imports 

Trade Balance 
EU Trade Balance 

IT & Telecoms 

Imports from E U 
Imports from Other Countries 
Imports Total 

Exports to EU 
Exports to Other Countries 
Exports Total 

Exports to EU /Total Exports 
Imports from EU/Total Imports 

Trade Balance 
EU Trade Balance 

1991 

2,456,078 
54,292,643 
36,813,049 

10,157,962 
15,756,208 
25,914,170 

39.2% 
6.7% 

-1,198,764 
7,701,884 

1991 

307,766 
4,831,840 
5,139,606 

7,845,923 
17,321,399 
25,167,322 

31.2% 
6.0% 

20,027,716 
7,538,157 

Statistical Outlook 
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• 
1992 1993 

2,632,015 3,130,113 
55,099,913 53,307,180 
35,949,754 39.329.333 

9,833,745 10,348,033 
16,656,896 19,866,173 
26,490,641 30,214,206 

37.1% 34.2% 
7.3% 8.0% 

-4,533,422 -10,321,872 
7,201,730 7,217,920 

1992 1993 

454,755 769,739 
4,714,856 6,018,084 
5,169,611 6,787,823 

8,370,321 8,700,935 
18,722,074 23,851,772 
27,092,395 32,552,707 

30.9% 26.7% 
8.8% 11.3% 

21,922,784 25,764,884 
7,915,566 7,931,196 
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9. Market Structures 
and Penetration of ICT 

The different markets in Europe freely 
share certain features with their neighbours, but 
equally the degree of variation amongst the 
countries is also considerable. The tables which 
follow attempt to illustrate the degree to which 
countries within the EU and EFTA are distin
guished in terms oftheircompetitive fabric, trade 
balance (EU countries only) and overall use of 
IT and telecommunication. 

Tables 81 to 93 present a number of ratios for 
the major EU and EFTA markets. These tables 
include different measures of industry leader
ship or concentration, ratios comparing the value 
of the ICTmarket to gross domestic product and 
population. 

The market share of a leader in a particular 
market is for the purposes of this study con
sidered a composite measure. The nature of 
the IT market in Europe makes this a necessity. 
Thus, it cannot be assumed that a figure under 
this heading gives the total market share of a 
single national supplier. The composite measure 
is designed to assess the degree to which the mar
ket leaders in various related sectors dominate 

those markets.A similar principle is used in arriv
ing at a figure for market concentration. These 
figures refer to the cumulative market share of 
the top ten vendors, in each year, with the com
position of the top ten varying each year. The soft
ware and services markets are here defined in 
terms which stress the independent structures. 
They are not therefore sensitive to the balance 
of power between the traditional hardware 
suppliers and the independent specialists. This 
is justified on the basis of the theory of de-inte
gration of the industry and because of the pre
dominance of the hardware suppliers in terms 
of the systems software that is essential for the 
operation of the machines, but not intimately 
associated with the solution of user oriented 
problems. 

Throughout the EU and EFTA the ratios of 
the value of the IT market compared to gross 
national product, or of the IT market value to the 
total population, vary considerably. Tables 94 
to 99 summarise the variation of these ratios by 
country for the period 1991 to 1994. 



Table 81 
Austria 
Market Structures 
and Penetration oj!CT 

Table 82 
Belgium! Luxembourg 
Market Structures 
and Penetration of!CT 

Table 83 
Denmark 
Market Structures 
and Penetration of!CT 
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Austria 1991 
IT Industry Leader's Share Hardware 28.0% 

Software 0.8% 
Services 1.8% 

IT Industry Concentration (top 10 vendors) Hardware 73.7% 
Software 5.3% 
Services 12.6% 

Market Comparisons IT Market versus G D P 1.6% 
Per Capita IT Expenditure (ECU) 291 

ICT Market versus GDP 3.5% 
Per Capita ICT Expenditure (ECU) 635 

Belgium/Luxembourg 1991 
IT Industry Leader's Share Hardware 27.8% 

Software 2.1% 
Services 2.5% 

IT Industry Concentration (top 10 vendors) Hardware 76.5% 
Software 12.6% 
Services 12.2% 

Market Comparisons IT Market versus G D P 2.01% 
Per Capita IT Expenditure (ECU) 340 

ICT Market versus GDP 3.71% 
Per Capita ICT Expenditure (ECU) 627 

Denmark 1991 
IT Industry Leader's Share Hardware 43.9% 

Software 2.3% 
Services 9.1% 

IT Industry Concentration (top 10 vendors) Hardware 82.2% 
Software 12.7% 
Services 24.2% 

Market Comparisons IT Market versus GDP 2.56% 
Per Capita IT Expenditure (ECU) 548 

ICT Market versus GDP 4.21% 
Per Capita ICT Expenditure (ECU) 902 

401 

• 
1992 1993 

23.8% 23.7% 
1.7% 2.8% 
2.6% 3.0% 

60.1% 63.4% 
9.8% 11.1% 

15.8% 15.9% 
1.51% 1.67% 

303 326 
3.38% 3.70% 

678 721 

1992 1993 
20.8% 20.2% 

4.1% 3.1% 
5.1% 2.9% 

58.3% 60.5% 
14.8% 15.6% 
21.1% 19.5% 
1.83% 2.00% 

343 353 
3.48% 3.84% 

653 677 

1992 1993 
30.9% 27.1% 

3.6% 2.9% 
21.5% 4.4% 
62.9% 62.0% 
14.9% 13.0% 
44.8% 16.8% 
2.28% 2.48% 

532 552 
3.93% 4.30% 

917 959 
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Finland 1991 
IT Industry Leader's Share Hardware 20.4% 

Software 9.0% 
Services 12.4% 

IT Industry Concentration (top 10 vendors) Hardware 63.5% 
Software 33.8% 
Services 35.2% 

Market Comparisons IT Market versus GDP 1.51% 
Per Capita IT Expenditure (ECU) 312 

ICT Market versus GDP 2.74% 
Per Capita ICT Expenditure (ECU) 566 

France 1991 
IT Industry Leader's Share Hardware 26.6% 

Software 6.8% 
Services 12.8% 

IT Industry Concentration (top 10 vendors) Hardware 76.6% 
Software 23.5% 
Services 23.5% 

Market Comparisons IT Market versus G DP 2.13% 
Per Capita IT Expenditure (ECU) 381 

ICT Market versus GDP 4.04% 
Per Capita ICT Expenditure (ECU) 722 

Gennany 1991 
IT Industry Leader's Share Hardware 27.7% 

Software 3.4% 
Services 1.9% 

IT Industry Concentration (top 10 vendors) Hardware 74.2% 
Software 12.9% 
Services 9.9% 

Market Comparisons IT Market versus GDP 2.46% 
Per Capita IT Expenditure (ECU) 417 

ICT Market versus GDP 4.97% 
Per Capita ICT Expenditure (ECU) 845 

1992 
14.2% 
4.7% 

11.0% 
51.1% 
23.6% 
30.2% 
1.59% 

286 
3.07% 

553 

1992 
21.2% 

6.7% 
10.0% 
62.8% 
19.0% 
33.4% 
1.97% 

388 
3.82% 

750 

1992 
19.6% 
4.3% 
3.6% 

56.2% 

18.0% 
16.2% 
2.29% 

435 
4.82% 

914 

1993 
15.7% 
5.6% 
8.4% 

53.9% 
24.7% 
26.2% 
2.18% 

304 
4.19% 

583 

1993 
19.5% 
7.1% 
4.4% 

60.3% 
22.8% 
22.3% 
1.97% 

387 
4.18% 

773 

1993 
18.4% 
5.9% 
5.7% 

56.6% 
14.9% 
19.8% 
2.41% 

434 
5.20% 

935 

Table 84 
Finland 
Market Structures 
and Penetration of!CT 

Table 85 
France 
Market Structures 
and Penetration of!CT 

Table 86 
Germany 
Market Structures 
and Penetration of!CT 



Table 87 
Italy 
Market Structures 
and Penetration oj!CT 

Table 88 
Netherlands 
Market Structures 
and Penetration oj!CT 

Table 89 
No !Way 
Market Structures 
and Penetration of!CT 

Part Three· EITO 95 Statistical Outlook 

Italy 1991 
IT Industry Leader's Share Hardware 33.1% 

Software 2.3% 
Services 16.2% 

IT Industry Concentration (top 10 vendors) Hardware 78.9% 
Software 14.0% 
Services 45.0% 

Market Comparisons IT Market versus G DP 1.13% 
Per Capita IT Expenditure (ECU) 194 

ICT Market versus GDP 2.53% 
Per Capita ICT Expenditure (ECU) 436 

Netherlands 1991 
IT Industry Leader's Share Hardware 23.0% 

Software 2.3% 
Services 19.0% 

IT Industry Concentration (top 10 vendors) Hardware 74.7% 
Software 10.4% 
Services 73.7% 

Market Comparisons IT Market versus G D P 2.41% 
Per Capita IT Expenditure (ECU) 395 

ICT Market versus GDP 4.62% 
Per Capita ICT Expenditure (ECU) 759 

Norway 1991 
IT Industry Leader's Share Hardware 23.5% 

Software 4.2% 
Services 3.8% 

IT Industry Concentration (top 10 vendors) Hardware 63.9% 
Software 16.3% 
Services 21.4% 

Market Comparisons IT Market versus G 0 P 2.43% 
Per Capita IT Expenditure (ECU) 515 

ICT Market versus GDP 4.68% 
Per Capita ICT Expenditure (ECU) 994 
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• 
1992 1993 

31.9% 28.5% 
2.1% 2.5% 
6.9% 8.1% 

69.0% 62.6% 
13.2% 9.3% 
40.1% 30.8% 
1.13% 1.37% 

208 204 
2.51% 3.17% 

460 470 

1992 1993 
19.5% 18.5% 
1.8% 4.2% 

28.2% 12.2% 
61.1% 57.1% 
12.8% 17.8% 
67.7% 34.9% 
2.19% 2.35% 

394 405 
4.31% 4.66% 

776 803 

1992 1993 
14.1% 14.1% 
4.2% 3.1% 
3.9% 2.5% 

50.8% 49.2% 
26.0% 19.1% 
25.0% 14.2% 
2.24% 2.62% 

504 536 
4.55% 5.33% 
1,024 1,089 
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Spain 1991 
IT Industry Leader's Share Hardware 28.8% 

Software 3.7% 
Services 13.0% 

IT Industry Concentration (top 10 vendors) Hardware 68.0% 
Software 11.7% 
Services 33.8% 

Market Comparisons IT Market versus GDP 1.10% 
Per Capita IT Expenditure (ECU) 128 

ICT Market versus GDP 2.87% 
Per Capita ICT Expenditure (ECU) 332 

Sweden 1991 
IT Industry Leader's Share Hardware 30.3% 

Software 2.5% 
Services 12.3% 

IT Industry Concentration (top 10 vendors) Hardware 78.9% 
Software 15.6% 
Services 26.3% 

Market Comparisons IT Market versus GDP 2.02% 
Per Capita IT Expenditure (ECU) 479 

ICT Market versus GDP 4.16% 
Per Capita ICT Expenditure (ECU) 986 

Switzerland 1991 
IT Industry Leader's Share Hardware 26.2% 

Software 0.6% 
Services 1.6% 

IT Industry Concentration (top 10 vendors) Hardware 68.8% 
Software 3.8% 
Services 10.1% 

Market Comparisons IT Market versus GDP 2.37% 
Per Capita IT Expenditure (ECU) 687 

ICT Market versus GDP 5.32% 
Per Capita ICT Expenditure (ECU) 1,545 

1992 
25.0% 

4.8% 
15.3% 
59.6% 
14.3% 
26.1% 
1.00% 

126 
2.65% 

333 

1992 
22.5% 

2.8% 
8.0% 

57.1% 
17.9% 
22.4% 
1.85% 

450 
4.02% 

979 

1992 
20.8% 

1.6% 
5.9% 

57.6% 
5.6% 

11.6% 
2.34% 

702 
5.30% 
1,590 

1993 
20.5% 

6.4% 
11.6% 
53.9% 
19.7% 
37.5% 
1.14% 

119 
3.18% 

332 

1993 
17.3% 
2.7% 
6.3% 

56.4% 
12.7% 
26.5% 
2.67% 

487 
5.63% 
1,025 

1993 
20.7% 

2.9% 
1.8% 

56.7% 
8.3% 
7.6% 

2.42% 
699 

5.58% 
1,608 

Table 90 
Spain 
Market Structures 
and Penetration of!CT 

Table 91 
Sweden 
Market Structures 
and Penetration of!CT 

Table 92 
Switzerland 
Market Structures 
and Penetration of!CT 



Table 93 
United Kingdom 
Market Structures 
and Penetration ojiCT 

Table 94 
Per Capita IT 
Expenditure, 
ECUs 

Table 95 
IT% GDP 
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United Kingdom 1991 
IT Industry Leader's Share Hardware 19.9% 

Software 4.9% 
Services 4.2% 

IT Industry Concentration (top 10 vendors) Hardware 72.4% 
Software 17.4% 
Services 23.5% 

Market Comparisons IT Market versus G D P 2.10% 
Per Capita IT Expenditure (ECU) 314 

ICTMarket versus GOP 4.72% 
Per Capita ICT Expenditure (ECU) 704 

1991 1992 1993 1994 
Austria 291 303 326 342 Austria 
Belgium/Luxemb. 340 343 353 368 Belgium/Luxemb. 
Denmark 548 532 552 590 Denmark 
Finland 312 286 304 324 Finland 
France 381 388 387 396 France 
Germany 417 435 434 446 Germany 
Greece 33 39 42 47 Greece 
Ireland 173 176 187 198 Ireland 
Italy 194 208 204 206 Italy 
Netherlands 395 394 405 420 Netherlands 
Norway 515 504 536 567 Norway 
Portugal 68 81 82 85 Portugal 
Spain 128 126 119 117 Spain 
Sweden 479 450 487 526 Sweden 
Switzerland 687 702 699 728 Switzerland 
UK 314 324 344 370 UK 
EU&EFTA 313 321 326 338 EU &EFTA 
us 558 594 634 683 us 
Japan 507 572 536 567 Japan 
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• 
1992 1993 
14.3% 13.6% 
4.3% 5.4% 
6.2% 4.4% 

52.5% 51.1% 
17.1% 16.5% 
30.9% 32.7% 
2.11% 2.50% 

324 344 
4.69% 5.42% 

719 748 

1991 . 1992 1993 1994 
1.62 1.51 1.67 1.69 
2.01 1.83 2.00 2.01 
2.56 2.28 2.48 2.49 
1.51 1.59 2.18 2.23 
2.13 1.97 2.09 2.08 
2.46 2.29 2.41 2.39 
0.57 0.61 0.70 0.69 
1.59 1.45 1.71 1.72 
1.13 1.13 1.37 1.32 
2.41 2.19 2.35 2.38 
2.43 2.24 2.62 2.68 
1.14 1.11 1.27 1.23 
1.10 1.00 1.14 1.07 
2.02 1.85 2.67 2.78 
2.37 2.34 2.42 2.47 
2.10 2.11 2.50 2.54 
1.93 1.84 2.07 2.07 
2.92 2.99 3.05 3.14 
2.20 2.28 1.86 1.94 
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1991 1992 1993 1994 
Austria 344 375 395 418 
Belgium/Luxemb. 287 310 324 343 
Denmark 354 385 407 430 
Finland 254 267 279 289 
France 342 362 386 417 
Germany 427 479 501 518 
Greece 109 113 127 141 
Ireland 310 325 336 351 
Italy 242 252 267 284 
Netherlands 364 382 398 422 
Norway 478 521 553 582 
Portugal 146 165 193 224 
Spain 204 207 213 224 
Sweden 507 528 538 550 
Switzerland 858 889 909 944 
UK 390 396 403 417 
EU &EFTA 339 361 378 397 
us 527 529 531 534 
Japan 503 533 566 585 

1991 1992 1993 1994 
Austria 635 678 721 760 
Belgium/Luxemb. 627 653 677 711 
Denmark 902 917 959 1,019 
Finland 566 553 583 613 
France 722 750 773 813 
Germany 845 914 935 964 
Greece 142 152 169 188 
Ireland 483 501 523 549 
Italy 436 460 470 490 
Netherlands 759 776 803 842 
Norway 994 1,024 1,089 1,149 
Portugal 214 246 275 309 
Spain 332 333 332 341 
Sweden 986 979 1,025 1,076 
Switzerland 1,545 1,590 1,608 1,673 
UK 704 719 748 787 
EU &EFTA 652 682 703 735 
us 1,086 1,124 1,165 1,217 
Japan 1,010 1,106 1,102 1,152 

1991 
Austria 1.91 
Belgium/Luxemb. 1.70 
Denmark 1.65 
Finland 1.23 
France 1.91 
Germany 2.51 
Greece 1.87 
Ireland 2.84 
Italy 1.40 
Netherlands 2.22 
Norway 2.25 
Portugal 2.45 
Spain 1.77 
Sweden 2.14 
Switzerland 2.95 
UK 2.61 
EU&EFTA 2.10 
us 2.76 
Japan 2.18 

1991 
Austria 3.53 
Belgium/Luxemb. 3.71 
Denmark 4.21 
Finland 2.74 
France 4.04 
Germany 4.97 
Greece 2.44 
Ireland 4.43 
Italy 2.53 
Netherlands 4.62 
Norway 4.68 
Portugal 3.58 
Spain 2.87 
Sweden 4.16 
Switzerland 5.32 
UK 4.72 
EU&EFTA 4.03 
us 5.68 
Japan 4.37 

1992 1993 
1.87 2.03 
1.65 1.84 
1.65 1.83 
1.49 2.01 
1.84 2.08 
2.52 2.78 
1.75 2.10 
2.68 3.07 
1.38 1.79 
2.12 2.31 
2.31 2.71 
2.27 2.97 
1.65 2.04 
2.17 2.95 
2.96 3.15 
2.58 2.92 
2.07 2.40 
2.66 2.56 
2.12 1.96 

1992 1993 
3.38 3.70 
3.48 3.84 
3.93 4.30 
3.07 4.19 
3.82 4.18 
4.82 5.20 
2.36 2.80 
4.13 4.77 
2.51 3.17 
4.31 4.66 
4.55 5.33 
3.37 4.24 
2.65 3.18 
4.02 5.63 
5.30 5.58 
4.69 5.42 
3.91 4.47 
5.65 5.61 
4.40 3.82 

1994 
2.06 
1.88 
1.82 
2.00 
2.19 
2.78 
2.10 
3.04 
1.82 
2.38 
2.75 
3.23 
2.05 
2.91 
3.20 
2.86 
2.42 
2.45 
2.00 

1994 
3.76 
3.89 
4.31 
4.23 
4.27 
5.17 
2.80 
4.76 
3.15 
4.76 
5.42 
4.45 
3.12 
5.69 
5.67 
5.40 
4.49 
5.59 
3.94 

Table 96 
Per Capita 
Telecommunications 
Expenditure, 
ECUs 

Table 97 
Telecommunications 
%GDP 

Table 98 
Per Capita ICT 
Expenditure, 
ECUs 

Table 99 
ICT% GDP 
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10. Price Dynamics
and End-User lssues

1O.1. Price Trends

In recent years, barriers to entry in the com-
puting industry have been reduced dramatically
because of changes in technology, as well as de-
velopments in market supply and production
infrastructures. A vicious price war in the PC
market has been taking place forsome time.This

competition has led to sharp reductions in the
street price of PCs both in Europe and the US.
Innovations are quickly incorporated into ma-
chines and price premiums last forthe shortest of
periods. This is illustrated in Tables 100 and I0l
and Figures I 3 to I 6.More recently, changes in the
pricing policies in the Japanese PC sectorsuggest
that a similar process may be gathering pace in
the previously insulated Japanese market which
has been dominated by proprietary machines.

Figure 13
Evolution of
US Average
Selling Prices for PCs,
I99I-1996

Table 100
Evolution of US
Average Selling Prices

for PCs, 1992-1996

5,000

4,500

Average selling price ($)

3,500

3,000

2,500

- 
8088/86

- 
80286
80386SX/SL

- 
80386DX

- 
80486SX

* 80486DX
Pentium

2,000

1,500

500

() :.,.
l99l 1992

,

i

1993 1994 1995 r996

8088/86 620 520 N/A N/A N/A
80286 7r0 570 N/A N/A N/A
8O386SX/SL 1,490 1,370 1.030 820 660

80386DX 1.990 1.350 N/A N/A N/A
80486SX 2.050 1.650 1.450 1.340 1,180

80486DX 3.100 2,370 2,180 1,960 1,670

Pentium NA/ 4.950 2-870 2.160 1.830
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Figure 14
Convergence of
Average Selling Prices

for 3865X PCs.
(US versus Europe),
r99r-1996

Figure 15
Convergence of
Average Selling Prices

for 486DX PCs
(US versus Europe),
1991-1996
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Figure I6
Evolution of
European Average
Selling Prices for PCs,
r99t-1996

Table l0I
Evolution of European
Average Selling Prices

for PCs, 1992-1996

At the moment, the situation in the PC
market is of particular interest. Price erosion
in the PC market is making PC systems more
affordable, not just hardware but total PC solu-
tions as the price of software and peripherals
drop.Not onlycan small businesses afford to buy
PCs butwith improvements in technology,wider
consumer acceptance is taking place which is
triggering a buying boom for home computers
in many countries. In the notebook market,
smaller, better, cheaper colour notebooks are

providing desktop performance at mainstream
prices. Sub-notebooks are already eroding the
full-size notebook market.

Developments in channels ofdistribution are

also helping price decreases. The sophistication
of distribution channels varies immensely be-
tween countries but direct selling of PCs is
declining in importance as indirect sales via
resellers becomes more important.

Average selling price ($)
8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

0

- 
8088/86&286

- 
80386SX/SL

'**- 80386DX

- 
80486SX
80486DX
Pentium

1991 1992 1993 t994 1995 r996

1992 t993 r994 1995 r996

8088/86 & 80286 1,156 738 569 N/A N/A
80386SX 1,864 1,428 1.080 888 783

80386DX 2,089 1.366 r.2t2 N/A N/A
80486SX 2,397 1,810 1,333 1.1 18 994

80486DX 3,141 2,374 1,913 1,504 1.255

Pentium NA/ 6.027 3.2s7 2.312 1.854
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Figure l7
Evolution of
Worldwide PC NIC
Average Sales Price,
r992-1998

Other IT products reflect the trend of large

reductions in prices as the marketmatures.In the
fast growing PC NIC market (part of the LAN
hardware market), unit sales are increasing
dramatically at present. In tandem, prices have

fallen in the order of 200/o in 1993 and a further
150/o in 1994.Unit sales are forecast to stabilizein
the near future. A consequence of this is likely to
be much less marked price falls. Figure 17 charts

the expected trend in PC NIC (Network Inter-
face Card) average sales prices until 1998.

Figure 18 charts the continuing decline in
the price of selected hard disk drives from 1987.

Not only are complete systems falling in price

but also the major components.

More fundamental changes may result from
the development ofmore complicated networks,
requiring entirely new approaches to pricing.
This is likely to be more true of software than
hardware and services. Technologies capable of
supporting infinitely flexible licensing schemes

are coming onto the market.

The IT industry has a diflicult balance to
achieve in the near future. Customers'require-
ments of (amongst other things) dependability,
flexibility, manageability and lower costs are

not necessarily compatible with the ability of
suppliers to remain in an aggressive market
where product differentiation - and hence higher
margins - are difficult to maintain.
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Figure l8
Evolution of
Average Prices for
Selected Hard Disk
Drives. 1987-1997

1O.2. End-user Markets

IDC conducts extensive end-user interviews
on an annual basis to betterunderstand demand-
side issues in the IT markets of the world. The
research is designed to provide a comprehensive
view of demand-side expectations regarding IS
spending behaviour, implementation plans and
acceptance of new technologies across all major
IT sectors. The research highlighted below was

carried out to identifu implementation strategies
in key areas such as client/server architectures,
high-bandwidth networks, use of Supernetwork
applications, use of Internet, Asynchronous
Transfer Mode (ATM) and ISDN.

Selected results from the surveys of Euro-
pean countries are given in the figures which
follow. In each case. the results are taken from
extensive telephone surveys performed in 1994.

Overall IT spending activity

Figure ,19 shows the results of responses to
the question,"Which ONE of the following five
statements best characterises your site's overall
IT spending activity of 19942: Our needs are
growing rapidly; we continue to invest heavily
in hardware. software and services: we have
about enough hardware capacity; we now are

investing mostly in software and services; we
have invested significantly in various stand-
alone products; we are now focused primarily
on developing our network capabilities; our IT
environment is basically stable, and we don't
anticipate major spending growth; our IT en-
vironment is contracting; spending will be flat
to down in subsequent years; don't know."

Reflecting recent economic fortunes, the UK
contrasts with the other three major IT markets.
Only a quarter of UK IT managers expect no
major growth or spending to be flatldown, in the
other three countries the proportion is nearer

US$
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Figure l9
Overall IT Spending
Activity, I994
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Figure 20
Attitudes towards
C lient/Server
Computing (o/o by site),
t994
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Figure 2l
Long-term Potential
Level of
High-bandwidth
Nenvorks, 1994

a half of respondents. Sixty percent of UK IT
managers either expected to increase hardware/
software/services or software and services.In the

other three economies, the proportion is in the
region of 35 to 400/0.

Attitu d e towards cl i e nUse rue r com p uti ng

Figure 20 shows the results ofthe responses to
the question, "Which one of the following state-

ments below best describes your site's attitude
towards so-called'client/server' computing?".
French ITusers are showing greatest momentum
in moving towards client/server computing
amongst the four biggest European IT markets.
Twenty-nine percent of respondents are either
moving or have moved towards client/server
computing in contrast to rates between 22 and
240/o in the other three main economies. In
Germany and the UK, almost twenty percent of
respondents are in the process of planning to

move towards client/server computing.

Potential of high-bandwidth networks

The results to the question, "There are cur-
rently some projects and pilot trials for High
Bandwidth'Multimegab its' Networks in Europe.
On a scale from 1 to 5 please rate the potential
of such projects to your organisation with 1 being
not important and 5 very important" are sum-
marised in Figure 2I. Italian and German re-

spondents believe that high bandwidth networks
have the greatest potential. In contrast, UK and

French respondents thought that high band-
width networks were of little importance in the
long-term.

Anticipated future supernetwork
applications

The results to the question "Which of the
following applications would you consider to
put on these 'supernetworks'?" are presented in
Figure 22.In France and Italy, the application
which is seen as being best able to benefit from
supernetworks is high speed data transfers.
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Figure 22
Anticipated Future
Supernework
Applications, 1994
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Figure 23
Anticipated
1994 Usage Level
of Internet

Almost half ofFrench respondents and a third of
Italian respondents would consider putting such
applications on a supernetwork. LAN intercon-
nection is seen as the second most appropriate
application for supernetwork use. More than
twenty percent of respondents in all four coun-
tries would consider using a supernetwork for
LAN interconnection. A quarter of UK and Ger-
man respondents don't know what applications
they would consider putting on a supernetwork.

Usage levels of lnternet

In response to the question, "On a scale of
1 to 5, please rate your site's expected 1994 use

of the Internet"with l being no use and 5 being
very heavy use, it appears that French and
Swedish IT users are greatest users of the Inter-
net, as Figure 2J shows.

However, take-up of the Internet is still
slow. Benelux and the UK appear to be the most
reluctant users. On a I to 5 rate, Benelux rated
1994 usage at 1.1 and the UK at 1.3.

Usage levels of
Asynchronous Transfer Mode (ATM)

Figure 24 summarises the responses to the
question, "On a scale of 1 to 5, please rate your
site's expected use ofATM in 1994", it would ap-
pear than the most ardent users are in Germany
and the UK. French and Benelux IT managers
have shown little interest in ATM to date.

Usage levels of ISDN

In response to the question,"On a scale of 1 to
5, please rate your site's expected use of ISDN in
1994,higher response rates were given than for
the other new technologies mentioned above.
Reflecting the fact that ISDN is a more mature
technology than these, Germany, Sweden, the
UK and France all showed relatively high scores.
Italy and Benelux lag somewhat behind, as

shown in Figure 25.
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Figure 24
Anticipated
1994 Usage lael
ofAsyndtronous
TransferMode
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11. Definitions 

The Statistical Section of the EITO is based 
upon a set of definitions and methodologies agreed 
between the EITO Task Force and /DC, and upon 
the European Community standards for trade 
statistics. These definitions are outlined below. 

Information technology 

For the purposes of this study information 
technology refers to the combined industries of 
hardware for office machines, data processing 
equipment, data communications equipment, of 
software and services. 

Information and communications 
technologies (ICT) 

For the purposes of this study information 
and communications technologies refers to in
formation technology plus telecommunications 
equipment and telecommunications services. 
All market values are in constant 1993 ECUs, 
therefore growth is expressed in local currencies 
(without the effects of changes in currency 
conversions). Trade data are reported in current 
ECU. 

Part I 

Domestic Markets 

Domestic Market Value is the revenue paid to 
primary vendors for office machines, DP sys
tems, software and/or services for sale into the 
distribution channels or to the final customer. 
For product-specific definitions, see other terms 
below. 

Unit Shipments are the unit measure of hard
ware product sales by vendors to all distribution 
channels or to end-users. Units are counted as 
they leave suppliers and are not double-counted 
in the case ofOEM relationships. 

IT user budgets are investigated in IT user 
surveys. As these measure purchase intentions 
and behaviours that vary according to different 
geographic and time parameters, growth rates of 
IT user budgets do not match with growth rates 
of market values. 

11.1. Information Technology 

11.1. 1. IT Hardware 

Computer hardware 

DP Systems include CPU(s) and basic pe
ripherals (e. g., data storage devices, terminals, 
memory and peripherals), as well as revenue for 
new systems added to the installed base. Multi
processor configurations are counted as single 
systems. 

Multi-user systems group all large, medium 
and small scale systems (i. e., all computer 
systems except personal computers and single
user workstations). Multiuser computers are 
typically multitasking, multiuser systems which 
support and are principally martketed to support 
two or more users. 

- Large scale systems are either large general 
purpose or high speed scientific computers 
with average system values generally in ex
cess of $ 1 million. Representative systems 
include IBM's 3090 and ES 9021s systems 
and their compatible and non-compatible 
competitors, as well as so called supercom
puters. Currently shipping models in this 
category typically support over 128 users in 
a commercial environment. 

- Medium scale systems, which include tradi
tional supermini class computers and some 
systems classified by their vendors as small 
mainframes, generally have average system 
prices ranging from $ 100,000 to $ 1 million. 
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Currently shipping models in this category 
typically support 33 to 128 users in a commer
cial environment. Representative systems 
include IBM's ES 9121,ES 9221 and high end 
AS/400s, the upper ranges of Digital's VAX 
series (including all 7000s and lOOOOs) and 
their competitors. 

- Small scale systems typically range from 
$ 10,000 to $ 100,000. Currently shipping 
models usually support 2 to 32 users in a com
mercia! environment. Small scale systems are 
also commonly used in automation, control 
and commercial processing environments 
and increasingly as network servers. Repre
sentative systems include lower range VAX 
systems from Digital (including VAX 4000 
and 3000, and application DEC 4XX); from 
IBM the low end AS/400 models and server/ 
multi-user configurations of the RS/6000; 
and low end multi-user microprocessor
based systems from Siemens Nixdorf, Olivetti, 
Bull,ICL,Altos,NCR,et al.Also included are 
high end commodity chip models specifically 
designed to function as multi-user systems, 
even if manufactured by vendors typically 
associated with the PC or workstation market 
(e. g., the Compaq Systempro or Sun Spare
server). 

Workstations: The category includes single
user workstations from the likes ofSun,Hewlett
Packard and Digital and PC RISC. 

Personal Computers (PCs) - are general 
purpose, single user, microprocessor based 
machines that are capable of supporting attached 
peripherals and can be programmed in a high 
level language. Board level products are ex
cluded. For microprocessor based systems that 
can support more than one user, IDC bases the 
distinction between a small scale system and a 
personal computer on the system's most com
mon configuration. If a system is designed as a 
server or is multi-microprocessor based, it is 
classified as a small scale system. 

Statistical Outlook 

- PCs - Portables: portable and transportable 
machines are included in this category, but 
electronic organisers (such as the Psion 
Organiser products) are not counted. Sub
categories acknowledged include AC-port
ables, battery operated laptops, notebooks 
and sub-notebooks. 

- PCs- Desktops: desktop and tower machines 
are included in this category, but dedicated 
games machines (such as Nintendo) are not 
included. 

PC Printers include models designed to be 
attached to PCs,not sold with the systems. These 
include dot matrix printers, thermal/thermal 
transfer printers, non-impact page printers, ink
jet printers and colour printers. 

Office equipment 

Office Equipment includes: 

Typewriters: mechanical, electric and 
electronic typewriters; 

Calculators: professional desktop, pocket 
and hand held models; 

Copiers: personal, digital, and colour copiers; 

Other office equipment: duplicating equip
ment (offsets, ink duplicators), cash registers and 
POS, document filing (microfilm, WORM opti
cal disks), other products (franking, addressing, 
labelling machines, mail handling systems, etc.). 

Data communications hardware 

Data Communications Hardware includes 
the LAN hardware and other data communica
tions equipment markets. 

LAN hardware is restricted to the hardware 
required to link multi-usersystems, PCs orwork
stations to a local area network; it does not in
clude software (e. g., specialised network oper
ation systems) or servers, which are counted in 
their respective software and system categories. 

419 

• 
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For this project, LAN connections that come 
bundled with a system and/or integrated on the 
mother board (e. g., Ethernet in workstations) 
are excluded to avoid double counting with the 
value of systems shipments. 

The LAN hardware category includes LAN 
interfaces, LAN concentrators, terminal servers, 
internetwork equipment, repeaters. 

- LAN interfaces: IDC tracks three categories: 
PC network interface cards (PC NICs), work
station network interfaces and multi-user in
terfaces. Value is normally assigned on a per
node basis and includes both new networks 
and nodes shipped into existing LANs. 

- Intelligent LAN concentrators: for this project 
are hardware devices that act as central points 
for star wiring for the nodes attached to the 
LAN and additionally provide network mana
gement functionality over the physical layer. 

- Term ina/ servers provide terminal connectiv
ity to the LAN. 

- Internetwork equipment includes bridges and 
routers. Bridges connect two networks, oper
ate at level 2 (data link) of the International 
Standards Organisation (ISO) Open System 
Interconnection (OSI) model and are proto
col-insensitive.Routers are devices that allow 
for multiple paths, providing two or more 
connections. They operate at Level 3 (net
work) ofthe ISO OS I model and are protocol
sensitive, which allows them to "intelligent
ly" decide how to route data. 

Other data communications hardware is for 
this project expressly limited to hardware and to 
the following categories, of which it will be the 
sum: modems, multiplexers,X.25 packet switch
ing equipment, digital switching equipment, 
frame relay equipment, BRI ISDN cards, com
munications processors and channel extenders. 

- Modems tracked by IDC are restricted to ana
log and short haul modems, segmented into 
dial-up and leased line segments and by speed 
(14.4, 16.8-19.2,1200,4800 and 9600 bps); not 
counted are fibre optic, satellite, pocket, or 
broad band modems or digital-over-voice 
(DOV) products. 

- Multiplexers are devices used to multiplex 
telecommunications circuits, using time
division and statistical time-division technol
ogy. IDC tracks seven market segments: 
time-division multiplexers, point to point 
T-1 TDMs, networking T-1 TDMs, T-3 multi
plexers (aggregates of28 DS-1 circuits), and 
statistical TDMs; not addressed are coaxial 
or frequency division multiplexers or digital 
access cross-connect systems. 

- Packet switching equl]Jmentincludes all packet 
switch nodes to route data packets via the 
most efficient available path and PADS 
(Packet assemblers/disassemblers) to conv
ert asynchronous and/ or synchronous data to 
the relevant protocol format (e. g., X.25). 

- Digital switching equipment includes matrix 
switches (designed to provide local and re
mote patching, switching and diagnostic 
functions, typically installed in data process
ing centres with two or more front-end 
processors) and data PBXs used to connect 
terminals to computer ports (increasingly ob
solescent due to competition from front-end 
processors and local area networks). 

- Communications processors are specialised 
and customised data communication devices 
that serve as nodal points for communica
tions between IBM compatible hosts and 
other nodes on a network. The classical com
munications processor was a front-end pro
cessor configured to function solely as the 
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interface between an SNA host and a cluster 
controller attached to 3270 terminals or PCs 
emulating terminals. Alternatives include 
remote processors configured as nodes in an 
SNA network and gateway processors con
figured to translate and/or route network 
protocols between SNA and non-SNA 
nodes. 

- Cluster Controllers are devices designed to 
control the 110 operations of a group of3270-
type devices, including displays and printers. 

- Channel extenders are devices that extend the 
distance over which an 110 channel on a 
single IBM mainframe can communicate with 
an IBM compatible peripheral or another 
IBM mainframe. 

The above computer, office, and data com
munications equipment definitions refer to what 
the EITO Task Force classifies as general-pur
pose products. This equipment can be used for a 
variety of applications in a variety of industries. 

In addition to these general purpose prod
ucts, information technology is also used in a 
wide range of application-specific devices. These 
include, but are not limited to: retail point-of
sale systems, automatic teller machines, credit 
authorisation terminals, smart-card readers, fac
tory data collection systems, numerical control
lers for manufacturing equipment, check pro
cessing equipment, computer assisted publish
ing systems, and specialised systems for the 
military, aerospace and other industries. Taken 
together these markets are significant. 

Readers should keep these definitional issues 
in mind when working with this volume and 
other statistical sources. Figures from IT com
panies, industry research firms and institutions, 
trade associations, and governments may well in
clude a mix of general purpose and application
specific equipment, complicating attempts to 
make direct comparisons with the published 
EITO figures. 

Statistical Outlook 

11.1.2. Software Products 

Software products are commercially available 
packaged programs for sale or lease from systems 
vendors and independent software vendors 
(ISVs), and does not include specially designed 
application software solutions added by turnkey 
systems houses to systems acquired from a hard
ware manufacturer or other third party. The pri
mary IDC categories are systems software and 
utilities, application tools, and application solu
tions. 

Also, for this project the software products 
category includes all revenue for packaged soft
ware, including fees partially earmarked for soft
ware maintenance, services and/or support. 

- Systems software and utilities are software 
programs designed (1) to operate hardware 
through basic operating systems and pro
gramming languages, increase the efficiency 
of systems personnel through system per
formance measurement tools, improve the 
operating capabilities ofthe hardware system 
by routing the flow of data among machine 
units and handle data entry and delivery, 
or (2) to ensure program integrity through 
maintenance and security programs, convert 
programs from one language to another, 
organise data resources through sort/merge 
products and monitor machine usage. Major 
components today include operating systems 
and extensions (e. g., MVS/ESA) and data 
centre management software, especially 
automated operations programs. Proprietary 
operating systems bundled with the hard
ware in the systems price are typically 
counted in systems revenue. In addition, pro
grams that allow users to retrieve, organise, 
manage and manipulate data and databases 
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are also included. Also included are decision 
support and executive information system 
(EIS) programs; spreadsheet programs; 
front-end and back-end case tools; and 
emerging areas like co-operative processing 
and/or object management application de
velopment tools. 

- Application solutions software includes pro
grams designed to provide packaged software 
solutions for specific problems inherent in 
an industry or a business function. Such soft
ware can address "Cross-industry" functions 
(e. g., accounting, human resource manage
ment, payroll, project management or word 
processing and other office activities) or spe
cific industry solutions for vertical markets 
(e. g., banking/financial, manufacturing, 
health care, oil and gas exploration, etc.). 

11.1.3. Services 

Professional services 

Professional services comprise procurements 
obtained on a customised or contractual basis for 
system and/or software development, systems 
design, integration, installation, related training/ 
education, facilities management and consulting 
services for information technology purposes 
only (i. e. management consulting services are 
not included). The primary professional services 
activities can be divided into six categories: 

- Requirements analysis, planning and strate
gy, as well as needs assessment for future IT 
services and equipment. It typically includes 
audits of hardware, software, personnel, 
security, work flow, etc. 

- Systems design represents the detailed de
ployment plans for the development of a 
coherent information technology systems 
out of set resources. 

- Contract programming and custom software 
development represents services (not prod
ucts) offered on a fixed-fee, cost-plus, or per 
diem basis for application design, develop
ment, integration, and documentation. 

- Systems and network implementation and 
integration includes physical systems inte
gration, migration, system installation, "glue
code", cabling, subsystems integration, tun
ing, testing, and "burn-in". 

- Management and administration constitutes 
charges for managing and administering a 
large services contract (e. g. project manage
ment for systems integration, or systems and/ 
or network operations in facilities manage
ment). It includes overhead costs not cap
tured elsewhere (e. g. human resources in a 
facilities management contract would be 
counted, but not the cost of system hardware 
or packaged software, which would be coun
tered in the proper market category). 

- Education and training includes course work 
and training (both on and off-site) related 1) 
to systems and/or network installation and/ 
or 2) to software and programming, except as 
provided for within a vendors service contract 
counted within software services above. 
Excluded from education and training are 
books and other published material and 
course work offered through public schools, 
colleges, universities and non-profit private 
institutions. 

These six categories of activity can be va
riously applied in a number of ways, including 
business process redesign, systems integration 
and facilities management contracts. Profession
al services as tracked by IDC does not however, 
include data processing that a vendor may resell 
from the client's site to a number of unrelated 
users at other sites, not does it include traditional 
time-sharing services or so-called processing 
services. 
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Processing services 

Processing services comprises bureau type 
services which can be classified under two fur
ther sub-headings; problem solving and trans
action processing. Problem solving covers the 
provision of charged time on systems providing 
access to computer software tools, models or 
applications. Transaction processing covers ac
cess to specific applications programmes with 
charges often based upon the number of trans
actions processed. 

Network services 

Network services are defined as chargeable 
value-added services, and comprise: managed 
network services, network processing services, 
network messaging services. E-mail, EDI and 
value-added transport services are typical ex
amples. 

Hardware maintenance 
and support services 

For the purpose of this study, they comprise 
the repairorreplacementofcomponents of com
puter systems hardware (including data commu
nications equipment, but not industry specific 
terminals like ATMs) and other hardware serv
ices, namely: disaster recovery, site planning, in
stallation and relocation. Maintenance revenue 
may be generated by on-site maintenance, time 
and materials, parts for self-maintenance and/or 
depot services, in each case on a service contract 
or non-contract basis. To avoid double-counting, 
for this project, support services specifically 
excludes all software support. 

Statistical Outlook , 

11.2. Telecommunications 

11.2.1. Telecommunication Equipment 

The market is classified according to the 
nature of the user: 

Customer Premises Equipment 

Includes all the equipment installed at tele
communications users premises: 

- PBXs (key systems and hybrid systems) pri
vate telecommunications switches used for 
switching incoming and outgoing calls. 

- Terminal equipment, (domestic and business) 
this segment includes phones, fax machines, 
telex, videotex terminals and related equip
ment. Mobile terminal devices are not in
cluded in this category. 

- Mobile equipment, (domestic and business) 
this segment includes mobile terminal de
vices: cordless phones and GSM handheld 
devices, car phones, CTx and DECT systems, 
pagers. Equipment used in the running of a 
public wireless network is not included. 

- Other Equipment this segment includes (do
mestic and business) private equipment not 
otherwise counted above: mainly answering 
machines, audioconferencing and videocon
ferencing equipment. 

Service Providing Equipment 

This segment includes all equipment used by 
carriers to provide voice/data network services. 

- Public Switching: local and junction switches, 
trunk switches, telex switches, data switches, 
cellular radio switches. 

- Transmission: multiplexers, microwave, 
cross connects, line terminals. 
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11.2.2. Telecommunication Services 

Voice network services 

This segment includes carrier service re
venues for residential, business, national and 
international voice services and service revenues 
from analogue, digital and telepoint mobile net
works (earphones and personal phones). 

Data network services 

This segment includes service revenues for 
the following categories: 

- Private Line Services, a private line is a fixed 
connection between two points. Private lines 
are leased to a single customer, and only the 
traffic of that customer can travel through the 
circuit. Tariffs are based on fixed price per 
distance segment. No time or traffic related 
charges are made. 

- Switched Data Services, this Segment includes 
service revenues from packet switched data 
networks (e.g. Transpac) circuit switched 
networks, value added networks (e. g. GElS), 
and ISDN services. 

Customer premises equipment 
installation & maintenance 

This segment includes all external instal
lation and maintenance spending on customer 
premises equipment. 

Part II 

11.3. Performance Measures 

11.3. 1. Trade statistics 

All trade statistics are presented in current 
ECU and are based upon official European 
Community data. Data for the US, Japan and 
EFTA countries is also based upon data held by 
the European Community, but in these cases the 
original source of the information is the appro
priate national statistical office. All conventions 
common in the presentation of such statistics 
have been observed. For a full treatment of this 
complex area readers are referred to the publi
cations of the Customs Cooperation Council and 
Eurostat. Data has been selected based upon 
standard sub-headings of the Combined No
menclature as listed below. 

The reported areas (or grouping of countries) 
are: intra-EU (imports/exports occurring be
tween a reporting country and a trading partner 
that are both within the EU), extra-EU (imports/ 
exports occurring between one reporting/ 
trading country in the European Union and 
one reporting/trading partner outside the EU), 
EFTA, US, Japan, 4 Tigers. 

Values of imports are generally stated at cus
toms value or by reference to the concept of cus
toms value (cit); exports are stated at the value of 
the goods at the place and time that they leave the 
statistical area of the exporting member state 
(fob). The focus of the following analysis is 
broad, embracing the European Community, the 
major EFTA states, the US and Japan. 

In reporting intra-EU trade it is usual to re
port the country of consignment as the source 
of the goods even where this differs from the 
country of origin. For extra-EU trade the source 
is generally reported as the country of origin. 
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List of import/export codes used 
to value IT and telecommunications 
hardware trade 
84.69 typewriters and wordprocessing 

machines 

84.70 calculators: 
calculating machines, accounting 
machines, cash registers, postage 
franking machines, ticket-issuing 
machines and similar machines, 
incorporating a calculating device 

84.43.12 offset printing machinery, sheet fed, 
office type, sheetsize = < 22 x 36 em 

84.71 DP equipment: 
Automatic data processing machines 
and units thereof; optical readers, 
machines for transcribing data 
onto data media in coded form, 
and machines for processing data 

84.72 "other" office equipment: 
printers, hectograph or stencil 
duplicating machines, addressing 
machines, automatic banknote 
dispensers, coin-sorting machines, 
coin-counting (or wrapping) 
machines, pencil sharpening 
machines, perforating or stapling 
machines 

84.73 parts for use with the machines of 
sub-headings 84.69-84.72 

90.09 photocopiers 

85.17 equipment used for line telephony/ 
telegraphy: 
telephone sets, apparatus for 
carrier-current line systems, 
telegraphy apparatus, faxes, 
weather map plotters 

85.20.20 telephone answering machines 
incorporating a sound device 

Statistical Outlook 

Please note: descriptions have been abbre
viated. Product codes have been stated to indi
cate the level at which data was collected for this 
exercise. Thus, 84.69 should be considered to in
clude all lower sub-headings below 84.69 readers 
interested in the full details of the trade classifi
cation are referred to the publications listed 
below. 

References 

1. Explanatory Notes to the Combined 
Nomenclature of the European Community, 
pub. Office for the Official Publications for the 
European Communities. 

2. Explanatory Notes to the CCC Harmon
ised System Nomenclature, pub. Customs Co
operation Council. 

11.3.2. Production 

Limited information is available for the 
correct evaluation of production, on the basis of 
the value added contribution of each country. 

An approximate relationship is therefore 
applied to compute production values: 

production= market value + exports - imports 

where market data is based upon IDC data, and 
trade data is based upon appropriately adjusted 
statistics. 

For IT and telecommunications hardware 
this relationship is relatively straight-forward 
to calculate, since data is readily available on 
both counts. For non-hardware items the lack of 
suitable trade data prevents a straight forward 
analysis. For these sectors, estimated trade/ 
production relationships have been used to 
complete the analysis. 
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11.3.3. Industry Leader's Market Share 

Market share statistics are based upon aggre
gations of IDC research, in order to illustrate 
structural issues within the market, whilst at 
the same time preserving confidentiality. For 
example, the figure reported for the leader's 
share of hardware market in a particular country 
is in fact an aggregate of the market shares of the 
individual leaders of each of the standard IDC 
hardware market sectors. 

11.3.4. Industry Concentration 

As for the industry leader's (sic) market share 
(see above), industry concentration is an aggre
gate market share statistic. In this case, the mar
ket positions of the top 10 vendors in each of 
IDC's primary categories are used to compute 
the degree of concentration. 

11.3.5. Inflation 

All forecasts and historical figures include in
flation and are stated in terms of local currency 
growth . 

11.3.6. Exchange Rates 

All market data and forecasts are presented in 
constant 1993 exchange rates. The exchange rates 
used for all except the East European markets are 
based upon the averages of daily rates for the in
dividual currencies on the Paris money markets, 
as reported by the OECD. 

For Eastern European research the peculiari
ties of that region have in the past dictated that 
research be carried out in a different fashion to 
that used for an established EU or EFTA market. 
A different treatment is still necessary for the 
former Soviet Union. In this case valuations con
tinue to be made relative to a set of initial dollar 
values for equivalent Western machines. These 
reference values are then discounted by a 
variable amount which reflects the systems age. 
Finally, data is converted into ECU using the 
appropriate $/ECU exchange rate. 

1993 ECU Exchange Rates 
(Units per ECU) 

Austria 

Belgium 

Denmark 

Finland 

France 

Germany 

Greece 

Ireland 

Italy 

Netherlands 

Norway 

Portugal 

Spain 

Sweden 

Switzerland 

UK 

USA 

)a pan 

Source: OECD 

13.62 

40.47 

7.59 

6.70 

6.63 

1.93 

268.31 

0.80 

1,840.34 

2.18 

8.30 

188.11 

148.99 

9.11 

1.73 

0.78 

1.17 

130.21 
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