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Preface

This is the first edition of the “European
Information Technology Observatory”. The
EITOis ajoint initiative by the EC-Commission,
EUROBIT, and the European trade fairs CeBIT
Hanover, SIMO Madrid and SMAU Milan. It
has been produced with the support of the Di-
rectorate-General for Information Technologies
and Industries and Telecommunications of the
Commission of the European Communities.

The project for a comprehensive overview of
the European market for the information tech-
nology industry coincides with fundamental
steps in the integration of Europe. The idea
originated from the President of SMAU, Enore
Deotto, and it has taken an exceptional effort
by the sponsoring organisations from both a
financial and a qualitative point of view to
produce this unique new compendium.

The European Information Technology
Observatory presents the most comprehensive
data available about the European information
technology (IT) market. This first edition of
the EITO describes and forecasts technological
trends in the IT industry and presents detailed
statistics about the full spectrum of market
developments. It contains special studies about
the European software market, the market
potentials in Eastern Europe and the scenario
for IT standardisation, and it analyses the en-
vironmental policies and requirements for the
European IT industry.

The EITO has been produced in close co-
operation with International Data Corporation.
IDC has provided all of the statistics as well as
major parts of the market analysis.

The European Information Technology
Observatory is a unique and indispensable
source of information in marketing and tech-
nology for European market players, users of
information technology hardware, software and
services, fortrade fair organisations and trade fair
visitors, for politicians, members of the Euro-
pean Commission and national government
representatives, for organisations involved in
R &D, standards and education relating to IT,
and last but not least, for the media.

Up-to-date and valid information plays an
increasingly important role in business and poli-
tical decision-making. With its comprehensive
resources of information in-depth, the EITO
aims to make its contribution to the further
economic and political integration of Europe.
The initiative will be continued in coming years
with annual editions of the EITO.

The EITO Sponsor Group
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Information Technology in Europe:

EC Commission’'s View

Michel Carpentier, Director General of DG XIII*

Like the steam engine of the industrial revo-
lution, and like labour of all times past, informa-
tion technology (IT) pervades wealth creation at
all stages of production - from design to manu-
facture and from conception to use. The value of
most products or processes becomes increasing-
ly dependent on their information content or
their information processing capacity, whether
this is information needed to apply the breaks
of a car safely, whether it is rapidly processed
information on the stock exchange or whether it
is a humble control of a washing machine. Infor-
mation technology is thus the engine that allows
intelligent use of information to optimise the use
of material, environment, energy and human
resources in all kinds of activities, social as well
as economic. IT is the generic technology “par
excellence”.

As well as being the object of an important
industry in its own right, the generic nature of IT
causes it to have an impact on all economic and
social activities - from leisure to the stock mar-
ket, from defense to manufacturing. The future
holds an increasing such dependence and the
most successful industries will be those that
best exploit it.

At the same time, the nature of the depend-
ence of industry on IT changes along with the
balance of the IT-related market forces. This
mutation is closely observed by the Commission
of the European Communities whose policy is
to adapt to the changing scene in a dynamic and
continuous manner.

Our perception of the industrial importance
of IT has changed drastically over the last ten years.
We started by looking at IT as either giving end

products directly
to the user,
whether these pro-
ducts were com-
puters, orsoftware,
or supplying with
electronic com-
ponents the IT industry itself. This was a “closed-
world” view of IT in which the profitability and
effectiveness of the IT industry was seen as more
important to the economy as a whole than the
use that was made of it. IT was relatively scarce
and the users, who had limited know-how and,
through relatively limited supplier choice, a
limited influence on the nature of IT, had solu-
tions largely imposed on them by the suppliers.

Information Technology:
A Period of Mutation?

Our changing view is due on the one hand
on the pervasiveness of IT and, on the other, of
an unprecedented acceleration of technological
development which has meant that small tem-
poral advantages have been amplified into dis-
proportionate advantages of market share not
only for IT but also for other products with a
significant IT content.

The relationship between suppliers and
users has changed towards one of added indirect
benefit in two ways: firstly, the benefit to the
economy of the efficient use of IT has overtaken
that of the profits from the supply. Secondly, the
incorporation of IT into the activities of other
industries has resulted in IT playing a greater
leveraging role than ever before, as well as a key
role for competitivity.

* Directorate-General
XIII “Information
Technologies and
Industries and Tele-
communications”
Commission of the
European Communities
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Users have become increasingly IT-literate.
In the process of becoming so, they realised the
importance of open systems and the need not to
be hostages of a single supplier for activities on
which their enterprises increasingly depended.
The response of technology to these demands
has, in our days, come to an interesting paradox,
entering an accelerating loop of technological
advance - demand - supply, while at the same
time becoming less profitable in its own right.

Partly induced by recession and partly indu-
ced by technological advance and the opening up
of systems, global profits of the IT industry have
fallen, together with prices, while the “IT power”
being supplied has gone up. Although the IT in-
dustry is poorer in cash, the world is richer in IT.
In terms of incorporation of IT in products and
services, we have real growth, indeed accelera-
tion, of the use of IT, and thus of IT influence on
overall industrial performance.

The ability of IT to embed itself into just
about everything is the second source of the
current mutations, one whose significance we
can see explode. Ability to embed gives leverage.
Consider cameras. The IT element in modern
cameras consists not only of the very advanced
CAD that has gone into their design, but also of
the very advanced electronics and intelligence
that is embedded into each individual camera.
The concentration of camera production away
from the countries in which photography ori-
ginated and is most widely used to those where
miniaturisation and IT embedding is most ad-
vanced provides a typical example of IT leverage.

In a world climate of diminishing growth,
indeed of recession in places, and of increased
competition companies vie for small advantages.
Even a small edge in a product can sweep the
market. The leverage effect of IT on industries,
such as cars, aerospace, television and mobile
communications, to name but a few, is here to
stay.

The convergence between IT and communi-
cations is expected to have an even more pro-
found impact on the economy and, especially,
society with the ability to combine complete
communication and personal information pro-
cessing systems on single portable units. The
advent of the mobile “personal communicator”
aswell as of the closest integration between com-
munication and information processing is likely
to influence more than anything our patterns of
work and leisure and have, in the process, also a
profound impact on the consumer market.

IT is becoming the main focus of attention in
avery different market from its original one. This
is the market of consumer electronics, from
entertainment to household goods. The volume
characteristics of the consumer electronics
market enable a substantial justification for the
development of IT and thus bear, indirectly,
much of the cost of its other uses.

Economical changes affect technological
change. As competition becomes fiercer the im-
portance of coming first with the right solutions
becomes paramount. Coming first with the right
LCD technology does not simply mean not to
have to import a costly component of, for
example, television sets - it means the ability
to have a television industry at all.

This interdependence favours mostly those
that have the ability to take a global view
beyond the interests of narrow industrial sectors.
Japanese companies have been able to achieve
this through a massive vertical integration of
individual companies as well as of industrial
conglomerates, coupled with a strong industrial
strategy. In Europe Japanese-style vertical inte-
gration and large industrial conglomerates have
not proved compatible with ourdiversity and free
competition. Instead, an important instrument
able to achieve the process of selection and
focalisation of effort where there is most lever-
age is an industrial policy, the key to the efficient
reinforcement of competitiveness.
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Information Technology in Europe:
Our Relative Position

The current competitive position of Japan did
not happen by chance, is not simply the result of
hard work and is certainly not due to a local
wealth of natural resources. A country poor in
raw materials, with a limited internal market and
workforce and with its trading partners far from
its shores has achieved its position through a
coherent and explicit industrial policy. It has
taken 20 years of commitment to reach its
current position. In the heart of this industrial
policy, there has been the will to lower resource
consumption and increase the high added-value
business, especially in and through information
technology.

The industrial policy in Japan consists mainly
of a package of tax incentives and publicly
supported cooperative research and develop-
ment (R & D) but, above all, it is expressed as a
conscious effort to achieve integration through
close coordination within coherent industrial
conglomerates (keiretsu). This coordination is
reflected in large cooperative R& D projects
carried out in either distributed fashion or in
state laboratories when they cannot be carried
out within single industrial conglomerates.

The US position in IT has been eroded by
the Japanese, especially in domains such as semi-
conductors where, to a large extent, it has been
following the decline in its manufacturing indus-
try. At the same time in other domains, such as
computer systems and packaged software, where
the presence of a large and homogeneous home
market plays a critical role in giving a valuable
lead time and where mass production is not the
key factor. IT in the US has been doing very well
indeed - US packaged software dominate the
world market, and the majority of IT equipment
world-wide uses US microprocessors.

It is now increasingly realised in the US that
anindustrial policy is needed forinternal reasons
and not only because Japan has had a successful
one for some times. The new US administration
has emphasized the need for a new technology
policy and has stressed the importance of high
technology industries. Following President
Clinton’s election, there is no longer any doubt
that a US technology policy will become reality
and that the support of civilian and industrial
R&D will be coordinated with the promotion
of advanced communications infrastructure,
technology transfer policy, education and train-
ing policy and a stronger trade policy.

Europe is at a cross-roads. Its competitive
position has declined from 1985 to 1991 with its
IT trade balance dropping from - 9.0 to - 27.2
billion ECU and with high technology account-
ing for less than one fifth (17%) of European ex-
ports, compared with 31% and 27% in the US and
Japan respectively. The factors behind this de-
cline have been identified in both Communica-
tions from the Commission to the Council and
the European Parliament entitled “The Euro-
pean Electronics and Information Technology
Industry - State of play, issues at stake and pro-
posals foraction” (April 1991) and “Research after
Maastricht: an assessment, a strategy” (April
1992). Regarding general technological strength,
the conclusions of these communications are
that there are strengths as well as weaknesses:
the key weakness being in integrating research
and technological development (R&TD) and
innovation in an overall strategy which both
exploits and orientates them.

The strength of Europe in IT lies in its con-
tinuing ability to innovate. This ability, however,
has translated itself to competitive advantage
in a relatively small number of IT sectors - of
which manufacturing and software are eminent
examples.
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- Software has evolved as an art or craft rather
than as a scientific or even engineering disci-
pline. This has meant that small companies
could engage in its development with relative-
ly small initial capital outlays. This has suited
the European economic structure and its
SMEs who flourished. At the same time, soft-
ware and the servicing of a complete systems
solution which is often associated with it, has
benefited from the need of local contact.

Current changes, however, are threatening this
position. Software is, of necessity becoming
more and more, an engineering discipline try-
ing to move away from a craft, in order to be
able to cope with the increasing pressure from
the market for complex and reliable systems.
A persistence on craft practices could spell
disaster, while the move to rigorous best prac-
tice is a global one and will occur rapidly lead-
ing the way to simpler practices to use middle-
ware. If competitivity is to be maintained,
Europe cannot persist on craft practices.

- Flexible manufacturing is a recognised
strength of European companies and it is inter-
esting to reflect on possible reasons for such
strength. One of them is indeed the diversity of
the European manufacturing scene and the
need to promote standardisation and inter-
working between automation products of
different manufacturers. Whereas a Japanese
company can provide advanced islands of
automation for a factory it is in Europe where
one would have to turn for the most flexible
and complete solutions allowing for communi-
cations between different kinds of processes
and different manufacturers’ equipment.
Community programmes have played a sig-
nificant role in this success and the coopera-
tion between suppliers and users of systems
in R&D in this area is an example to draw
inspiration from.

The weaknesses in IT as in other technologi-
cal sectors are a matter of strategy rather than
R & D weakness. In the field of microelectronics
we find, perhaps, the best examples of a weak-
ness which can be overcome:

- Even before the 80s, the European micro-
electronics industry started lagging behind in
some key microelectronic components. The
ensuing evolution in microelectronic tech-
nologies for digital systems has made it in-
creasingly difficult to catch up.

- Against the background of ever-shortening
product life-cycles, increasing financial com-
mitments for fabrication facilities, and more
punishing time-to-market schedules, com-
panies, now more than ever, have to decide
whether the cost of developing significant
expertise in design and fabrication is worth the
likely revenues. Chip users have an increasing
variety of available solutions and products
from a large network of suppliers and only
specialist companies can afford to compete.

- The high cost of R&D for advanced silicon
chip design and fabrication equipment and the
need to reduce time and costs has prompted
the formation of world-wide alliances, such as
the Siemens/IBM/Toshiba one, and has
prompted companies to focus and specialisc
so that alliances do not become the early steps
of take-over.

The trend is reversible - to reverse it a policy
for technological renewal is necded and, for the
success or failure of this policy, the dynamism
and commitment of industry is a crucial factor.
Strategic choices will have to be made and
for these choices the Community has a major
coordinating and catalytic role to play in close
cooperation and synergy with European indus-
trial players, large and small.

11
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The Role of Community Policy

Mutations in technology,and especiallyin the
relationship between technology, the market, the
economy and society generally must be reflected
in Community action to the extent that this is not
possible or cannot be carried out effectively at
the national level. The Community R& D pro-
grammes have been promulgated in the 80s to
bring about, through cooperation, the critical
mass of a truly European IT industry and to react
to the protectionism with which national govern-
ments have created “national champions”.

There is, today, a tendency to advocate the
passage from an excess of protectionism, which
can handicap companies, to an excess of de-
spondency and abandonment of action, whose
results can be just as bad. This tendency is more
often engendered by a non-critical view of the
evolution of the markets in the last couple of
decades and an incorrect tendency to extra-
polate. Tendencies can be reversed and, indeed, if
we read the causes of past decline correctly and
we see the direction in which Europe is moving,
there is every reason to believe that the trend will
reverse itself and industrial and Community
action takes place in a synergist manner.

On the one hand what is needed today is
for industry itself to take its responsibilities and
exploit the European capacity to innovate by
converting it to products and services. On the
other hand is needed a deliberate policy which
will allow the different technologies and skills
that are essential for growth in IT to come to-
gether. These technologies and skills which
make up systems, from components to applica-
tion software to communications, cannot all be
possessed by a single enterprise. It is not even
possible to encompass all these technologies and
skills within the territory of a single European
nation.

The role of the Community is thus to enable
diversity to be preserved while reacting to ini-
tiatives by industry who are clearly in the best
position to decide where their best investment
may lie. So far, Community policy has tended to
concentrate almost exclusively on the R&D
dimension and thus R & D has often been used as
the vehicle for industrial strategy. It is essential,
however, that R & D should be embedded as an
instrument amongst others of a broader indus-
trial policy,as explained in both communications
of the Commission on industrial policy and its
application to information and communications
technology industries.

Abroaderindustrial policy for IT would have,
of course, R&D policy as a major component.
Such policy will consist of a new generation of
R & D which guarantees on the one hand conti-
nuity of research and on the other hand an effort
on those technological priorities on which a
broad industrial base relies. At the same time,
deliberate measures would be essential to con-
tribute in stimulating demand forIT, in particular
through initiatives relative to trans-European
networks and standardization.

Besides the strengthening of the market,
standardization is a basic tool for the integration
and the cohesion of the European market, since
itis essential for guaranteeing hardware and soft-
ware compatibility and the interoperability of
equipment and services. European policy in IT
consists in providing the development and har-
monization of Open System Standards, in the
Community and at world level. The European
standards bodies CEN, CENELEC (European
Committee for Standardization, European Com-
mittee for Electrotechnical Standardization)
with the cooperation of EWOS (European Work-
shop for Open Systems) and ETSI (European
Telecommunications Standards Institute) that
the Commission mandates contribute to support
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the European Standardization Structure, which
takes into consideration International align-
ment. Faster standardization and integration of
standards into products now become the new
challenge to be faced, since products become
obsolete more and more rapidly.

Just as a broader industrial policy would
address R& D as an instrument of competitivity
in a global supply and demand context, and
R & D policy would have to look at a broader
environment in which it is carried out. The three
elements of this environment are above all
others and are explicitely mentioned in article
130G of the Maastricht Treaty as forming an
essential part of Community R & D programmes.
These are:

- co-operation with Third Countries,
- technology transfer and valorisation,
- human resources.

A fourth important element of the environ-
ment has to be taken into account: standard-
ization. Prenormative R & D programmes, such
as ESPRIT, RACE, AIM and DRIVE contribute
to the preparation and testing of new standards,
and feed the European standardization process.

The support for scientific, technological,
industrial and commercial cooperation in the
international arena can be a positive sum game.
This mainly applies to R&D away from the
market. Such cooperation,however,is predicated
on fair competition and a comparable capacity
to benefit from the results of cooperation.

If R&D is not transferred to the market
through being translated into innovative pro-
ducts and services or standards, then it becomes
a huge global overhead and can do more harm
than good if it only benefits one’s competitors.
In particular, a major problem in postwar Europe
has been the excellent quality of scientific and
basic technological research unmatched by an

equivalent innovation in the marketplace. In-
dustry and academy have been characterised
by a considerable divide and academic and
industrial researchers have not been commu-
nicating adequately either to inform of new de-
velopments or to advise of problems in need of
solutions. Dissemination of information has a
significant role to play, but the most important
means of technology transfer has been shown
to be through people themselves, essential to
the optimisation of R& D to market. Measures
to increase interaction between industry and
academy and users form, therefore, an essential
part of Community policy.

No R&D and no technological advance can
take place without the skills of a highly trained
workforce. Skill shortages are felt at all levels of
the production process. From the researchers
and innovative engineers through the tech-
nologically literate managers to the operatives of
modern manufacturing plants. The effort has to
start at the primary school and each European
country,aware of the problem, can attack it at the
national level. At the European level, a consider-
able amount of work needs to be done, especially
to ensure mobility, and for those skills that are
predicated on interdisciplinary and therefore of
the coming together of complementary skills
present in the member states, and in particular
for a new generation of researchers, system
engineers and managers of change.

Recognising R&D as one aspect, albeit an
important one, a broader technology policy can
have a major impact on the effectiveness of
Community funded R&D. Any Community
policy, to succeed, must be realistic and natural.

To be realistic, Community policy has to
recognise that spreading its resources too
broadly, though often a good way to promote
academic excellence, rarely contributes to break-
throughs that reach the market. The technologies
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of the twenty-first century do not come cheap.
Unless critical mass is achieved concurrently
in research, in the necessary human resources,
as well as in capital investment, we would be left
without these technologies.

At the same time, a Community policy must
be natural. A natural economy reflects the fact
that real wealth is earned the hard way through
manufacturing competence. The political, legal,
financial and service sectors are overheads.
However necessary, these overheads must not be
allowed to grow to a point of stifling real achieve-
ment and wealth creation.

Wealth creation being the objective of the
economy, innovation is the driving force behind
it. A vision of the future technologies is no longer
a luxury but a necessary anticipation, just as
necessary as the ability to manage change while it
happens. While Community economic policy
must emphasize manufacturing competence as
the cornerstone of growth, Community indus-
trial policy must emphasize key components;
speed to market and integration of quality with
volume production.

For innovation to turn into wealth, an addi-
tional factor is an appropriate economic and
financial environment. Contraryto the US where
technological innovation often originates in new
companies (start-ups), such companies are not
favoured by the European financial environment
and strategic actions have been mainly aligned
on the large and established ones. The key for
the success of a European technology policy
must be the encouragement of the emergence of
a healthy business environment favourable to
start-ups and small and medium size enterprises
(SMEs) generally. For the first time, the 4th
Framework Programme for R & TD proposes the
concept of a valorisation fund to permit ideas to
turn into products, with SMEs and start-ups as
the main direct beneficiaries.

The cost of capital is generally higher in
the Member States than in US and Japan. For
IT companies which expand about 20% of
their turnover for RDT and investment, such
differences create effective competitive dis-
advantages for European companies.

For R&D, an investment contributing to
wealth creation, key to a natural Community
policy is the resonance between such policy and
industrial needs. Key to such resonance is the
bottom-up approach of a policy which is ex-
pressed through a timely response to industrial
initiatives.

A realistic and natural Community policy
must respect the principle of subsidiarity.
Respect of the subsidiarity principle must be
reflected not only on the kind of cooperation pro-
moted but also on the specific technologies sup-
ported focussing on those where concentration
of effort and interdisciplinary are keys to success.
Unless subsidiarity is respected, the result is an
unnecessary bureaucracy and an overhead.

Community Action in ITR&D

Community action must be able to adapt to
changes, while at the same time ensuring a stable
long term environment for R & D. There are two
kinds of changes:

- Change in the relationship between technol-
ogies and the market.

- Change that results from advances in technol-
ogy: a particular technology showing promise
or even being the mainstay of industrial pro-
duction may become rapidly obsolete as a
result of either a breakthrough in a competing
technology or a change in user requirements.
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We are undergoing a major change of the first
kind through the evolution in the competitive
position of European industry and the increasing
role of information technology in the economy
and society. This change makes it essential to
refocus from Community R&D programmes
whose main aim was to foster European cooper-
ation and the achievement of critical mass, to
one aiming at well-focussed actions in areas
which are strategic for the long term interests
of Europe.

Inreorienting its activities, within the context
of a global policy, the Commission would take
into account the need to combine continuity and
novelty in its R & D programmes.

The continuity element relates to generic
long term research. This is essential to ensure
that the R& D that underpins industrial break-
throughs is fostered while at the same time
maintaining a healthy European community of
researchers. Continuity, however, must not
be confused with coverage which is too broad,
having a watercanning effect. R & D would need
to be focussed onto strategic areas selected for
theirlonger term industrial effects. Thus whereas
each individual area of R&D would be highly
focussed, the more upstream it is positioned,
the longer term its relevance. It is the chaining
of such action that ensures both continuity
and a more appropriate path for technology
transfer.

Continuity measures, however, must be
accompanied by a more flexible method of
organisation. Responsiveness, adaptiveness,
courage to stop what leads nowhere and start
what could not have been envisaged far from
being incompatible with continuity they are
essential for its survival.

Novelty is essential in the Community pro-
grammes themselves to ensure the timely ex-
ploitation of innovation opportunities. A first
step to a policy that combines continuity and
novelty is the identification of a relatively small
but key elements for the advancement of infor-
mation technology in the foreseeable future.
These thematic domains would provide a frame-
work within which all Community action would
have to be situated - a framework which, in itself
would have to be reactive and adjust to techno-
logical change. Such domains have been identi-
fied and would form the next framework of
Community R & D effort. Incorporated in these
domains is included R& D and standardisation
activities relating to CMOS components, RISC-
based microprocessors systems, advanced
microsystems, software best practices, high per-
formance computing and networking, advanced
display technologies, advanced network infra-
structures, including far distance learning and
information exchange, IT platforms for the
integration of manufacturing functions and
integrable advanced robotics systems.

Continuity measures take into account the
need to foster basic IT research of industrial
relevance in order to provide the scientific
knowledge and technological expertise needed
for underpinning industrial breakthroughs in IT
while at the same time providing the nursing
ground for future academic and industrial re-
searchers. Long term applied interdisciplinary
research projects, upstream from industrial
R&D will be undertaken while, characteristi-
cally, the nature of each project would be such as
to feed several application areas with opportuni-
ties for further development. The formation of
thematic networks of excellence would comple-
ment basic research activity by fostering stronger
links between industry and academia, ensuring
better training and technology transfer and pro-
viding a framework for coordination of R& D.
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Ina Community programme which is natural,
Community funded R & D should never be seen
as a purpose in its own right. Instead, cooperative
R & D is worthwhile only if it is completely inte-
grated with the mainline policy of the partici-
pating companies. If it is not then it is just an
unnecessary overhead.

The developments which are most strategic
to individual companies are not, for their most
part, carried out through cooperation, especially
when Community funds do not approach critical
mass. This has often meant missed opportunities
through lack of either adequate funding or
adequate complementary capabilities. At the
same time it has meant that cooperation and
Community funding have been applied to those
projects that have been considered by their
companies as less strategic. The reasons for the
reluctance of companies to place their strategic
R & D projects on a Community funded cooper-
ative basis are often easy to explain:

- Establishing cooperation is a timely and costly
procedure which often needs to be carried out
in complete confidentiality. Once established,
it needs to be carried out with lightning speed.
A cooperation agreement, once reached,
cannot always wait for the next call for pro-
posals to materialise, nor can industry be
expected to each cooperation agreements for
meaningfully strategic projects within the
deadlines imposed by individual calls.

The result is that Community funded R & D
has been restricted to the support of research
which is pre-competitive or prenormative, whilst
R &D which is closer to the market has been
avoided because this would only be worthwhile
if the commitment of European companies to
exploit its results were forthcoming. The lack
of commitment to exploitation associated with
projects which are not strategic thus results in
a vicious circle.

A way out of this vicious circle is offered by
the willingness to develop the new concept of
Priority Technology Projects (PTPs), which it
should be better to call focussed clusters: they
consist of clusters of projects focussed on the
achievement of R & D activities related to generic
technologies. These clusters of projects should
involve companies, in particular SMES, R& D
Centers and users. They would contribute to the
strengthening of vertical and horizontal partner-
ships between big companies and smallerones or
between technology advanced regions and less
advanced ones. As such, they should provide a
structural and cohesion tool.

Of course, the Community support of such
clusters is justified by the generic nature of the
R &D projects they represent. It cannot be a
support for the development of a marketable
product but for the development of a technology
that will influence many industries and not
favour an individual industrial sector. IT, by its
pervasive nature, is the battleground for many
such generic technologies and for that matter, is
likely to be the domain in which most focussed
clusters would be launched.

Of course, due to the very nature and im-
portance of such clusters, it is more important
than ever to ensure that the results of the R&D
end up being exploited in the marketplace.
For this the commitment of the proposing com-
panies is essential at the highest level, and this
must be accompanied by concrete action -a mere
declaration of interest in the results, cannot be
adequate. Concrete action can be expressed in
the form of visible joint ventures, commitment
of substantial funds for eventual production and
a single joint management of the project.

This new form of projects complements the
continuity measures in ensuring that the Com-
munity programmes act in a natural and catalytic
way, making it possible for partnerships to
emerge where there is genuine convergence
of economic interests.
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Transparent Community Action
Through Subsidiarity

Two aspects of Community action are essen-
tial, not only to comply with the current feeling
about Community action generally, but to be
able to cope efficiently and effectively with a
technology that evolves as rapidly as IT. These
aspects are transparency, which contributes to a
clear and coherent policy, and subsidiarity which
ensures that the overheads in coping with an
expensive technology are minimised.

Transparency implies a simplification of
procedures and the best way to ensure it is the
broader participation of the R&D community
in the planning process. The long-term plans of
the Community must be clear and well under-
stood. On a technological basis, a long-term

plan is essential: not a long-term plan of
R & D tasks, which would be self-defeating, but
a long-term plan of industrial objectives with
needs to be solved through R&D. Both the
objectives and the R& D needed to meet them
would need to be revised on a continuous and
independent basis.

The networking of the companies through
agreements or alliances, and of the industrial
and academic communities around long-term
technological goals is onec means of achieving a
long-term plan that emanates from the industry
itself and which is updated by those who carry
out the R & D themselves. The close cooperation
between the Community and the networks of
excellence already being set up achieve such
dynamic planning and coordination would be
further reinforced.



Information Technology in Europe:

The Industry’s View

Bruno Lamborghini, President of EUROBIT

1. As history quickens its pace and the world
searches for a new international order, the
European Information Technology Observatory
(EITO) comes into being at a delicate time.
Uncertainty and change dominate the inter-
national scenario.

Elimination of East-West barriers, pressure
of technological progress, market integration
and social growth have generated a series of end-
less transformations with highly visible repercus-
sions for the European integration process and
the growth of the IT industry. Many observers
say, Europe, as well as the computerindustry, has
been responding to a severe crisis, but perhaps
a transition to a profound change in growth
mechanisms would be a more appropriate term.

Although progress may have stalled, a single
Europe must be ourgoal. The integration process
has to proceed because most Europeans want a
united Europe and because this has become a
necessity for technology, business and markets.
How and when this goal should be achieved
requires consideration.

The same is true of the IT sector. The recent
difficulties experienced by the market and the
industry are related to the changes taking place
inthe sector’s growth mechanisms, not to a situa-
tion of maturity and structural decline.

The EITO intends to monitor closely these
market changes since information technology
has a strategic importance for Europe. By offer-
ing an opportunity to boost efficiency and
competitiveness and by improving services and

the quality of
life, information
technology can
provide valuable
support in gen-
erating integra-
tion and syn-
ergies within the FEuropean system. Closer
analysis of changes happening in Europe’s IT
industry and IT markets can therefore impact
beyond the IT sector itself. A better under-
standing of information technology in Europe
facilitates a better understanding of problems,
opportunities and prospects for Europe as a
whole. This is the contribution the EITO intends
to offer.

2. After recording annual growth rates of
more than 15% for most of the 80’s, the 1991-92
IT market expanded by just 3 to 4%, while a sharp
decline in the level of demand occurred for
hardware products. The recessionary '91-°92
economic cycle intensified the effect of restruc-
turing in the information technology sector
which includes computer systems, peripherals,
datacom products, hardware and software main-
tenance, and software and IT services. For
hardware products, strong growth gave way
to sharp decline in the level of demand.

A slow-down in demand caused by cyclical
trends is not the only change which presents it-
self for the industry. A series of structural factors
have transformed the actual economics of the
business. These widely discussed points need
only a brief outline.
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- Technological progress, which brings con-
tinuous improvements in price/performance
ratios. The downsizing phenomenon has spur-
red the development of a consumer market.
More than 25 million PCs were sold world-
wide in 1992 which represents a 25-fold in-
crease of installed world-wide processing ca-
pacity from 1983 to 1993. Today, not technology
but the user determines the market.

- The growing success of open systems based
on industry standards. This lies at the root of
the current computer “commoditisation” and
standardisation trends which have lowered
entry barriers and increased the number of
PC manufacturers. Competition therefore no
longer focuses only on technological innova-
tion but also on price and service.

- Alowerdegree of vertical integration, bringing
substantial structural changes. Segmentation
and specialisation in particular phases of the IT
added-value chain has strengthened suppliers
of basic components and hardware and soft-
ware technologies on the one hand and dis-
tribution and service units on the other;

- The barycentric shift from hardware to soft-
ware applications and services. In ’92 software
and services have accounted for an estimated
56% of the European IT market.

Although this is not a complete list of trans-
formations affecting the I'T sector, it does explain
two major trends. First the slow-down in demand
mentioned earlier and the extraordinary drop in
prices of many products, not just hardware, while
benefiting users, has eroded company profits.
The second concerns the growing differentiation
among the various segments comprising the IT
market.

Currently the information technology indus-
try does not function as a single market, but as a
number of markets co-existing where varied

products or services are sold under differing
conditions to users through various distribution
channels.

Some of these markets enjoy strong growth;
others decline. Price competitiveness remains a
decisive factor for some products, while functio-
nality is the key element for others. Competitor
rankings and company strengths also vary from
one market segment to another. With strong
pressure on profit margins, companies focus re-
sources on areas of excellence. Since IT presently
does not have a uniform global market and many
vendors do not have a high level of vertical inte-
gration, they tend to specialise and concentrate
on a particular niche in the added value chain.

3. These considerations suggest the IT indus-
try is undergoing a painful transition, but it still is
along way from the saturation point. The various
market segments differ in stages of growth -
some maturing, others still in their infancy. But
the next few years could stimulate economic
growth for IT with strategic economic benefits
for the entire European system. First, since the
economy and society proceed irrevocably to-
ward an information society model, huge areas
still exist where IT products and applications
have yet to be introduced.

A series of obstacles including unresolved
technical problems, product diversity and pro-
liferation of standards impede progress. Also the
discrepancy between rapid growth in hardware
capabilities and slower growth for software and
applications indicates the reluctance of users
already having equipment and programs to
change and innovate.

But despite these difficulties, computer utili-
sation will improve greatly in the not too distant
future. Two primary factors only partly depend-
ent on technological progress will probably
trigger this quantum leap. New network infra-
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structures will gradually expand and offer
broader services. Today, networks are limited,
both in geographic terms and in the types of
services and functions they provide. These large,
innovative network infrastructures make greater
integration possible and encourage new appli-
cations and new markets. Computerisation will
move into a new dimension.

The second factor relates to advances
achieved in mobile systems, which, combined
with the opportunities opened up by multimedia
technology, will stimulate development of
personal, global communication. This market
has not yet been clearly identified, but its poten-
tial carries enormous growth, because the IT
industry, telecommunications and consumer
electronics will converge and interact.

4. The European market presents many
special characteristics because forty different
nations speak about thirty languages. For many
years the two opposing blocks and market frag-
mentation were Europe’s weak points. The end
ofthe cold warand move toward the Single Euro-
pean Market have transformed the situation.
Today, a single large market is not just a vision.
But Europe is still beset by fragmentation. At
times, with exploding regional forces, the move
is to more fragmentation rather than toward in-
tegration. However, the tendencies are geared
to eliminate barriers and create one enlarged
European economy.

Being the largest and most divided of all
the world’s markets, Europe with differences in
language, culture, customs, economic regula-
tions and structures offers information technol-
ogy a unique challenge. Intelligent development
of computer networks and innovative infra-
structures will give fresh impetus to the market
integration process and create new growth
opportunities. The world regards the European
market as aleaderin IT applications and services.

It has high growth potential given European
integration requirements and the low level of
computerisation in Eastern Europe.

5. Many factors instill confidence in Euro-
pean IT market recovery. Nevertheless, current
changes create problems which can only be
overcome if action occurs simultaneously at
two levels:

- companies must concentrate on developing
appropriate strategic and operating responses;

- the European Commission and national gov-
ernments must define and implement correct
measures for market development.

Today, production levels in hardware, soft-
ware and services fail to keep pace. At the level
of demand, Western Europe accounts for 36% of
the world market, but in terms of production,
Europe’s share drops to 27%. Only 76% of
Europe’s demand is met by European produc-
tion (IT hardware, software, services, mainten-
ance and support). The percentage would drop
dramatically if only production from companies
headquartered in Europe was considered.

For hardware products, the share of Euro-
pean demand satisfied from European produc-
tion falls to 67%. Price competitiveness in hard-
ware production relates directly to efficient
manufacturing operations whose location allows
significantly lower labour costs and capital costs
besides other determining factors.

In software and services, Europe’s share of
world production nearly reaches its share of
world demand. The majority of software pro-
ducts and business services rely on relations with
the user and require production locations near
market outlets. Since software and services
account for a rising proportion of the European
IT market - more than 56% in 1992 compared
with 32-33% ten years ago - Europe’s share of
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world production may increase in the future. The
industry’s shift toward software and services
tends to strengthen Europe’s position.

But trade figures which refer chiefly to hard-
ware parts and products presented a heavy trade
deficit of ECU 20 billion in ’91, and preliminary
data indicate they worsened in '92. Companies
have responded to this difficult situation with
stringent cost controls, restructurings, factory
closures and reorganisation, job cuts and reloca-
tion of low-tech manufacturing to areas having
lower labour rates. At the same time, they con-
tinue to dedicate greaterresources to innovation,
to greater flexibility, to product development
cycles and to time-to-market. By gearing their
development and production toward specific
product areas, many companies have increased
distribution channels.

Adjusting to new market conditions incurs
more expense for companies having a higher
degree of vertical integration and a more com-
plex organisation. The smaller companies,begun
during the 80’s and unhampered by the need to
protect and serve an existing base, have found it
easier to convert to the new game rules.

Alliance strategies aimed at creating partner-
ships with companies both in and outside Europe
appear ready to play a crucial role in the future
IT industry. By forming a balanced network of
alliances, companies can build a global presence
and increase global production. Only company
partnerships linked through a balanced system
of alliances will possess all the necessary tech-
nological, economic, sectorial, cultural and local
skills to grasp opportunities emerging in the new
IT markets.

6. Correct strategic plans and operational de-
cisions do not ensure that European companies
will succeed in the current industry transitions.

Intelligent use must be made of economic and
industrial policy tools. These policies must be a
balanced mix of different instruments to invig-
orate demand and create opportunities for new
applications.

a) A new wave of investments would stimu-
late innovative pan-European infrastructure and
services. For some time, the European Commis-
sion has been discussing ways of encouraging
major investments in trans-European networks
and technological innovation particularly in the
IT sector. This would achieve these goals:

- revitalise the market unification process. To
develop the world’s largest IT market would
be a challenge for IT suppliers having complex
information flows to so many countries with
differing languages, regulations, etc;

- improve the quality of life for European citi-
Zens;

- provide new opportunities for IT companies in
Europe. New network infrastructures would
increase demand for IT products and services
and in addition, would reduce the time re-
quired to advance new phases in business and
personal computerisation.

A system of trans-European networks would
align European policy with that of the new U.S.
administration. President Clinton has clarified
his intent to support America’s high-tech indus-
tries through a massive program for the renewal
and improvement of infrastructures.

b) The European Community and the na-
tional governments must endorse principles of
free international competition under equal con-
ditions. The only favourable environment is an
open, not a protectionist one. The IT market
should be a truly global endeavour characterised
by a high level of international labour mobility.
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Therefore, the IT industry must have un-
limited access under fair trade conditions to any
market. Subsidies do not improve competitive-
ness. No industry relying on state subsidies can
compete at either a European or global level.

The following items must be stressed:

- At a time when competition is strongly cost
and price sensitive, free access to state-of-the
art semiconductors with prices identical to
those available to the U.S. or Japan is vital in
order for the European IT industry to be com-
petitive. This must be assured for recovery.

- A truly liberalised consumer market ensures
free competition. Since public procurement
accounts for more than one fifth of IT demand
in Europe, it has proved a valuable tool in en-
couraging development of innovative products
and services for IT infrastructure. Common,
open standards would also be accelerated and
defined. Although a highly effective industrial
policy tool, public procurement must not be
allowed to create market distortions or unfair
competition.

¢) In addition, government action should
focus on training and R&D policies:

- Training should be an area for urgent action.
The new U.S. administration considers train-
ing a top priority; Japan dedicates a huge vol-
ume of resources to training and produces
80,000 engineers a year, compared to 40,000 in
Germany and France. Sufficient training must
be provided for all European citizens in order
to achieve broader skills among providers of
IT products and services and users working
with these.

- Europe must also introduce new incentives for
technological research and innovation in the
corporate sector. Innovative capacity in general
and R&D capacity in particular will decide
success in the global competitive environment

of the 1990’s. Europe developed new tools in
the 80’s to support and promote corporate
cooperation in R&D. Not all were successful,
but they helped focus attention on innovation
and create new opportunities for cooperation.

Recently, Europe’s technological innovation
policy has declined. Lack of resources and wide-
spread reluctance to explore new possibilities
place constraints on national and EC initiatives.
This could mark an additional handicap for the
industry partly because a technically dynamic
environment stimulates development and be-
cause the U.S. will adopt industrial policy
measures to promote development and applica-
tion of technology.

d) Accelerating deregulation in European
telecommunications would heighten competi-
tion and encourage innovation. The break-up of
Europe’s traditional telecom monopolies would
dramatically impact IT growth, enlarging oppor-
tunities for new applications and services, reduc-
ing costs and encouraging greater integration
among computer and telecom services. New
businesses would emerge,and new partnerships/
alliances would modify the industry structure,
fostering new growth potential for IT companies
in Europe similar to the AT&T deregulation in
the United States. Many other industrial policy
instruments could provide intelligent support
without risk of creating a protected, non-compe-
titive market. The European Commission and
national governments have to play an important
role in promoting new growth and innovation in
the 1990’s.

7. EUROBIT, the European Association of
Manufacturers of Business Machines and Infor-
mation Technology, formed in 1974 as a feder-
ation of national associations which includes
almost 100% of European manufacturers,
strongly supports the development of a Euro-
pean industrial policy for the IT industry. This
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industrial policy has to use opportunities created
by the Single Market for favourable market con-
ditions and the environment to strengthen the IT
industry in Europe. EUROBIT must respond to
the challenges involving the political and eco-
nomic developments in Europe as well as the
structural changes in our industry world-wide.
Therefore, EUROBIT’s activities cover the
sensitive fields of economics and politics as well
as establishing specific industry positions for
all IT relevant issues.

EUROBIT supports the principles of a free
economy and private enterprise in Europe and
the world. From the very beginning, it attached
great importance to the GATT Uruguay Round
and has prepared various position papers re-
questing the world-wide abolition of all duties
on IT equipment and parts including electronic
components. Also priority is given to negotia-
tions on trade related aspects of intellectual
property rights, trade in services and trade
related investments. The latter, together with
negotiations on tariffs and non-tariff measures,
are subjects for further submissions.

On both European and international levels,
EUROBIT’s Industrial Policy Group (IPG) re-
flectsthe growing importance of industrial policy
in determining the framework for information
technology. With a broad range of responsibili-
ties in information technology, specific tele-
communication issues, and for institutions and
standards organisations, IPG and its activities
cover matters of harmonisation, liberalisation
and deregulation, in addition to community

initiatives and their effects on the internal mar-
ket. Special attention is given to technological
developments, and conformance testing and
certification.

These are onlyafewexamples of EUROBIT’s
widespread scope of activities which include
trade policy and customs matters as well as
export controls, IT security, standardisation, en-
vironmental achievement, statistics and market
research and many others.

8. In 1991-92 the European market and in-
dustry were hard hit by the crisis in the IT sector
and the outlook for 1993 is not bright. Europe is
now the most fiercely competitive area in the
computer business. Aggressive price wars and
weak or declining demand accelerate major and
costly restructurings. So far European companies
have not yet taken full advantage from the
Single Market. Nevertheless, the medium/long
term outlook is encouraging. Even though the
European integration process has slowed, it is
irreversible. And successful market unification is
closely linked to creating efficient, compatible
flows of information among various national
administrations, companies and institutions.

The Single European Market will be a source
of innovative IT application. By accelerating the
unification process, a new wave of investments
in advanced trans-European infrastructures will
improve the quality of life and create new
opportunities. Once again a catalyst for change,
the European IT industry welcomes the new
challenges for growth and global competition.
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The Current Information Technology
Situation and Perspectives in Europe

1. The European IT Market
in the Worldwide Scene

1.1. The Largest IT Market
in the World

The European Information and Communi-
cations Technology (ICT) business was worth
225 billion ECUs in 1992. Of this, 128 billion
ECUs (57%) was accounted for by Information
Technology (IT) as such - Office Equipment,
Electronic Data Processing Equipment, Soft-

ware and Services, Hardware Maintenance and
Support - and the remaining 97 billion by Tele-
communication Equipment and Services.

Unless otherwise stated, all of the market
figures and comments that follow refer to the
IT business. Europe is taken to be the combined
markets of the twelve EC and five EFTA coun-
tries: because of their still small size and the
relative lack of detailed segment information, the
Eastern European markets will not be included
in the European market totals and cross segment
comparisons.

1992 % of
Ir ICTE
Computer Hardware 47 37 21
z)fﬁce Equipment 13 10 6
Software 19 15 8
Services 34 27 15

m Maintenance and Support 14 11 6

Total IT 128 100 57
(Telecommunication Equipment 8 8
Telecommunication Services 79 35
Total ICT 225 100

Note: (*) Europe includes the 12 EC and 5 EFTA countries
(Switzerland, Austria, Sweden., Norway, Finland)

(**) It should be noted that all figures have been rounded
to the necarest billion ECUs at 1991 constant exchange
rates. Totals and percentages may not add up due Lo
rounding.

Total Value =225 Billion ECUs
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1.1.1. Europe as a Consumption Area

The importance of the European IT market
is mainly due to its relative weight in relation to
the world IT market: in 1992, Western Europe
accounted for 36% of total world consumption.

Europe represents the largest concentration
of people with high incomes who are prepared to
spend on IT products and services. Furthermore,
the level of saturation of the European I'T market
is significantly lower than in the US, leaving con-
siderable room for development over the next
ten years when the European market growth rate
is expected to exceed that of the US market.

When the European market is broken down
into the main country markets, it can be seen that
Germany accounts for23%, the French (17%) and
UK (16%) markets are more orless the same size,
and are followed by Italy (11%) and Spain (5%).
Growth rates in these last two countries are still
a little higher than those in France and the UK,
partly as a result of their higher rates of inflation.

The recession that has struck some EFTA
countries has led to a significant reduction in
growth rates since 1989, although this is expected
to improve.

The overall rate of growth for Europe in 1992
was 3%. It is expected that, as Europe gradually
comes out of the recession, the 1993 growth rate
will be about 4.3%.

Europe’s main asset is its demand capacity.
Whoever wants to do business over the next ten
years must be presentin Europe in order to take ad-
vantage of the combined potential of the market.

However, it is important not to underesti-
mate the particular characteristics of European
demand. First of all, demand is going through a
period of discontinuity (partially as a result of
structural factors, and partially as a result of

1992 1992 1994
Value % %

Western Europe 128 36 35
EC 110 31 30
EFTA 18 5 5
Eastern Europe 2 1 ]
us 124 35 35
Japan 6l 17 18
4 Tigers 4 1 i
Row 31 9 10
Total 351 100 100

Note: 4 Tigers = Hong Kong, South Korea, Singapore, Taiwan
RoW = Rest of World

Source: IDC

Total Value = 351 Billion ECUs

EFTA
5%

Eastern
Europe Q&
1%

._EC
D\ 31%

us
35%

Source: IDC
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Total Value =128 Billion ECUs

France
17%

N\ Germany
N\ 23%

Spain  Other BC

5% 13%
Source: IDC
1992 1992
Value %
EC 110 86
Germany 30 23
France 22 17
UK 20 16
Italy 14 11
Spain 7 5
Other EC 17 13
EFTA 18 14
Western Europe . 128 100
Source: IDC

the way in which general economic trends have
affected the IT market), and this has led to a
slowdown in growth rates overthe last two years.

In particular, the impact that the recession
affecting the entire continent has had on large-
scale investments has caused a certain instability
in demand. This impact is particularly significant
when we considerthat,in an increasingly service-
based economy, investments in IT products
and services represent a growing and frequently
determinant part of total investments.

It would be a big mistake to consider the
European IT market as globally uniform. Today,
the European IT market is more a conventional
conception consisting of the consolidation of
very different local country markets and a highly
fragmented segmentation in which different
products and services are sold under different
conditions to different users via different distri-
bution channels.

The real potential of the European market
will only be fulfilled when the evolution of this
heterogeneous multitude of local markets into a
true Single Market has been completed.

Another factoris that the new protagonism of
the users is changing the rules of the game which
the IT industry has been playing for years. Euro-
pean users are no longer interested in buying
simple technologies. Under pressure from an
economic recession which has obliged them to
struggle for competitiveness, they are increasing-
ly looking for business solutions - and they
expect to be able to measure the return on their
IT investments. The market is no longer supply,
but demand-driven; and the spread of open sys-
tems has given users a degree of liberty which is
breaking down the old proprietary barriers.

The market is becoming segmented into
numerous combinations of customer size, geo-
graphical divisions, industrial sectors, applica-
tion solutions and so on. It is not one market, but

Figure 3

Western European
IT Market

by Country 1992

Table 3

European IT Market

Consumption

by Region:
Percentage Break-
down Calculated on
Market Values.
Billion ECUs
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a large number of markets - some growing and
others declining.

Looking at overall average growth rates
covering that aggregate which is conventionally
defined as the European IT market may provide
only a relative understanding, unless it is broken
down into a more precise analysis of individual
segments and specific market niches.

1.1.2. Europe as a Trade
and Production Area

Production

When “system Europe” is considered as the
whole set of human and capital resources in-
volved in European-located operations (whether
or not the companies have their main headquar-
ters in Europe), total IT production in Europe
was worth about 83 billion ECUs in 1992. If
all production (hardware, software and services)
is taken into account, something like 76% of
the EC’s market value is covered by European
Production.

A very large part of IT hardware and base
system software is produced by American firms;
non-European players account for a much
smaller percentage of professional services
which are expected to represent one of the most
dynamic segments of the market over the next
few years. This, together with the production of
packaged PC system software and tools, makes
it reasonable to foresee that the value of these
activities will increase by more than the average
of the market, and it can be expected that
European production will soon contribute more
than its present 76%.

Although the internationalisation of the
European IT industry suggests that it may be
more correct to analyse the contribution of
European-based activities in terms of added
value, the lack of quantitative production infor-
mation at the various stages following the import
of basic components makes this impossible.

1992 Pro- Pro- Production
duction duction as % of
value breakdown market

IT Hardware 35 42 67

Software 7 9 45

Services 28 34 95

HW maintenance

and support 12 14 100

Total IT 33 100 76

Note: The most recent trade statistics used to estimate
production are only available for the EC

Source: IDC/Eurobit

1992 Production Market Production
value value  as % of

market (¥*)

Germany 10 15 71

France 7 10 68

UK 6 10 69

Italy 5 6 75

Spain 2 4 50

Ireland (*) 2 0 603

Other EC 2 7 31

Total 35 52 67

Note: The most recent trade statistics used to estimate
production are only available for the EC

(*) IT HW market value in Ireland
= 0.4 billion ECUs

(**) Production as % of market is measured
in non-rounded millions of ECUs

Source: IDC/Eurobit
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As described in Part Three - Statistical
Outlook - under “Definitions”, the best possible
estimate of this breakdown can only be obtained
by considering total production in a national
market in terms of the relationships between
domestic revenue, imports and exports.

For computer and office hardware, the avail-
ability of customs data makes it possible to
measure IT manufacturing strengths at country
level.

Accounting for about 93% of IT hardware,
production is more concentrated than the mar-
ket in the top five European countries. For histo-
rical reasons, different European and national in-
dustrial policies concerning plant localisations
and various forms and stages of industrialisation,
mean that the distribution of IT production in
these countries is far from being uniform.

Evolution of trade

European trade (that is, among the 12 EC
countries) is characterised by the dominance
of intra-European exports and an increasing
dependence on extra-European imports.

Trade dynamics can best be monitored in
relation to computer and office machinery. In
1992, the deficit of the European trade balance
was in the region of 17 billion ECUs; for the first
time for some years, both imports and exports
decreased (the latter to a lesser extent).

Extra-European imports have been increas-
ing over the past few years and now account for
almost half of total imports. The 4 Tigers (Hong
Kong, Taiwan, Singapore and South Korea) have
increased their share at the expense of both
Europe and the US.

This trend is at least partially due to the
progressive localisation of US vendor manu-
facturing facilities in Europe, which has led to a
decrease in imports from the US. In fact, having
attracted US players by means of financial and
fiscal incentives, the only European country with

1989 1990 1991 1992(*)

Imports 52 53 5T 57
% extra-EC 46 45 46 47
Exports 40 40 41 39
% intra-EC 70 70 69 68
Trade deficit 12 13 16 17

Note: (*) estimates for 1992 are based on year to date values
as of June 1992

(**) 12 EC countries

Source: IDC/Eurostat

1989 1990 1991 1992(*)

Imports 52 53 57 57
% intra-EC 7 54 55 54 53
% US 21 18 18 17
% Japan 2 12 13 13
% 4 Tigers 8 9 10 11
% Rest of World 5 6 6 6

Note: (*) estimates for 1992 are based on ycar to date values
as of June 1992

Source: IDC/Eurostat

a trade surplus is Ireland. Similarly, the progres-
sive gain in share of imports on the part of the
4 Tigers is related to the choice of some major
European vendors to transfer their manufactur-
ing facilities to these countries because of the
low labour costs.

The dependence of Europe on the US is
also evident when software and services are con-
sidered. There are no official trade statistics for
this business, but it is clear from the basically
local or European-focused structure of the seg-
ment that, although Europe has a significant
intra-European export position in professional
services and applications software, its depend-
ence on extra-European imports of system
software and software tools is increasing.
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1.2. Positioning
of the European IT Market

The positioning and potential of the Euro-
pean IT Market can only be objectively assessed
by considering its relationship to the IT scene
worldwide. It is therefore worth discussing vari-
ous factors related to the behaviour of the indus-
tryitselfand toitsrelationship with the economy.

1.2.1. Globalisation

The process of “globalisation” of the econo-
my in general is the result of the gradual con-
vergence of competitive rules, player coverage
and user demand towards a common set of
factors. This set defines a new “global” com-
petitive environment that is no longer character-
ised or influenced by national peculiarities or
boundaries.

The effect of the forces working towards the
globalisation of the IT market is not apparent
at first sight: Japanese companies currently
dominate the Japanese market, US companies
dominate the US market and, although Europe is
closest to representing a real competitive battle-
ground, it is primarily dominated by European
and US companies. In this sense, the IT business
cannot yet be considered as fully global -
although it is worth considering certain criteria
in greater detail.

Natural Sizing

“Natural sizing”is the process by which, over
time, any country’s share of worldwide IT busi-
ness is likely to gravitate towards that country’s
share of gross domestic product (GDP).

A convergence of this kind has taken place
overthe last ten years. In 1981, Europe accounted
for 45% of the OECD world’s GDP, but its share
of the world’s IT market was only 33%. At the
same time, the US accounted for 35% of the

world’s GDP but, because of its more rapid de-
velopment and market penetration, its share of
the world’s IT market was 49%. Japan’s GDP and
IT market shares were both about 14%.

By 1991, the share of GDP had fallen to 42%in
Europe and to 33% in the US; but the European
share of the IT market had grown to 40% (still a
little below its GDP share), while the American
share had dropped to 38% (closer to its GDP
share, but still above it).

In Japan, the significant increase in GDP
share (from 14% to 20%) was accompanied by a
smallerincrease in its IT share (from 14% to 18%),
which still has further room for growth.

Ideally, this phenomenon can be described by
plotting these relationships on a map comparing
the countries’ share of the IT business (the ver-
tical axis) with their share of non-agricultural
GDP (the horizontal axis). The tendential con-
vergence towards equilibrium is shown by the
positions in 1981 and 1991 of each country in
relation to the line bisecting the two axes (see
Figures 7 and 8).

As can be seen from the chart,in 1981, the EC
and EFTA countries were positioned under the
line, their share of the world’s IT market being
“undersized” in relation to their share of the
world’s GDP. Japan is on the line of equilibrium
between the two, while the “oversized” IT share
of the US places it above the line.

By 1991, both Europe and the US had moved
towards greater equilibrium (albeit in opposite
directions), while its increase in both GDP and
IT share had led Japan to move along the line
towards the right.
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Some differentiation must be made when
considering the major European countries. The
most saturated market is that of the UK, the
European market which (together with the most
IT-developed countries in the Scandinavian
region) has most felt the effects of the recession.
France is not [ar behind, its short-term growth
prospects being loweras its economy is currently
going through its negative peak cycle. Germany
has recovered a lot in terms of convergence, and
the integration of former East Germany offers
further room for development. The positions of
Italy and Spain still reflect the fact that they were
later in adopting new technologies and have a
lower I'T penetration rate. In particular, although
Italy’s share of both the IT market and GDP has
grown, the gap between the two remains the
same (a situation which is similar in the more
recently industrialised countries).

Extrapolation of these trends suggests that
Europe still has room for growth towards equi-
librium, and that the US risks losing further IT
market share.

In [act, there is a major difference in the eco-
nomic prospects of Europe and the US.Recovery
in Europe will be strengthened by two factors:
the process of market integration will generate
more demand and contribute towards a general
decrease in cost levels, making Europe more
competitive at an international level; the devel-
opment of Eastern European markets (whose
current I'T share is less than 1%) will lead to high
growth primary investments and improvements
in new technologies.

Ifthese two market factors exert their positive
effectsin the short term, it isreasonable to expect
that, like Japan, both IT and GDP shares will
grow: the European IT industry has more room
for growth than any other region in the world.

1981 1991
GDP% IT% GDP% IT%
Germany 10 6 10 8
France 9 0 7 6
UK i 6 6 6
Italy 6 3 7 4
Spain 3 1 3 )
EC 40 28 37 34
EFTA 5 5 5 6
uUs 35 49 33 38
Japan 14 14 20 18
Rest of OECD 6 4 5 5
Note: EC = the present 12 countries of the Community
have been considered for both 1981 and 1991
Germany includes former East Germany.
EFTA = Switzerland. Austria. Sweden, Norway. Finland.
OECD = EC + EFTA + US + Japan + Canada + Australia
+ New Zealand + lTurkey.

Souree: [DIC; OECD

Market segmentation

The IT market is really many markets in one.
As a result of the emergence of particular com-
petitive rules, economies of scale and demand
patterns fordifferent products and services, there
are many differences between one segment or
target and another. Consequently, the picture of
globalisation becomes mixed, expecially when
comparing the business related to IT hardware
and basic software products, and the business
related to particular software applications or
IT services.

Today, many products are global (¢. g. micro-
processors and personal computer operating
systems), but there are no global application soft-
ware providers and no global services industry -
this business remaining very local.
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Alliances

The process of globalisation also manifests
itself through equity alliances and partnerships
which contribute towards spreading new tech-
nologies and services across markets and types
of user. Depending on their objectives, different
kinds of alliances can be identified: alliances
made to broaden product market access, technol-
ogy alliances aimed at achieving R&D synergies
for common basic technologies, and alliances for
innovative offerings designed to enter new mar-
kets by providing integrated products/services.

Albeit to a greater or lesser extent, all of
them have global implications as their increasing
geographical coverage leads to an increasing
convergence in the market behaviour of the
players.

The rules of trade

The final way of looking at globalisation is in
terms of the currently prevailing trading environ-
ment.

In Europe, the prevailing attitude is in favour
of the liberalisation of the trading environment,
coupled with strong support for R&D coope-
ration and the standardisation of infrastructure
investments; both the US and Japanese trading
environments are characterised by aggressive
export policies. This approach may be counter-
vailed by the emergence of bilateral agreements
and managed trade between the US and Japan,
the two largest producing countries in the world.

A crucial role in setting and monitoring the
rules of trade in Europe is played by the policy of
the EC (Directorate General XIII for Informa-
tion Technologies and Industries, and Telecom-
munications). Over the past few years, DGXIII
has favoured joint R & D (through such projects
as ESPRIT, RACE and Telematics), the opening
of markets,cooperation among leading ICT com-
panies in high-cost basic technology develop-

ments, and the liberalisation of IT and public
telecommunications procurement. The overall
objective of its policy is to create a common
European ICT market where all players can
compete on an equal footing and have the same
awareness of market rules and user require-
ments.

This choice of a partially funded, but basically
indirect “hands-off” industrial policy towards
the European ICT industry (as compared with
the more inward-looking policies prevailing in
certain third country markets) is related to the
objective of strengthening European operators
by offering them equal opportunities and fair
competition in the markets where they operate.
The overall result is a widening of European IT
market boundaries, both geographically and in
terms of product integration.

1.2.2. Consolidation

Although there are clear signs of consolida-
tion in the IT industry, it is still difficult to assess
as there also exist countercyclical forces neutral-
ising the process.

Hardware

Consolidation is at work in such areas as
office products, low-end printers and personal
computers (PCs).

There are nowabout 1,500 PC brands current-
ly marketed around the world. This is a conse-
quence of the high margins policy of the first
entrants in the PC market, which created a broad
price umbrella under which newcomers could
easily find profitable business simply by over-
coming low technology-related entry barriers.
The standardisation of the PC offer and the con-
sequent development of price pressures have led
to highly price-sensitive purchase attitudes. This
will gradually eliminate the conditions that made
it possible for large numbers of relatively small
suppliers to survive on the market.
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Other changes in user attitudes are driving
the spread of distributed computing as a new
way of enabling information systems to manage
applications more flexibly. These have led to the
development of a new role for PCs and multi-
user systems. Together with Unix workstations
and PCs, large-scale systems are being turned
into commercial “server platforms”; it is likely
that medium and small-scale systems will be-
come more similar to network servers as they
continue to be repositioned, with low-cost
technologies and PC connectivity.

The process of shifting computer power to-
wards end-users, and the consequent reposition-
ing of traditional systems, is driven by three main
factors: the use of smaller networked platforms
is adding more users to the information system;
the application and processing demand of exist-
ing users is increasing; new applications are
being added to the system.

Electronic mail technology is gradually
evolving towards a PC LAN-based topology
which is destined to lead to a wide variety of
messaging technologies, once new applications
such as “workflow” software and conferencing
facilities are developed (and PC application soft-
ware features mail capability as a utility).

The integration of applications and databases
is likely to have profound effects in all vertical
markets. Computer integrated manufacturing
(CIM) is an interesting example in its support
for intercompany information flow, linking sup-
pliers, distributors and other channel partici-
pants. Greater user sensitivity to the advantages
of such systems (and the ability to use them), as
well as the upcoming supply of open architecture
software, will further encourage these develop-
ments.

These have led, both in Europe and in the
US, to some consolidation in the medium-scale
computers segment (which found themselves
being squeezed between PCs and the new lower-
priced mainframes), and in the mainframe or
large-scale systems segment, where only a few
of the original major players now have the appro-
priate economies of scale. An increasing number
of new players have been successfully approach-
ing the business of high-end systems, either in
market niches or in competition with traditional
suppliers, and so the total number of players in
this segment also remains relatively stable.

The overall impression is that the multi-user
systems business has already completed the
process of consolidation, but there remains the
key question of the opportunities that still exist
in the supply of standard basic chip technology.
A number of vendors use other manufacturers’
microprocessors at the core of their hardware
systems ; the more widespread the acceptance of
this basic technology,the higherthe return on the
development investments of the manufacturer.
The next few years are likely to see a tough test
taking place as to how feasible it may be to dif-
ferentiate standard core technologies in order to
gain access to the market with premium prices.
A few players would be clearly successful, and
the same sort of selection as the one occurring
in the PC business is expected.

Software

An apparent consolidation of the software
area has taken place, leading to the predomi-
nance of the large suppliers of systems/utilities
and tools. But it is being driven by two divergent
economic processes : software development con-
tinues to reap no benefits in terms of economies
of scale and is generally still best done by a small
groups, but the marketing and selling of software
is much more economic when done by large
organisations.
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This type of tension is not unusual. The
publishing, TV and record industries make use
of relatively independent authors and/or pro-
duction functions, but market their products
through larger scale entities; and this might pro-
vide a useful model for the PC software market
in the long term.

As in other sectors of the economy, the
number of developers and engineers producing
and authoring software could increase rapidly as
a result of the increasing availability of object-
oriented technology facilitating software devel-
opment on the part of independent developers
and the existence of low-cost skilled labour
(especially in the Eastern markets).

As software and services now represent more
than 50% of'the total market, reference is made to
the separate section that has been dedicated to it
in this volume.

Services

Services are also characterised by counter-
vailing trends, in terms of business size and in
terms of the type of services offered.

Growth in the demand for global services is
countervailed by significant diseconomies in
supply, thus making it possible for many small
businesses to survive at a local level. This
explains why the existence of global accounting
or consulting companies doesn’t preclude the
long-term existence of a large number of local
companies.

The emergence of an external supply of
services which users have traditionally carried
out internally, or which are required after the
adoption of new technologies (the design and
planning of Information Systems, network inte-
gration and management, multiple hardware
maintenance), is countervailed by a decline in
traditional services (data processing).

1.3. The Peculiarity
of the European IT Market

The current worldwide picture of the IT in-
dustry shows that globalisation is at work (albeit
as a result of different forces) and that consolida-
tion is under way in selected segments.

The European IT market stands out as the
largest market with clear growth potential and
with the most qualified and sophisticated user
community, making it the real battleground for
ongoing consolidation.

It is this which lies at the basis of the peculiar-
ity of the European IT Market. Despite its size
and growth potential, Europe is currently facing
a period of discontinuity in the process of
globalisation due to factors which go beyond
the general economic recession.

This means that IT vendors interested in
operating on the European market must learn
how to deal with the discontinuity and instability
of European demand; learn how to operate in a
multiplicity of national markets, segments and
niches moving at different speeds (because the
Single European Market is still in the process of
completion); and understand that the European
market is no longer technologically driven, but
demand pulled.

The key success factor in this variegated mul-
tiplicity of sub-markets consists in the ability to
understand the specific application needs of the
users and the control of the expertise necessary
to satisfy them.
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2.1. Recent Trends
and the Current Market Situation

As indicated in Chapter 1, Europe is already
the largest potential IT market in the world.
However, after having experienced growth rates
during the second half of the 1980s which were
significantly higher than those of the US market,
annual growth suddenly started to fall in 1990
and dropped to 3% in 1992.

1989 1990 1991 1992
14.8% 89% 43% 3.0% 4.3% 6.8%

1993 (E) 1994 (E)

Source: EITO/1DC

Despite this apparent setback, Europe will re-
main the largest area of IT business opportunity
over the next 10 years because of the size of its
potential IT purchasing population. It is there-
fore necessary 1o understand the causes of this
discontinuity in growth, and identify which of
them are the result of the general slowdown in
the European economy and which are a reflec-
tion of structural changes in the IT sector.

2.2. Growth by Country

1992 1992 1993 1994

Value % % %
EC 110 34 43 67
Germany 30 47 55 6.5
France 22 1.6 20 57
UK 20 12 29 58
Italy 14 46 42 56
Spain 7 53 59 838
Other EC 17 47 62 94
EFTA 18 07 41 74
Western Europe 128 3.0 43 6.8

Source: EITO/IDC

The future of the European IT market is
largely related to the evolution of Germany’s
IT market (which represents about 30% of po-
tential European demand). The reason forsuch a
large market is that Germany is a country where
automation and technology have been viewed
positively for a long time. Reunification and the
opening up of the Eastern European market
provide a number of opportunities for growth.
Germany’s great strength lies more in process
innovation than in product innovation. It is
particularly strong in design, CIM and other
industrial applications for the chemical, engi-
neering and automotive industries.

In 1992, the UK started to show some signs of
recovery from the worst crisis that it has ever
gone through. Despite continuing economic un-
certainty, it is still a highly competitive market
and growth should begin to pick up further.

The recession which has already been affect-
ing the UK for some time, hit France a little later
- consequently, growth in 1993 (2%) is not ex-
pected to be much higher than in 1992 (1.6%).
Other factors affecting growth are close Govern-
ment control over the economy and the same
cautiousness in user attitudes existing in other
countries.

Italy will not recover from the problems
currently afflicting it until 1994, when the effects
of Government measures should begin to be felt.
Furthermore, because of its urgent need to reach
the economic levels required for entry into the
EC’s unified market on an equal footing with the
other countries, State and local government
spending (as well as cost cutting) will be con-
trolled.

Spain’s growth is partly a reflection of its rate
of inflation, but it is also true that its existing low
per capita expenditure on IT makes it a country
offering a great opportunity to the industry.
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2.3. Products and Vertical Markets

A betteridea of what is happening can be ob-
tained by breaking down the market into product
segments. The most significant factor is that the
hardware sector (both office and EDP systems) is
suffering more than the software and services
sectors.

Large-scale systems were most affected be-
tween 1990 and 1991. Their 10% negative growth
rate was mainly due to the impact of the reces-
sion on the propensity of users to invest in large-
scale capital assets. The slight improvement in
1992 is a reflection of the success of top vendors
in selling technologically updated product fami-
lies which have been welcomed quite well in
some countries, although the general picture is
still far from positive.

1992 1992 1993

Value % %
Multiuser systems 19 -56 -39
Personal computers 18 - 172 2.8
Workstations 2 10.9 169
PC printers 5 7.0 6.2
Office equipment 13 2.5 2.2
Data Communication
hardware 3 72 39
Total hardware 60 -23 1.5
Software 19 11.0 9.2
Services 34 8.8 7.4
HW maintenance
and support 14 3.7 1.9
Total 128 3.0 4.3

Source: EITO/IDC

Figure 9

Western European
IT Market

Value Growth

by Country

Table 11

Western European
IT Market Growth by
Product Segment.
Billion ECUs



Figure 10

Western European
IT Market

by Product 1992

Figure 11

Western European

1T Market by
Vertical Marker 1992

Part One

The Current Information Technology
Situation and Perspectives in Europe

Total Value = 128 Billion ECUs

HW Maintenance
& Support

IT Hardware

Services
27%

Software

. 15%
Source: IDC

Other Services
10%

Manu-
facturing Public
37% Sector

\ 21%

Retail/
Wholesale

. 10%
Banking
16% [nsurance
6%
Source: IDC

The situation is potentially darker for me-
dium-sized systems, whose negative growth rate
doubled in 1992. These systems find themselves
squeezed between mainframes and inexpensive

small open systems. At the same time, because
they are frequently mission critical for the com-
panies which use them, there is an understand-
able resistance against their replacement - a
trend which is particularly acute among the
medium-small sized enterprises which tend to
be predominant in Europe.

Small-scale systems are beginning to {eel the
squeeze, but their situation is reasonably stable
and the demand for Unix-based systems is still
strong.

The personal computer segment is a case in
itself because, although the current price war has
led to negative growth rates in terms of value
(- 7% in 1992), sales volumes have continued
to increase.

As far as workstations are concerned, the
rapid spread of RISC-based architectures and
standard operating systems have eroded prices.
Market value is still growing al a two-figure rate,
but far more slowly than before. This is not a
commodity market: price is not yet a critical
factor, and perceived value and ease of use of
the configurated system are far more important
than raw hardware performance.

In response to changing needs in document
creation, the office systems business is restructur-
ing its supply mix. Decreases in the business of
mature technologies (such as typewrilers) are
being compensated for by the development of
innovative products (colour copiers, document
management systems, etc.), and by the pro-
longed life-cycle of traditional products as a con-
sequence of public regulations (cash rcgisters
in Italy).

Despite their more sustained performance,
software products and professional services have
grown significantly less than in previous years.

Expenditure by vertical markets is shown
in Figure I1.
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2.4.The Marketin aTransition Phase:
Drivers of Transformation

The current restructuring of the traditional
IT industry will lead to the emergence of a new
equilibrium and new purchasing patterns on the
part of the average European IT user as a result
of the combined effects of:

- technology;
- the recession;
- price wars;
- the development of services;
- third parties;
- user challenges.
Technology

There is a move away from centralised sys-
tems and towards hierarchical environments and
distributed processing. Traditional mainframes
are becoming super servers, and both organisa-
tions and Information Systems (IS) are network-
ing. Downsizing (the move towards new applica-
tions on configurations of microcomputers and
LANSs to take advantage of cost reductions and
supplied capacity) is well advanced.

The recession

The selective impact of the recession on
the propensity to invest in capital assets has had
different effects on the various target-markets,
slowing down or postponing purchasing deci-
sions mainly in relation to high-end multiuser
systems.

Price wars

The effects of price wars on products based
on standard core technologies are well under-
stood. In these segments, players are reduced
to the role of “price-takers” as it becomes in-

creasingly difficult for them to set premium
prices (and margins) through the differentiation
of almost commodity-type offerings.

In the PC segment, price competition has
lowered price levels so much that most users are
no longer prepared to pay the premiums for a
known brand of product that they would have
paid up until two years ago. However, there are
emerging signs of a reduction in the pressure
on prices.

The development of services

Just asthe European IT market has shifted to-
wards focussing more on services and solutions,
so the European IT industry is moving towards
services based on consulting and systems inte-
gration.Overall, this meansrelative growth in the
services market and a relative contraction in the
hardware market.

Third parties

The development of services is coupled with
the emergence of increasingly specific demand
patterns which, although varying by vertical mar-
ket, application, region and size of operations,
have strengthened the position of third party
players who provide different types of solutions
for different sizes of users. These may be:

- software houses and top consultancy com-
panies addressing large account Information
System planning and integration needs, either
in competition orin partnership with the direct
sales force of traditional system suppliers;

- value added resellers and integrators working
for medium-sized accounts with specific niche
applications or specific vertical markets where,
despite increasing price-competition, they can
still successfully compete by leveraging on the
users’ historical perception of their good track
record in providing solutions and services;
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- dealers and platform resellers operating at the
level of small accounts, but also addressing
desktop users within large organisations by
means of price-competitive oflerings, and
competing with the leading traditional PC
channels via the use of new distribution tech-
niques (such as telemarketing, catalogues or
franchising).

Depending on their core business, these
players may leverage on either margins or vol-
ume and can benefit from the generally greater
{lexibility of their organisations. In comparison
with the top systems players, they are commonly
characterised by:

- greater dependence on bundled-in core tech-
nology;

- greater dependence on vocational target mar-
kets and installed bases;

- greater dependence on the quality and skills
of in-house programmers and consultants;

- greater financial exposure.

On the one hand, this positioning allows the
strongest third parties to gain market share at the
expense of traditional systems suppliers: on the
other, weaker third parties have to seek distribu-
tion agreements with leading market players.

User challenges

User challenges relate to the lack of real inte-
gration in ICT usage. Despite enormous invest-
ments, user companies have no real central con-
trol overthe individual elements making up their
network orits related costs. Although legitimate
professional requirements have been met, IT
applications are installed and used within the
overall topology of an organisation’s Informa-
tion System, as if they were still separate islands
in a single archipelago.

This has led to a new perception of IT invest-
ment on the part of company managements. In
the past, IT purchases led to a marked improve-
ment in efficiency and IT was financed as a top
priority investment. Now, the existence of a
number of separate IT-intensive islands makes it
difficult for the users to turn this long-dated
investment into a strategic asset enabling an
eflective (and no longer merely efficient) infor-
mation flow throughout the organisation.

The new challenge for many IT departments
is that of restoring management confidence in
their I'T assets within the context of new organ-
isational requirements and a new perception of
IT, which is now being increasingly considered
more as a profit/competitive edge generator than
a simple cost centre.

3. Evolving User Needs
3.1.IT Challenges of European Users

Asurvey ol asample of 3,600 users in France,
Germany and the UK carried outin Autumn 1991
revealed that the IT industry has to satisfy three
major user requirements:

- technological updating, because this allows
user companies to be more efficient;

- the integration of central and end-user re-
sources, which requires a shift to an integrated
vision of company information infrastructures
(that is, a push towards greater effectiveness);

- cost control.
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The order of priority varied according to the
different types of response offered by the dif-
ferent operating environments. The need for
integration was considered more important in
traditionally strong proprietary mainframe en-
vironments, in environments where the weight
of networks is high and in open UNIX environ-
ments, than among small-medium scale users
with proprietary minicomputers running their
mission-critical applications. A greater propen-
sity to migrate was shown by almost all non-IBM
and non-UNIX users.

3.2. Towards A New Computing
Approach

Important changes are underway in comput-
ing. This is prompting a move from the old world
of hierarchical architectures hanging on a single
mainframe, to a new age of interoperability and
cooperative processing across heterogeneous
systems and networks.

However, technological evolution cannot
be considered in isolation, as if it were an in-
dependent variable. It needs to be seen in terms
of a reaction or response to the requirements of
new user-company structures and new types of
management responsibility.

Particularly in these years of mergers and
acquisitions, it is highly probable that one com-
pany buys another which may not integrate at all
with its existing computer/information require-
ment; and this requires an ability to manage
underlying organisational heterogeneity from
the point of view of Management Information
System (MIS) management.

Controlling Costs
27%

Integration o
of Central Retaining
High
and End- D
user Re- y

Staff
T%
Other

A 3%

sources
31%

Migration to More
Modern Platforms
32%

Source: IDC

Management responsibilities are changing.
In the past, it was usual to consider business
activities in terms of traditional functional divi-
sions (sales, marketing and finance); the new
approach is based on an overall vision of proces-
ses which cut across these traditional divisions
and generally involve selected elements from
each of them. To be effective and reactive, these
processes have to rely upon information and
decision-making tools that come from a hetero-
geneous independent environment.

Quite clearly, information management must
contribute towards an organisation’s need to
unite all of these individual elements into a com-
plete whole and to ensure prompt and effective
communication between all of its parts.

Figure 12

Key Information
Systems Users
Challenges for 1992
in Europe
(Germany, France
and the UK)
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3.3. A Basically Integrated
Environment

This is a question which goes beyond the
integration ol information systems and involves
integration at all levels (organisation, applica-
tions and finance). This kind of integration
cannot be guaranteed by the scarce resources
that a company has available internally. The
move towards interoperability and integration
means making decisions on how to go [rom
COBOL coding and proven, mission-critical but
difficult to re-engineer applications, to open
system platforms, open interfaces and portable
distributed applications. It is this challenge
which requires new expertise and resources
probably external to the company.

Furthermore, the role of MIS management
can no longer be considered as simply tech-
nologically oriented: it needs to be seen as an
essential element of integration - and this is true
for any kind of organisation, however developed
the MIS function may be.

4. The Response of the IT Industry

4.1. Restructuring and the Search
for New Business Models

How will the IT industry respond to the
challenge of IT users, who want vendors to
supply systems, solutions and services which
effectively meet their business requirements for
integration at all levels? The response of the IT
industry reflects two different types of process.

4.2.Polarisation and New Integration
Polarisation

Suppliers are [inding it increasingly difficult
(both competitively and financially) to meet user
needs by maintaining technology manufacturing
and solution provision under the roof of the
same vertically integrated structure.

The adoption of new business models has
led to a trend towards specialisation in the IT
industry: technology manufacturers and pro-
fessional services groups have already developed
towards two poles, respectively upstream and
downstream of the value chain: traditional IT
systems suppliers arc in the process of reposi-
tioning themselves somewhere in the middle
but with a clearer tendency towards one or other
of these poles.

Upstream, there are the companies who spe-
cialise in building the best technologies they can ;
downstream, the companies who concentrate on
“providing solutions”, endorsing the technology
and supplying services and support useful for
the customer.

New Integration

This process is coupled to the emergence
of other new forces which go in the opposite
direction, towards the integration of new func-
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tions/technologies and capabilities that will be
bundled into innovative offerings and thus
create the conditions for the development of the
new markets referred to in the previous chapter.
These offerings are likely to include consumer
and mobile computing, and the linking of com-
puters and televisions, all of which will probably
have a considerable effect on the overall struc-
ture of the industry.

From the point of view of the competitive en-
vironment, the scene is further changing as these
alliances give rise to new “virtual companies”
(created as a consequence of agreements leading
to vertical integration) which are beginning to
shape new competitive rules and behaviour.

4.3. Positioning of IT Players

In order to understand what these processes
mean for the positioning of European IT players
versus suppliers from otherregions, it is useful to
consider their place in the IT value chain on the
basis of their current marketing mix.

Three major groups can be identified:

I. companies upstream, specialised in the
manufacture of core technologies (mainly US
and Japanese companies);

II. companies downstream, specialised in
the provision of solutions and services (mainly
global US and European services groups);

II1. companies in the middle (those US
and European players who are often referred to
as traditional vertically-integrated computer
system companies).

[t is within this last group of companies that
most of the financial and performance problems
tend to emerge. Forced to reposition themselves,
they have generally adopted one of three main
strategies.

Some are entrenched in too many markets to
be able to retreat to one pole or the other. They
have reached a size which allows them to com-
pete on both fronts, and have reshaped their
organisations accordingly.

Some of the US traditional hardware manu-
facturers have decided to go upstream, having
been successful in introducing new technologies
to the market and supplemented their direct
sales activities by aggressively entering the OEM
business. They are increasingly willing to offer
their best technology to the market as a whole
rather than concentrate on their own product
and service channels.

Most of the European IT players have de-
cided to move downstream, gradually leaving
the business of hardware and systems software
production and to begin endorsing the basic
technologies of other companies. This allows
them to concentrate their in-house resources
on providing solutions and systems integration
capabilities.

The key point here is that not everybody
can do everything, and they need to confront
the challenges of new markets by forming new
alliances and families.

4.4. Integration and New Markets

Analyses of the IT industry and its markets
have traditionally considered user demand forIT
designed to carry out efficiently and effectively
those business and public service functions
which were the first objects of automation. As
user needs become more complex, this demand
is evolving towards new technological and
service requirements which will lead to radical
structural changes (a shift from the purchase of
hardware power towards business-focused IT
utility) but to no major increase in absolute size.
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Traditional IT demand has reached a thresh-
old of maturity which, thanks to the pace of
technological development on the supply side
and a growing awareness of how to use IT on the
demand side, has generated a favourable en-
vironment for the introduction of new kinds of
markets, now in their infant stage.

The technological empowerment of tradi-
tional business users has gradually led to the
greater possibility of applying IT to needs which
are currently satisfied through other tech-
nologies or services, and to the generation of
new kinds of needs. These new development
markets/opportunities correspond to the nature
of the information processing needs to be
targetted.

During the early stages of the development of
the IT market, it made sense from an industrial
viewpoint for vendors to bundle, and for users
to purchase hardware, software and services to-
gether. As the industry matures, both users and
vendors are increasingly tending to consider
them separately. Consequently, competition in
each area is becoming more important than the
integration of the three,and product/service life-
cycles go through different stages of develop-
ment or managed decline.

Analysis of the different stages of bundling/
unbundling currently emerging on the IT
marketplace, as well as of the demand segments
currently being addressed, suggests an interest-
ing correspondence between the market poten-
tial of the new supply mix and traditional and
new IT needs.

Three major areas can be identified:
- business focused solutions;
- service infrastructures;
- personal electronics use.

Business focused solutions

The increasingly business-oriented focus of
MIS functions is reflected in the evolving pat-
terns of demand towards greater accountability
in relation to IT investments: improvements in
the effectiveness of the information system and
the possibility of using the information system
itself as a tool for acquiring a competitive edge.
The implications in terms of technology and ser-
vice requirements have already been described.

This trend leads IT companies to address
their traditional target markets by concentrating
on niche or vertical market applications and
solutions. This is mainly done by developing the
company’s business model towards greater spe-
cialisation throughout the value chain, especially
in the supply of “middleware” applications and
business-oriented services.

An outstanding example in this sense is likely
to be provided by the manufacturing industry,
where computerapplications are seeping into the
market more rapidly than was at first thought.
It is expected that the growth of Europe’s CAD/
CAM/CAE market will be 10 times faster than
that of the IT market in general. European indus-
try has invested extensively in modernisation in
order to equip itself for the increased competi-
tion and additional opportunities of a unified
market, which will lead to the much faster spread
of computer technologies throughout the manu-
facturing industry (a process which only really
began in the second half of the 1980s).

Service infrastructures

The trend towards the integration of the
European market, and the increasingly complex
task of managing public services with scarce
resources,are making it increasingly urgent to in-
tegrate telecommunications infrastructures and
improve the quality per cost of public services.
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The business community is looking for tech-
nological support to develop more efficient
means of communication within international
organisations (teleconferences, electronic data
mail, videophone communication, tele-assist-
ance), and new ways of managing their business
(telemarketing, teleservices).

Public service authorities tequire greater
marginal contributions from more tightly-con-
trolled public expenditure, in terms of the
effectiveness of the assistance provided by their
services (the automation of the delivery of cer-
tificates, centralised databases of public health
records, public transport route timing displays,
“citizen cards”), in terms of the quality of life in
general (computerised information and control
over air-pollution levels in large towns), and in
terms of the control of fiscal income and public
expenditure.

The social community in general is looking to
satisfy already existing needs in a more efficient
way (teleshopping, telebanking), and to satisfy
needs that may emerge from the spread of these
technologies among private home-users (infor-
mation security, access to new public databases).

For public administrations, this means that
a number of important challenges need to be
met. The realisation of European unity is in-
conceivable without modern structures of ad-
ministration. Existing cooperation among public
authorities within the EC (in areas such as tax
legislation, EC market regulations and the regu-
lation of international trade relations) points to
the growing internationalisation of economic
relationships. The increasingly complex tasks
facing the public administrations of today
demand the application of the most modern
information technologies in order to speed up
the growth of the European market.

For IT companies, the telecommunications
infrastructure represents a considerable oppor-
tunity because it would lead to the removal of
the current technological constraints (the lack
of homogeneity in the public network, different
levelsin the implementation of newtechnologies
- such as ISDN - in different countries, the low
level of digitalisation of the phone network) that
delay the improved integration of the IT applica-
tions of the business community. It would also
improve the status of more innovative applica-
tions offering better services to the business
community and, within the context of public
services, to the social community as a whole.
In this area, players are tending towards greater
specialisation, either in the development of
technology or in the provision of high value
added services.

But there are other areas of major interest
where the majority of the work has yet to be
done; here, it seems to be more a case of address-
ing potential IT use with “bundled” solutions,
suggesting an interesting parallel with the early
development of the IT industry as a whole.

Personal electronics use

The individual user of information technol-
ogy has acquired a more sophisticated awareness
of the potential of traditional office technology
for delivering new services. On the one hand,
these are wanted to facilitate business tasks and
functions (e. g. enabling access to a company’s
network via a personal digital system connected
from anywhere in the public network); on the
other, to provide innovative solutions to mass
consumer domestic/entertainment needs.

With the growing development of these mar-
kets, a gradual unbundling of the offer is likely:
hardware will gain some independence from the
information content, which in turn will become
more independent from the communication
medium.
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These products may be addressed either
to personal single-users or private mass-con-
sumers.

Personal single-users are interested in the
technology for consumer or business needs, but
definitely in connection with public or private
telecommunication networks (TV, data or
phone) and as intensively as the available busi-
ness/home technology infrastructure permits.
In this sense, it is not necessarily so important
for a player to be the first-comer or the most
innovative; it is possibly more important to be
able to live long term in one sector with the most
appropriate business model for that sector’s
stage of development. In the end, high market
growth will benefit hardware, software and
services alike, even if the initial successes will
come through bundling all three.

Mass-consumers are the targets of video
services, the integration of computers with TVs,
mobile services, video-data services and voice
services such as cellular phones. Entertainment
services will be delivered through the bundling
of a particular type of hardware derived from
personal computer technology with a particular
software as the means of communication.

Throughout this process, it is also reasonable
to foresee that the phone industry, as well as the
TV and (probably) the publishing business, will
be virtually re-invented, thus creating enormous
further opportunities for suppliers. This is the
largest potential market of all: today consumers
spend more than 7,000 billion ECUs worldwide
on goods which are (at least potentially) related
to IT.

There is no doubt that many of the current
trends towards the adoption of IT are encouraged
by plummetting PC hardware prices. The possi-
bility that mobile PCs may soon be able to enable
complete new functions is another driver.

The sales success of notebook PCs is just the
beginning of this “mobile revolution”. Mobile,
ubiquitous pen computing will be the next step
and a lot of computer companies are recognising
the importance of pen technologies in their short
and long-term plans.

Between 1993 and 1996, worldwide pen hard-
ware revenues will increase six-fold, and they are
likely to be far larger after a further ten years.
What is perhaps even more heartening for hard-
ware manufacturers, the vast majority of mobile
PC users see them as complements rather than
replacements for desktops. In Europe, despite
primary inhibitors such as localisation and
expense, the very size and sophistication of the
market makes it extremely attractive for pen
computer manufacturers.

Demand for mobile computing software im-
plies a significant change of focus formainstream
PC manufacturers, whose R&D resources are
increasingly focussed on miniaturisation as the
two markets of smaller PC notebooks and
scientific calculators begin to converge, and
handheld computing begins to develop.

The need to combine breakthrough hardware
and breakthrough software creates afurtherneed
for integrated suppliers. The most successful
suppliers will tightly couple hardware and soft-
ware, and some pen software suppliers will
bundle vertical applications with their products.
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5. Future Perspectives
for the European IT Market
and Industry

As has been seen, although the immediate
future for the European market may not look
so bright, its potential is still enormous. At the
moment, it is going through a transition phase
characterised by two main factors: the economic
recession has led to a certain instability and dis-
continuity in the development of the industry,
because it has reduced the propensity of users
to invest in large-scale capital assets; secondly,
increasing user demand for specific solutions
is generating greater differentiation among the
various segments of the IT market and a con-
sequent price-competitiveness which is severely
affecting the profitability of most hardware
suppliers.

The first of these factors concerns the effect
of external conditions on the IT industry; the
second is strictly tied to the structural evolution
of the IT sector itself. It is their convergence
which is affecting the stability of the growth of
the European IT market.

The industry now has to consider the various
choices available to it in order to make the most
of the opportunities which the market has to
offer.

The spread of open system standards among
European users has not only led to a crisis of
profitability, but also to a crisis of identity among
traditional vertically integrated IT vendors.

This crisis of identity has been caused by
the speed with which user requirements have
changed: technologyalone is no longersufficient
because users are now looking for the expertise
which will help them meet their business needs.

Furthermore, these vendors are simultane-
ously facing rapidly growing competition from
system integrators, professional service pro-
viders and VARs (value added resellers) who

are beginning to cover an increasing share of
the market, and this has also had an impact on
their strategies and organisational structures.

In order to recover and enhance their com-
petitiveness, traditional system suppliers have
generally responded in one of three ways:

1) They have diversified from hardware
towards software and service activities in an
attempt to shift a larger part of their revenues to-
wards more profitable areas. In some cases, this
has led to the development of strictly synergic
business activities; in others, independent appli-
cation solution or system integration companies
have been founded with the aim of developing
independent activities in their specific areas.

2) They have rationalised distribution chan-
nels by developing and implementing new poli-
cies towards third parties, and by optimising the
management of indirect channels.

3) They have created alliances: agreements
for the joint development and/or supply of
products and services to meet specific market
requirements; technological agreements de-
signed to spread the load of R& D investments;
and OEM (original equipment manufacturers)
agreements. This last solution is of considerable
interest because it expresses a fundamental
change of approach: instead of reserving their
best technologies for their own product and
service channels, vendors are now prepared to
offer them to the overall market.

The development of the partnership model
is strictly related to the segmentation of the IT
market, which requires suppliers to focus on
special market niches in which they can provide
qualified solutions in specific application areas
and/or industrial sectors. Most of the players
(and certainly all of the traditional European
suppliers) are unable to cover the entire market,
and are obliged to accept a policy of alliances in
orderto be able to focus their operations as much
as possible on their core competence business.
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In a market which is being driven by users
who are increasingly concerned about obtaining
value for money, and who are free to choose
from a wide variety of alternative offerings, there
is no longer any room for a competitive system
in which everybody is against everybody else.
The growth in user power has injected a greater
awareness of the complementary nature of
the business. The competitive environment is
changing from one with a large number of full-
range suppliers to one made up of a more limited
number of relatively integrated families of
companies, each one focussing on very specific
market segments or niches.

The European market has a significant
advantage over that of the US in that it is much
less saturated. This means that Europe can enjoy
a significantly higher growth rate over the next
ten years before it reaches a level of saturation
similar to that of the US.

This is an opportunity not to be missed by
the European IT industry and European entre-
preneurs.
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Information Technology:

The State of the Art

and the Key Technological Factors of Evolution

The aim of this chapter is to point out the
most important technological factors in Infor-
mation and Communication Technology (ICT)
which are of decisive importance for the market
now and which will continue to be so in the near
future.

1. Evolution in ICT: A Global View

The term ICT is becoming increasingly used
to define a whole complex of technologies
ranging from information systems to software
engineering, consumer electronics, telecommu-
nications and industrial automation. While it is
recognised that each of these fields has its own
internal dynamics, the increasing interaction
between them makes it necessary to consider the
mass of technologies, their products, and the
manufacturing organisations which make them
available to the consumer as belonging to one
unified field. ICT includes every type of infor-
mation a person is accustomed to managing,
given that any piece of information can now be
expressed by a sequence of bits which can be
processed and encoded. This capability is often
called the “full digital approach’, therefore, the
information we refer to can include data, text,
voice, sound, signals (for example, telemetry and
process control), and both still (fax, photos,
graphics, etc) and moving images (TV pictures,
animation, video, etc).

Four strictly related and interacting basic
technologies underlie the evolution of ICT:

- microelectronic component technology;
- hardware computer technology ;
- software technology;

- telecommunications technology.

All of them cooperate and interoperate by
means of appropriate architectures. Some archi-
tectures are specific for a particular technology;
others are comprehensive. The evolution of
technical architectures plays a key role in ICT,
and both influences and is influenced by the
four evolving technologies.

Viewed as a whole, ICT also influences and
is profoundly influenced by a market which this
EITO report has subdivided into:

- office products;
- EDP systems;
- telecommunications.

These relationships are shown in Figure 1.

The first part of this chapter describes the
mega-trends affecting the basic technologies
listed above. Subsequently, the main impacts
- in terms of services, systems and products -
are considered for each of the three ICT market
segments plus the cross-cutting semiconductor
segment. Given the limited space available, only
the most interesting items will be investigated
in some detail in the later sections. It isimportant
to underline that there is no longer any specific
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border between cach market segment: office
products are increasingly becoming data pro-
cessing products; and systems, data-processing
and telecommunications are becoming in-
creasingly interconnected.

Microelectronic component technology

Microelectronics constitutes the most stra-
tegic key technology for the whole of the ICT sec-
tor; a constant stream of innovations are being
announced, especially in the fields of optical
and magnetic memories and microprocessors.
The mega-trends for this sector are:

- very large-scale integration (see Figure 2);

- the improvement of microprocessor
capabilities;

- a constant increase in the passage

from electronic circuitry to LSI/VLSI,
and from basic soltware to firmware;

- constant decreases in component prices.

Hardware computer technology

By the term “computer technology”, we mean
all dala processing, storage, retrieval and presen-
tation hardware technology. Computer technol-
ogy therefore includes all [/0 devices, in particu-
lar those mainly interfacing with the end-user
(keyboards,video monitors, printers). The mega-
trends for this sector are:

- a constant improvement in “intelligence”
(see Figure 3);

- increasing systems reliability and availability ;

- technological downsizing of systems, while
maintaining the same capability;

- a reduction in the system life-cycle which

implies window reduction for competitive
advantages;

- the key role of microcomputers and
workstations.
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Telecommunications technology

Telecommunications technology allows in-
formation transfer and exchange. The mega-
trends for this sector are:

- the widespread adoption of information
systems;

- the full digital approach, leading to ISDN
(see Figure 4);

- transmission integration and the use
of diversified combinations of transmission
media and channels;

- the integration of services;
- mobile personal communication.

Software technology

Software technology initiated as a pro-
gramming technique for driving hardware. The
widespread increase in system complexity, and
the interfunctionality of all of the basic technol-
ogies of the ICT world, means that software is
playing a key role as the operational “adhesive”

of the whole ICT system and is bound to con-
tinue to play that role. The mega-trends for this
sector are:

- an increasing level of intelligence of the
system itself (artificial intelligence, expert
systems, etc.);

- the improvement of the human interface,
particularly in terms of “banalisation” and
“user-friendliness”;

- the improvement of the quality and
productivity of software engineering
(see Figure 5);

- the introduction of new concepts and logics,
such as “object” and “fuzzy” logic;

- the introduction of new and often integrated
application services and functions that
permit an increase in the level of end-user
productivity and job quality.
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Architectures

All of the increasingly complex technologies
for information systems require the definition
of a specific “personalised” Comprehensive Enter-
prise Architecture (CEA) which, in turn, includes
some of the possible architectures used for the
specific technologies adopted.

The main trend is the transition from hier-
archical centralised architectures separated per
each type of information towards heterogene-
ous, distributed, integrated architectures. This
evolution implies a greater degree of complexity
in design, development, installation, manage-
ment and maintenance.

For the new open architectures (discussed in
more detail in Section 4.2.), two main require-
ments have to be satisfied: inreroperability
among different systems and the porrability of
the application and environment software
among difterent platforms.

Interoperability and communication integra-
tion generate a higher role for networking: both
forlocal area networks (LANs) and for wide-area
networks (WANSs).,

Interoperability rcquires suitable network
management, part of a more general and better
integrated systems management.

Figure 6 gives an idea of the possible complex-
ity of a modern information system requiring
integrated system management.

The trends mentioned for ICT architectures
are valid both for EDP systems and for TLC.

Two common and general trends

Two important factors common to all pre-
vious technologies deserve special mention:
- standardisation;

- national and/or proprietary control
of technology.

Figure 5
Development

of Software
Production Method
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In the ICT world, the implications of standar-
disation are decisive and becoming more impor-
tant day by day.

International standardisation activities are
now coordinated by ISO, IEC and CCITT (see
Part One, Information Technology Standardisa-
tion, for more details), and cover all aspects of
ICT, particularly interfaces, protocols, services,
reference models, implementation guidelines,
hardware platforms, software environments,
quality and security.

Proprietary control of some specific technol-
ogies (in particular for hardware) is today less
severe than in the past, not only because the
political context has changed, but also as a result
of a number of cross-agreements involving
nearly all of the ICT manufacturers: agreements
relating to joint research projects, joint develop-
ment, OEM, etc. These mean the availability of
more than one source for a specific technological
item (semiconductors for instance), more compe-
tition among providers and, consequently, price
reductions and a reduced “monopolistic logic”.

2. Microelectronic Components

Trends in the evolution of processors,
memories, disks, and so on, are affected by
three factors:

- the increasing power and speed of CPUs;
- increasing levels of integration;
- increasing memory size.

Hence, more functions are directly incor-
porated onto chips by means of LSI technology
and it is now possible to use software to perform
some operations that were previously performed
by hardware.

Twenty years ago, Gordon Moore, the foun-
der of Intel, formulated a law which still holds
true today: “The number of transistors on a
single silicon chip doubles every two years.”With
the introduction of submicrometric techniques,

it is now possible to compact up to two million
transistors on a chip. By the end of the nineties,
the experts forecast that 100 million transistors
will be integrated.

In this perspective, the most important news
concerns:

- the diffusion of 32-bit processors and
the advent of 64-bit processors;

- the enhancement of RISC technology;

- the introduction of memory chips with
several Mbits of capacity;

- the introduction of solid-state memories
and single-chip computers, which enable
the realisation of hand-held computers.

2.1. RISC and CISC

At the moment, the attention of operators is
focused on the CISC-RISC competition.

Until now, CISC (Complete Instruction Set
Computer) has been the most diffused technol-
ogy for PCs. Each CISC processor has a set of
power machine instructions allowing complex
operations, but the very large-scale integration
that these chips require makes the project phase
and production expensive.

RISC (Reduced Instruction Set Computer)
technology comes from a newidea: “to execute a
reduced set of fundamental instructions very
quickly and with the highest degree of optimisa-
tion”. Of course, if the instructions are simpler,
the CPU needs to execute more instructions
than with a CISC processorin orderto obtain the
same result; but the use of very fast input-output
systems from and to memory, high speed buses
and ad hoc compilers makes RISC computers
better performers than CISC computers. RISC
CPUs are used in top-end personal computers
and workstations, but the new series are also
used in medium and large-size systems with
parallel architectures. In this context, there is an
increasing tendency to associate RISC environ-
ments with the Unix operating system.
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2.2. New Memory Technologies

Until the introduction of solid-state memory
cards, any reduction in the size and weight of
personal computers was limited by the size,
weight and power needs of the mass-storage
memory device.

Solid-state memory cards look like credit
cards. They are light and can store several mega-
bytes of data. They do not have moving com-
ponents, so the power they require is much less
than floppyorhard disk drives; and they are more
resistant to shocks. The standard for memory
cards has been defined by two groups: JEIDA
(Japanese Electronic Industry Development
Association, founded in 1985) and PCMCIA
(Personal Computer Memory Card International
Association, founded in 1989). The members of
PCMCIA are the most important semiconductor
companies.

PCMCIA and JEIDA have defined a com-
mon-standard, 68-pin architecture which has
been adopted by all companies. This means that
cards can be interchanged like diskettes (further-
more, it is possible to use memory-card slots
for other devices, such as modems or network
adapters).

Memory cards are a “packaging technique”
and, as such, they can use any type of semi-
conductor memory: RAM, ROM, EPROM or
EEPROM. However, the most important is a
new technology called “flash memory”. Flash
memories replace EEPROMs: they are read/
write non-volatile memories. During a read/
access process, flash memories are much faster
than disks, their time being comparable to that
of a DRAM. On the other hand, their write time
is still as slow as that of magnetic media. It is
possible to write a single byte but, because the
erase process 1s sector-oriented, nothing less
than a sector can be erased.

Flash cards are already produced with dif-
ferent sized memories (from 1to 20 Mbytes), but
the large companies are already working towards
40 Mbytes of storage.

3. Office Products

The office products area includes all of the
systems listed in Part Three, Statistical Outlook,
10. Definitions. It should be remembered that
not all of the office products on the market
come into the ICT field (for example, franking
machines, labelling machines, letter-opening
and sealing machines, folding machines, en-
veloping machines, and folding, cutting and
binding machines).

As they evolve, ICT-based products offer
new functions which are gradually leading them
into the information-system area as specialised
computers. POS terminals, typewriters, pocket
calculators, document filing systems, and so on,
will all be considered under the heading of EDP
systems.

The most significant innovations for the
remaining IT office products concern copying
machines, in particular the introduction of digiti-
sation and colour. Copying machines have also
been influenced by the innovations in printer
technology described in Section 4.1.

There are also important innovations in the
technology of conventional copiers, whose per-
formances improve every year. Important news
concerns “both-side copying” (where a sheet of
paper is printed on both sides in only one step)
and remote diagnosis for detecting technical
faults and prescribing repair schedules.

Digital copiers are simultaneously both scan-
ners and printers. Some models can be used to
file and, using cut-and-paste techniques, even
edit documents.
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High quality matrices, controlled regulation
of ink distribution and the use of plain xero-
graphic paper, allow photographs and compli-
cated characters to be reproduced with great
clarity. Different machines can also be fitted with
automatic original feeders, copy programmers,
and programmed reduction, enlargement or
variable sizes by means of a zoom mechanism.

The more advanced models have editing
functions that can be used to highlight or erase
parts of the text, insert photographs and do
multicolour printing without changing the print-
ing roll. Such copiers have reached very good
performance levels.

The most interesting options include the
possibility of coupling these machines with on
and off-line binding units; the availability of
extra, easily interchangeable colour printing
rolls; and, for certain models, a PC interface
which allows the direct printing of PC-created
documents and the transfer of documents from
digital duplicator to PC by means of a scanner.
The top-end market leader has recently pre-
sented extremely sophisticated duplication
systems that integrate document-processing
technologies.

Colourcopiers are classified into four groups,
depending on the technology used in repro-
duction: electrographic, cycolour, heat transfer
or photographic.

Electrographic copiers are the most widely
used. The image to reproduce may be read either
in analog or digital mode and then composed on
a conventional copier cylinder in four steps, one
colouratatime: cyan,magenta,yellowand black.

Cycolour copiers use analog systems to
capture images on special colour-sensitive film.
The film image is then chemically transferred
to paper.

Heat-transfer copiers use an impact printing
system with red, blue and green ribbons.

4. EDP Systems

The generic term, EDP (Electronic Data
Processing) systems, is very often used as a syn-
onym for Information Technology and normally
includes office products but not TLC systems.

Up to some years ago, EDP was strictly
related to data-processing (mainly for the auto-
mation of accounting and administrative pro-
cedures).

The evolution of computer and - the main
pillar of EDP - software technology, together
with the growing needs and demands of the
end-user, is leading towards a more intelligent
and better integrated use of information (for
example, the use of decision support and deci-
sion-making systems).

4.1. Computer Technology
and Hardware Products

Every day, there are announcements of im-
provements in the different segments of com-
puter technology: mainframes and supercom-
puters, mini-workstations and microcomputers,
hand-held computers and their peripherals.
These continuous improvements are generated
by the evolution of both components and per-
ipherals, particularly monitors, storage devices
and printers.

After a general overview of technological
trends in products and systems, “parallel process-
ing” and “multimedia” systems will be analysed
more thoroughly.

Very large and large-scale systems

The mainframe still remains the “central”
host in most corporate information systems. The
most important improvements in large-scale
systems are:

- fault-tolerance and multiprocessor
architectures;
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- the use of new and more powerful chips
providing increasing RAM ;

- memory management based on a “cache”
hierarchy using memory chips ol different
speeds and powers;

- the use of disk array solutions
for mass storage;

- a new channel logic based on fibres and
new interfaces, such as ANSI HIPPI
(High Performance Parallel Interface)
or IBM ESCON (Enterprise Systems
Connection Architecture);

- enhanced operating systems providing
some “standard” interfaces (such as Posix) and
protocol piles (such as TCP/IP and ISO/0OSI)
for software portability and interoperability ;

- Unix support.
Medium-scale systems

In large and very large information systems,
the medium-scale computer normally plays the
role of “departmental” host and/or that of a
machine dedicated to a specific function, such as
office automation, on-line transaction process-
ing (OLTP) or the support of relational data
bases. For medium-sized and small companies,
the medium-scale compulter acts as the only
“host™ for the whole company, and often also
operates as the LAN scrver.

The medium-scale area is dominated by the
Unix environment, although some proprietary
operating systems are still widely used.

The main lines of evolution in medium-scale
systems are practically the same as those in large-
scale systems.

LAN servers and superservers
A growing niche is constituted by LAN servers
and superservers, which borrow their archi-

tectures and logic from fault-tolerant multi-
processing systems.

LAN servers have four primary functions: to
provide file, database, print and communication
services.

Originally, server functions were performed
by a minicomputer or, in PC LANs, by a dedi-
cated common personal computer: as LANs
grew and began to require increased power, the
manufacturers designed a new class of system
capable of rapidly processing large amounts of
data with a high level of availability and reli-
ability. In fact, from a technological point of
view, these superservers combine mainframe
and mini logic with PC design and processing.

PCs and workstations

In the PCand workstation sectors, the follow-
ing developments are clearly apparent:

- the substitution of conventional terminals
with PCs and intelligent workstations;

- the erosion of the boundary between
PCs and workstations, with the upgrading
of the personal computer;

- the arrival on the scene of even smaller and
lighter portable and hand-held systems;

- great improvements in user-friendliness
and graphic user interfaces (GUI), and the
introduction of speech synthesis and voice
recognition;

- the use of solid-state memories.

As mentioned in Section 2., CISC is the
processor technology forthe PC, and the present
de facto 32-bit standard (the 386) will evolve and
probably maintain leadership with the 486, 586,
686 and so on.

RISC architectures dominate the high-level
workstation range. As will be discussed in
Section 4.3., different operating systems and
graphic user interfaces will segment the sector
according to the required functions.
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Portable and hand-held computers

Lap-top,notebook, hand-held and pen-based
computers constitute the most impressive fron-
tier of ICT research for the end-user. Theirimple-
mentation has involved significant improve-
ments, at the limits of present technologies.

The primary characteristics of these products
are their very limited size and weight: a lot of
ground has been covered since the first “port-
able” on the market : a notebook now weighs less
than one kilogram, and hand-held computers
just a few ounces.

All of these products are strictly at the service
of the individual (“personal media”) but they can
also be interconnected to other systems, such as
company information systems and/or public
networks and services.

Almost all of today’s smallest computers
are DOS-based, and the main software houses
have released special versions of their DOS pro-
grammes to support palmtops. Almost all of
them have a word processor, a spreadsheet, a
database and some programmes for use when
away from home, but the key factor for their
success seems to be their compatibility and easy
connectivity with larger desktop computers in
the office or at home.

Input/output methods for small-size com-
puters are limited by the size of the device. It
is hard to type on tiny keyboards and, although
useful on the desk, a mouse is a problem when
travelling. Other input methods are more prac-
tical: pens and touch screens.

Pen computers are a revolution compared
with conventional input systems. They require a
sophisticated operating system with the ability to
recognise handwriting and commands entered
by touching the screen. Pen computing requires
an application to be designed from scratch, but
the major software companies have nevertheless
announced their interest in this field.

This successful new segment has also im-
proved the accessory market. We are seeing new
mouses, portable printers, modems, hard disks,
back-up devices and CD-ROM drives that do
not require a computer slot, but can be directly
connected to a standard parallel port.

Video display techniques

Colour display remains a problem for port-
able devices. Colour “costs” in terms of power
supply,and the active matrix, which could also be
used for notebooks, still requires a high outlay.
Some manufacturers are therefore offering a
“passive matrix”, although the quality and reso-
lution are less, and “portability” problems still
remain.

An active matrix video integrates Thin Film
Transistors (TFT), with each pixel being driven
by three transistors. A VGA standard requires
921,600 diodes, and if only one of them crashes,
the whole video is out. In a “passive matrix”, each
row and each column is driven by just one diode.
The cost is lower, but so is the quality. Refresh is
slower, and the use of a mouse is a problem.

Screens are normally liquid-crystal, particu-
larly for portable computers: flat and light, they
absorb hardly any electric power. LCD screens
use their liquid-crystal capacity to reflect light
according to their physical state, which can be
determined by an electronic circuit. The mean
response time of an LCD is rather slow in com-
parison with that of a cathode-ray tube.

Printer techniques

Together with a reduction in cost, graphic
quality and colour are the main goals.

All of the current techniques can be con-
sidered as either “impact” or “non-impact” tech-
nologies.
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Impact technologies include the matrix and
daisy-wheel printers: these are now mature, and
innovation is concentrated on optimising costs
and improving their speed, availability and
design quality.

Non-impact technologies include ripro-

graphy, and ink-jet and thermal transfer.

With riprography, the image is created by
means of different light sources: a laser, LED
array, or lamps and liquid crystal shutter. Lasers
are most used, and the main innovative trends
are aimed at reducing the cost and size of
the laser box, and improving the resolution of
the image.

Ink-jet technology is not new, but it is only
recently that the main problems of reliability
have been solved.

Thermal transfer makes use of two important
techniques: the Electric Thermal Ribbon (ETR)
and the Thermal Carbon Ribbon (TCR).

In the first case, the heat necessary to transfer
the ink to the paperis produced by the ribbon it-
self, and the print head only acts as the electrical
conductor; in the second, the heat is produced
by the print head itself.

Disk array and RAID

Disk array derives from the need for mass
storage devices which are available, reliable,
highly modular and relatively inexpensive.
Starting from existing PC disk technology, a Re-
dundant Array of Inexpensive Disk (RAID) can
provide the same capacity as mainframe disk
storage, but it is less expensive, more reliable and
flexible (you can easily add new disks to the
array) and, providing the appropriate techniques
are used, it also provides faster data retrieval.

Disk arrays were generated in the Unix en-
vironment, but they are now used as “storage
systems” for computers ranging from LAN
servers to large mainframes. The basic idea of

RAID is to manage the data stored on different
physical disks in parallel. There are seven dif-
ferent types of RAID, using different tech-
niques and with with different function and
error-checking levels.

Multiprocessor
and fault-tolerance systems

The introduction of multiprocessor systems
offers greater processing capacity, but it also
means greater overall availability and reliability
for the system.

A multiprocessor system is highly modular,
making it possible to add extra modules to en-
sure higher capacities without any migration of
software into a different environment.

Of course, a multiprocessor system is more
complex than a singleprocessor system, which
implies a more sophisticated operating system
and a different method of programming. Pro-
gramming logic is normally sequential, making
it difficult to take real advantage of the multi-
processor’s characteristics.

Parallel processing

The response to the need for better process-
ing performances is currently based on CPU
developments offering higher clock rates and
extended word lengths, RISC or RISC-like archi-
tectures and the ability to process several instruc-
tions in the same unit of time (known as parallel
processing).

This last approach was first introduced in the
supercomputer and TLC worlds several years
ago, but it is only now that it it is also being used
for microprocessor-based systems. The parallel
processing logics used in this new context are
SIMD (Single Instruction Multiple Data),
MTMD (Multiple Instruction Multiple Data)
and Neurocomputing (see Figure 7).
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SIMD logic consists of an array (or vector) of
processors, and was used in the first generation
of supercomputers. It is now available in the
form of high-performance chips. MIMD logic,
which was very expensive with conventional pro-
cessors, received lymph and renewed interest
with the introduction of microprocessors.

As shown in Figure 7, MIMD logic has two
different memory management systems: shared
memory and distributed memory.

The third parallel processing technique is
based on neural networks. The conventional use
of neurocomputing logic is the simulation of
neural networks on large mainframes, an ex-
pensive solution which is only really acceptable
for problems of limited complexity. A new
approach is now emerging with the implementa-
tion of neural networks on VLSI.

Neurocomputing and neural networks

Neurocomputing is a form of massive parallel
computing performed by means of neural net-
works.

This concept was introduced in order to solve
complex problems, such as automatic car driving
or the automatic understanding of speech, which
could not be specified by means of algorithms.
However, solutions to problems of this kind
(easily found by human beings) share a common
feature: they imply the ability to associate objects
from one domain with those of another.

Neural machines establish relationships
among objects in relation to external events.
When an “algorithmic” approach is used, re-
lationships are “pre-defined” and clearly stated.
A neural system establishes these relationships
in an “adaptive”way by moving within arecursive
and continuous feedback cycle that begins with
an initial example, or beginner model. This re-
cursive process allows the machine to “learn’.

Figure 7
Parallel Processing
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The neural network reproduces a raw model
of the human brain.

Neural computing is based on a neural net-
work which, conceptually, consists of processing
units interconnected in a mashed net.

First level processing units process the input
“signals™ (events) and pass on the results to a
second level, and so on until the generation of
output “signals” (events). Each processing unit
can receive various types of signals, but send
only one signal to the other connected units.
The connections enable the information to be
propagated.

Each unit memorises previous elaborations
and the values of the adaptive coefficients. An
adaptive coefficient (or “weight™) is assigned to
each connection and rests in the memory of
each processing unit. The fact that it can also be
modified is fundamental in delermining the
signal flow.

Modification of these weights enables the
whole system to be correctly adjusted.

A neural network can be characterised by its
learning method, topology and adaptive coeffi-
cients, as well as by its various possible imple-
mentations - optical, electronic, optoelectronic,
st

In different implementations, neurocom-
puters are usually on the market as coprocessors,
associated with an ordinary computer via a bus
or LAN and dedicated to the solution of certain
specific problems. The main improvements
regard the use of multiprocessor systems, the
broader range of possible applications and the
use of high-level languages for the reconfigura-
tion and redefinition of the neural network.

Multimedia systems

A multimedia system is normally a PC or
workstation-based machine linked to various
“media” peripherals: sound processors, ad-
vanced video boards, high-definition touch-
screen TVs, colour scanners, optical units
(CD-ROMs) and high-capacity hard disks. It
requires both basic and specific (or specially
designed) software in order to develop the
“screenplay”, synchronise information (images
and sounds) and design interactive paths for
consultation purposes.

A great boost has been given to multimedia
technology in recent vears by the development
of optical technology (see Table I); further in-
centives have come from digital technology and
the compression of audio and video information.
A brief list of these technologies follows.

Compact Disc Digital Audio (CD-DA), has
now become the most commonly used means ol
digital sound reproduction. Each CD-DA can
contain up to 74 minutes of digital audio stereo
recordings.

Compact Disc Read Only Memory (CD-ROM)
has inherited the data storage format of the
CD-DA and become the international standard
for using digital technology to store any non-
audio information. CD-ROMs, which have a
660 Mbyte memory capacity, are used to create
and handle digital optical data banks on personal
computers. However, their speed in transferring
information from the drive to the central pro-
cessing unit (about 1 Mbit per second) is slower
than that ol magnetic memories. This restricts
their use in the field of moving images, which
requires particularly high transfer speeds.

Digital Video Interactive (DVI) is the first
form of digital video technology available on the
markel: it can memorise up to 72 minutes of
moving colour video sequences on a CD-ROM,
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Optical memory Announced Characteristics Standard

Analogue:

Videodisk 1978 Analogue support for storing still
and moving images

Digital :

CD-DA 1982 Standards for the digital recording

(Compact Disc of audio signals

Digital Audio)

CD-ROM 1983 Standard for the physical and ISO 9660

(Compact Disc and logical management

Read Only Memory) of digital optical files
for personal computers

CD-I 1988 Standard for the digital storing ISO 9660

(Compact Disc Interactive) and management of
audio and video signals
(with different quality levels)

DVI 1987 Technology for the management

(Digital Video Interactive) of full screen digital video on PC
(stored on CD-ROM)

CDTV 1991 System for the digital storing ISO 9660

(Compact Dynamic and management

Total Vision) of audio and video signals

CD-ROM XA 1988 Extensions of CD-ROM standard ISO 9660

(Compact Disc with certain specifications of

Read Only Memory the CD-I

Extended Architecture)

Photo CD 1990 System for storing colour images Compatible
from ordinary rolls of film in with
digital format on re-writable discs CD-ROM XA

and CD-I

Source: SMAU

Table 1
Development of
Optical Technology
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and these can be processed on a full-sized com-
puter screen. Its capacity is therefore twice that
of the analog videodisc. DVI technology can also
handle digital sound.

Compact Disc Interactive (CD-I) brings the
features of CD-DA and CD-ROM togetheron a
single disk. CD-I players are specially designed
for connection to all home TV sets and/or hi-fi
units. The disks fall within the ISO 9600 standard
and can decode four different levels of audio
quality: from the highest quality levels of
CD-DA (with which it is compatible) to low-
quality mono sound (such as that from a
medium-wave radio broadcast). The CD-I can be
used with television sets conforming to both the
European PAL (25 images per second) and the
American/Japanese NTSC standard (30 images
per second).

Compact Dynamic Total Vision (CDTV) is
another interactive multimedia system based
on the CD-ROM and aimed at the consumer
market. Like CD-I, CDTV can reproduce texts,
high-quality sound, still images, animated
graphics and film, although only on a part of the
screen at present.

Compact Disc Read Only Memory Extended
Architecture (CD-ROM XA) is an update of the
CD-ROM specifications which conforms to the
IS0 9660 standard. Unlike CD-ROM, CD-ROM
XA uses the technique of “interleaving” (record-
ing different kinds of information on neighbour-
ing sectors and in different modes) to give an
improved synchronisation of audio and video.
It shares some memory formats with CD-I (such
as the five levels of sound quality), and this
means that the space dedicated to sound can be
optimised in relation to the quality of sound
actually required.

Photo CD system has a read-write compact
disc which can store colour images (up to 100
photos) in digital format from ordinary photo-

graphic film. Images can be stored at five dif-
ferent levels of definition (from low to very high)
according to user requirements. Users can visu-
alise and use Photo CD images on computers by
means of a CD-ROM XA player. The system is
compatible with the CD-WORM (Compact Disc
Write Once Read Many) standard.

An important factor in the development of
multimedia technology is the availability of
author systems, that can process various kinds of
multimedia information and manage the links
between them.

4.2. Architectures

Such a continuous and highly dynamic evolu-
tion in the world of computers, the rapid devel-
opment of new services and products, and grow-
ing end-user needs for new applications and
services, would appear to require the constant
reshaping of the whole information system;
but this needs to be balanced against questions
concerning investments and assets. In order to
manage this ongoing reshaping process effec-
tively and economically, a company needs the
definition of a suitable Comprehensive Enter-
prise Architecture (CEA).

The main needs that CEA has to cover are
interoperability among heterogeneous systems
and software portability among different plat-
forms.

In the evolution of architectures, standards
have played and will continue to play a funda-
mental role. During the 1970s and 1980s, two
standards (one de jure and one de facto) were
generated for computer networks: the Open
System Interconnection (OSI) reference model
of the ISO, and TCP/IP-Internet. Albeit in dif-
ferent ways and at different times, all of the
proprietary architectures have adopted these
standards.
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Most of the efforts in the past concerned
interconnectivity ; today, the main area of focus
is that of interoperability. This primarily involves
the “application layer”, and depends on the
different typologies and “portability” of applica-
tions which require standard platform interfaces
in different hardware environments.

The main battle among global system manu-
facturers, in particular as far as transactional and
distributed environments are concerned, is now
over “application architecture” and the related
“application development environment”.

The concept of open systems has been devel-
oped, but what does it really mean ? The term has
two different origins, and is therefore often used
with different meanings - thus increasing the
terminological confusion. In the OSI context, an
open system is a system that supports the com-
plete range of OSI protocol pile, and can there-
fore be interconnected and interoperate with
otheropen systems; in the mid-range and operat-
ing-system areas, open systems are Unix-based
systems capable of providing software port-
ability. What we can say is that an open system
is any system characterised by a high degree of
interoperability and portability; it therefore
does not necessarily have to be a Unix system,
although it is true that, up to now, most of the
systems which can be scaled on different hard-
ware platforms have been mainly Unix-based (or
congruent with POSIX and X/OPEN interfaces)
and have used TCP/IP or OSI protocol piles.

An open system is a key element for distrib-
uted systems which, in their turn, are playing
a key role in new information system archi-
tectures.

Distributed systems and processing

Researchers have been talking about distrib-
uted systems for a number of years, and various
studies and prototypes have been developed.
But the great move towards distributed systems
isnowbeing propelled by the spread of LANs and

“LAN-centric” logic, and the related spread of
client-server computing, which ties the inter-
locutors into a master-slave relationship. Client-
server logic lies at the heart of the Nerwork
Operating System (NOS).

A more general and balanced approach to
application interoperability is provided by
cooperative processing; by means of a suitable
high-level protocol, two (or more) processes can
be synchronised and run simultaneously on
different machines in order to perform a “distrib-
uted process” that also handles distributed data.

The reference points for“distributed process-
ing” are now:

a) dejure standards, consisting of the services
and protocols offered by the “application layer”
of the OSI model:

- DTP, Distributed Transaction Processing,
DIS 10026 (1..3);

- CCR, Commitment Concurrency and
Recovery, IS 9804, 9805 ;

- ROSE, Remote Operation Service Element,
1S9072 (1..2);

- RDA, Remote Data Base Access, DIS 9597
(1..2).

Together with the activities of ISO and
CCITT, the IEEE effort towards POSIX inter-
faces is now very meaningful. As far as LAN
standard specifications are concerned, IEEE
recommendations are often converted into de
jure standards and formally included in ISO
recommendations. POSIX is therefore already
playing a key role in this context, and will in-
creasingly do so in the future.

b) de facto standards, championed primarily
by certain international consortiums and asso-
ciations:

- X/OPEN;

- DCE (Distributed Computing Environment)
from OSF (Open Software Foundation).
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¢) certain proprietary solutions, provided by
the main proprietary architectures (such as
IBM’s LU 6.2 SAA/SNA) by “specialised” en-
vironments (such as Tuxedo and Transarc for
distributed OLTP) or by distributed data bases
(such as Oracle and Informix).

X/OPEN model

X/OPEN is an ICT manufacturers associa-
tion set up in 1984 in order to define a Portability
Guide (XPG) for source software. Now at its
fourth release (XPG4), XPG is a requirement
for a number of public procurements.

X/OPEN does not provide a set of standard
recommendations but, by using “an intercept
strategy”, refers to the most consolidated or
promising standard solutions for establishing
a Common Application Environment (CAE).
Figure 8 shows the DTP model and introduces
two main high-level interfaces:

- the TX interface between user application and
transaction manager, which “standardises”
the present different interfaces to different
resource managers (such as file and database
systems);

- the XA interface between two transaction
managers and the specific resource manager.

In other words, the TX interface defines a
“standard” API (Application Programme Inter-
face) for access to the (distributed) resources,
API that might substitute the RM interface
which is specific for each resource.

DCE from OSF

DCE, Distributed Computing Environment,
is the reference architecture for distributed sys-
tems defined by the Open Software Foundation,
a consortium of the major EDP manufacturers.
DCE does not define a standard architecture
but, very pragmatically, puts together a set of
present technologies and both de facto and de jure
standards in the distributed environment.

The DCE architecture, shown in Figure 9,
might be viewed as a detailed sublayering of
the higher OSI layers using the operating system
and the lowest first four OSI layers, up to the
“transport layer”.

The distribution processing logic is based on
“threads”, a threcad being an elementary unit for
CPU assignments. The dimension of such a unit
is very small in comparison with a usual process
or task and therefore facilitates the parallelism
required for distributed processing: instead of
“multi-tasking”, a DCE man speaks of “multi-
threads™

DCE architecture is based on a client-server
relationship with the Remote Procedure Call
(RPC) for the message exchange between two
cooperating processes. As Figure 9 shows, “secur-
ity” and “management” are key clements for
DCE: the former is based on the “authentica-
tion™ of users, messages and resources also pro-
vided by means of Kerberos cryptography.
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POSIX

POSIX emanated from an IEEE working
group, and its aim is to define the levels of inter-
face for the operating system alone in order to
allow the portability of the operating system and
the application software in C on different plat-
forms.

Unix System V was chosen as a basis. How-
ever, the POSIX specifications also include
functions and interfaces deriving from BSD
version 4.2/3.

It is important to stress that POSIX does not
define an operating system, only the interfaces.

POSIX is structured in different working
groups, whose labels also identify the related
recommendation (1003.0 for Operating En-
vironment Guide, 1003.1 for System Interface,
and so on).

System and Network Management

Overthe last few years, there have been many
important innovations in control and manage-
ment systems, both in proprietary architectures
and in the international ISO standards in the
OSI reference model. This coincidence is a clear
indication of how network management is one of
the key factors for the development of company
information systems in the 90s.

The increasing complexity of both the net-
work and, more generally, the information sys-
tem, requires greater automation in the control
and management of resources, as well as auxi-
liary tools for identifying or solving problems. In
this context,expert systems are beginning to play
an important role. In 1989, work was completed
and published on the definition of the archi-
tecture forISO’s Network Management System,

CCITT’s X.500 Directory Service, as well as for
proprietary systems such as Netview Release 3
for the IBM SNA networks, Open View from
Hewlett Packard, EMA from Digital and UNMA
from AT&T. The most significant OSI NMS
recommendations concern:

- the OSI management framework ;
- OSI systems management;

- models and structures of information for
management (SMI, Structure of Management
Information).

The OSI management approach:

- concentrates the main functions, services
and protocols on the application layer;

- is based on a client-server logic;

- considers different functional areas regarding
the management of configuration, faults,
performances, security and accounting;

- introduces the MIB (Management Informa-
tion Base) for each managed “open” system,
which includes all the “managed objects”
and their attributes;

- uses the “managed objects” for controlling
and monitoring the system with an actual
“object-oriented™ logic.

Figure 10 shows a diagram depicting the
logical hierarchy of the various objects.

"A de facto standard is emerging on the
market, thanks mainly to the diffusion of LANs.
This is the Simple Network Management Protocol
(SNMP).

SNMP originates from the TCP/IP and Inter-
net architectures. [tis conceptually very close but
much simpler than the OSI logic, and several
manufacturers have developed it on different
platforms. Forsome of them, SNMP represents a
transitory step before OSI CMIS-CMIP. Other
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manufacturers consider SNMP as a consolidated
de facto standard which is alternative to OSI. It is
significant that practically all of the proprietary
architectures include SNMP, CMIS-CMIP or
both,and that the companies are announcing the
first releases.

There has also been a great deal of activity on
the part of user and supplierassociations (such as
the Network Management Interest Group of the
OST Implementation Workshop and the OSI
Network Management Forum) in the production
of prototypes, showcases and implementation
programmes based on “stable implementation
agreements”. All of these approaches and solu-
tions are based on a set of emerging design and
implementation logics:

- the logic of object-oriented design, which
sees the resources it must control as objects
characterised by their technical and functional
attributes;

- client-server logic for obtaining information
from the various network units and interacting
with the various distributed central systems
for management purposes;

- the logic of cooperative processing for the
handling of network management data in
different environments which can be carried
out on a single intelligent workstation.

4.3. Software Technology

Microelectronic and computer technologies
are the pillars of evolution and progress in
ICT, but it is software technology which will
determine the penetration and speed of user
acceptance of solutions for scientific, industrial,
corporate and services problems. Software tech-
nology now has to bridge the real gap between
currently enormous hardware capacity and the
end-user’s ability to use it. During the 1990s, soft-
ware will play a major innovative role by creating
new solutions and generating significant changes
in end-user behaviour at home and at work.

Figure 10
Systems
Management
Application



Part One

The State of the Art
and the Key Technological Factors of Evolution

Software innovations are continuous; practi-
cally every new development introduces inno-
vation. According to the statistical section of
EITO, the software sector is subdivided into:

- system software and utilities (also called “basic
software™), which mainly includes operating
systems;

- application tools (also called “middleware”),
which include all environmental software from
graphic interfaces (such as Windows) to com-
munication software, relational data bases
and the development environment, and from
languages to CASE (Computer Aided Soft-
ware Engineering) tools;

- application software, which includes all of the
software solutions for specific problems.

Standards have been and are still being de-
fined for software technology, in particularin the
fields of portability and interoperability.

Certain new services and the related applica-
tion software will be considered in section 6.

Operating Systems

All of the proprietary operating systems
for mainframes and minicomputers have intro-
duced innovations: cache memory, the widening
of address spaces, the adoption of the new stan-
dard APIs (POSIX, X/OPEN, etc), new security
mechanisms for access control, user authentica-
tion, digital signature and data confidentiality.
Over the last two years, the main interest has
been focused on desktop operating systems,
where there is strong competition among DOS
systems, OS/2, Unix, Apple System 7, Sun
Solaris, Open Desktop, the announced Windows
NT and PowerOpen, and the “next generation”
Pink, with related GUI and API supports.

Trends in operating systems are focussing
on portability and interoperability, and therefore
on “open systems” objectives. In this context, the
main elements are:

- high-level Application Programming
Interfaces (API);

user-friendly graphical interfaces

network services;

multiprocessing support;

layering into linked but autonomous objects;
- the introduction of microkernel logic.

Microkernels

Microkernels are operating-system kernels
which provide basic services (particularly inter-
process communication, scheduler and memory
management) in very few kilobytes. The micro-
kernel isolates all hardware-dependent charac-
teristics, and is therefore portable onto different
nodes of a multiprocessor or distributed system.

On the top of a microkernel, different spe-
cific modules provide the classic functions of
a higher-level operating system, such as in-
dependent “sub-systems” (for example, device
managers, file manager, etc).

Microkernel logic was initially developed for
real-time embedded systems, as seems to be the
case of Chorus from France Chorus Systémes
(now in joint-venture with USL, Unix System
Laboratories) and MACH from MIT, Massachu-
setts Institute of Technology.

The microkernel approach is now being fol-
lowed in particular for Unix environments,
where it should drastically reduce the required
memorysize, “integrate” basic functions and “re-
duce”the complexity of current solutions (which
are normally heavy, inefficient and difficult to
manage, use and learn).
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Graphic Interfaces

Another important technological item is
the graphic user interface (GUI). A GUI is an
interface which uses graphic symbols (icons,
windows, and so on) and therefore appears more
intuitive than an alphanumeric command sys-
tem.Instead of a cryptic command-line interface,
the user sees a graphic reproduction of his desk
on the screen, with the familiar tools (folders,
pocket calculators, a waste basket) and acts on
these object-icons using a mouse.

Furthermore, GUIs encourage the creation
of links between applications, facilitating the
switching from one memory resident application
to another. In this manner, GUI is changing from
being an application programme to becoming
an operating system (or rather a platform, taking
on astandard role as a system of graphic commu-
nication).

However, GUIs require a lot of CPU work
and only the latest generation of PCs and work-
stations can run them at reasonable speed.

Object-Oriented Analysis (OOA)
and Programming (OOP)

Conventional software development was
founded on the concept of “modular” and “top-
down” techniques which tried to design a pro-
gramme starting from the definition of the main
tasks and then repeatedly breaking them down
into smaller and simpler units.

The growing complexity of the problems that
an information system has to solve and the in-
creasing difficulty of programme management
require a new approach and new tools for the
analysis, specification and development of infor-
mation systems.

The “object” is an “abstraction” of a “thing”.
Everywhere in the real world, we see objects:
desks, lamps, cars . .. Every object has certain

properties (colour, dimension, weight) that are
called “attributes” and may perform certain
actions when one ormore particularevents occur
(a lamp will light when we switch it on). These
actions define the “behaviour” of the object.

A “complex object” is usually composed of
several simplerones, each with its own properties
that define the properties and behaviour of the
whole.

An object is fundamentally a collection of
data elements with some procedures (or meth-
ods) for manipulating the data.

OOA was created with the aim of focussing
on the significant aspects of the problem domain
and the system’s responsibilities, by drawing to-
gether a number of previous analytical methods
and disciplines.

OOA provides an information model based
on objects and their attributes, services and rela-
tionships with other objects (structure); OOP
provides the tools for developing software ac-
cording to the information model defined by
OO0A.

OOPtookits first stepsin the late 60s with the
SIMULA language, and then made significant
progress with Algol and Pascal. Currently, the
most widespread “object-oriented” languages
are Smalltalk and C++.

In OOP, an “object” is a run-time instance of
certain processing and values, defined by means
of a “static” description called a “class”. These
properties simplify the work of a programmer : it
is possible to interface an object from a func-
tional point of view without knowing its internal
structure ; and therefore it is possible to use com-
plex objects, defined by others, as library pro-
grammes. It is also possible to modify an object’s
internal structure without changing its external
behaviour (methods). OOA and OOP provide a
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new paradigm for software design and develop-
ment, putting the object, data and possible oper-
ations together in the same logical unit. This
approach requires a modular logic, but it in-
creases the developer’s productivity by allowing
the use of predefined common modules and
programming for “differences”: an application
becomes easier to manage and to modify.

[t is important to point out that several ISO
standards now refer to the “object-oriented” con-
cept. For example, the OSI Network Manage-
ment System defines the information model and
the related structure of management informa-
tion in terms of a “management object™.

Databases

The database context is now dominated by
relational databases, particularly f{or depart-
mental hosts and open systems. The main evolu-
tionary trends are focused on “distributed” and
“object-oriented” databases (relational or other-
wise), and they also have a great impact on
DDLs, Data Definition Languages, and query
languages.

Standards are also in the arena: SQL was a
de facto and is now a de jure standard; the ISO
RDA, Remote Data Base Access, specifies the
access method for distributed databases.

CASE

Computer Aided Software Engineering
(CASE) and all of the other “application devel-
opment tools” are evolving in line with the
evolution of software. Both Component-CASE
(C-CASE) and Integrated-CASE (I-CASE) in-
clude multi-windowing and graphic interfaces.
They support different types of application en-
vironments (OLTP, client-server computing,
CICS, IMS, etc) and languages and databases
(Cobol, PL/1, C, ADA, DB2. Oracle, etc). They
also support and are portable to different plat-
forms and different operating systems.

The new OOA and OOPlogic will be accepted
both at the design and methodological, and at
the code-generation level. Expert systems and
Artificial Intelligence logics are also used.

Re-usability, Repository and Re-engineering
are considered the key factors for CASE, and
there is also growing interest in the emerging
standards and software quality certification de-
fined by the ISO 9000 recommendations.

5. Telecommunications

Although the trend towards a “full digital ap-
proach”and computerand communications inte-
gration seems to overlap and fully integrate the
worlds of information systems and TLC, market
supply and demand have remained mainly sep-
arated up until now. Historically, TLC manufac-
turers approached the “public” and the “private™
networks with different logics and services/sys-
tems/products, as they considered the “private”
environment a less reliable, less available and
less powerful “sub-derived” system. Now, the
“public” and “private” environments are in-
creasingly considered as distinct entities focused
on specific functions, regardless of the fact that
they must be interconnectable and that TLC
units are based on the same ICT technologies.

TLC trends are even more strictly tied to
components and computer and software tech-
nologies, partially as a result of digitisation and
secondly because of growing integration. In the
“global system of information™ we refer to, TLC
plays a key role as the “communication” infra-
structure for information transfer.

5.1. High-speed Networks
The introduction of fibre optics and digital

networks has brought about higher speeds and
broaderbands than in the past,not only at strictly
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local, but also at wider levels. This trend in trans-
mission lies at the basis of some important devel-
opments that are currently underway:

a) the development from optical-fibre LANs
towards FDDI (Fibre Data Distributed Inter-
face) systems and MANs (Metropolitan Area
Networks) with QPSX/DQDB (Distributed
Queue Dual Bus);

b) the development of narrow-band ISDN
towards broad-band ISDN (B-ISDN).

At the heart of these new technologies there
are two suppositions:

1) that new means of transmission (normally
based on optical-fibre systems) are intrinsically
more reliable than other similar networks and
lines, and require much less checking and main-
tenance;

2) that, at the extremes of the connections
provided by broad-band networks, there are “in-
telligent” systems to check and correct possible
errors.

The speed of the means of transmission avail-
able today must not be “choked” by processing
activities aimed at correcting errors or at routing
the present techniques, which are used for an
analog environment with a high degree of error.

Figure 11 outlines the development of broad-
band technologies and services. The two tech-
nological paths of FDDIs and FPS (Fast Packet
Switching) relate to two different environments.
FDDIs are found mainly in the local environ-
ments typical of LANs; FPS in digital public net-
works (making it more correctly a development
of ISDN). FDDIs are mainly oriented towards
data, text and still images; while FPS is also
oriented towards the integration of voice and
moving images.

DQDB is the reference standard for MANs,
even though several implementations are cur-
rently using FDDI.

FPS

Fast packet switching techniques differ con-
siderably from the packet switching defined in
the CCITT recommendation X.25. In general,
these new technologies simplify the transmission
of digital information through a network, sacri-
ficing some of the X.25 capacities. One of the
main losses is the spotting of errors. X.25 places
error location and correction within the network
itself. The new technologies give this responsi-
bility to the network’s terminal systems.

By using fast packet switching techniques, de-
lays can be reduced to such an extent that even
delay-sensitive information (such as voice and
video) can be transmitted. FPS techniques can be
divided into two main families: those based on
frame relays and those based on cell relays.

Frame Relays

Basically, the frame relay is an interface be-
tween a local environment (generally a LAN)
and a high-speed wide-area network with vari-
able-band packets and with an overhead reduced
to the minimum to lessen protocol processing
times. The frame relay is based on the CCITT
1.122 (LAPD) standard and refers to the Q.931
protocol for the call setting of virtual circuits, and
to CCITT1.462 (X.31) for the “support of packet-
mode terminal equipment by ISDN”. The frame
relay is an interface and it is not specified how it
should be used between one switching point and
another; protocols and proprietary logics are
being developed.

Cell Relays

Unlike frame relays, the cell relay is a method
of access to high velocity for broad-band net-
works. Cell relay technology is based on fixed-
length units of information called cells, as de-
fined by the ATM (Asynchronous Transfer
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Mode) standards as faras switching is concerned,
and the SDH (Synchronous Digital Hierarchy) as
faras the transmission architecture is concerned.
These two standards are the supporting pillars
of the future broad-band ISDN.

ATM

ATM (Asynchronous Transfer Mode) is a
multiplexing and switching technique relating to
the first two functional levels of the ISO-OSI

model. ATM is defined by CCITT as a transmis-
sion mode in which information is organised into
cells. It is asynchronous insofar as the resort to
cells depends on the required bit rate. All of the
information is transferred in fixed-length units
known as cells. CCITT defines the characteristics
of cells in terms of speed, dimension and format.
The essential characteristic of the ATM tech-
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nique is the reduction of the processing activity
at each individual point to a minimum, in order
to increase the speed of transit. ATM enables the
allocation of speeds, and therefore bands, on
demand; and the channel mix available on the
interface can be allocated and changed dynami-
cally.In practice, all available transmission bands
can be bundled in accordance with the require-
ments of the various kinds of service.

ATM maintains some features of packet and
circuit switching. From packet switching, it has
taken the statistical multiplexing of various
flows/sources on specific physical links, and
therefore a variable delay in passing through the
network. From circuit switching, it preserves the
simple, fast point-by-point processing of cells,
delegating the role of checking and correcting
possible errors to the intelligence present at
each end of the connection.

SDH

The SDH (Synchronous Digital Hierarchy)
transmission standard is the international speci-
fication issued by CCITT and based on the USA
proposal SONET (Synchronous Optical Net-
work). The main aim of this standard is to define
the way in which the multiplexing of more than
one digital flowis carried out at various speeds in
a single transmission carrier (an optical-fibre
cable, for example). The SDH standard has
various significant advantages over the PDN
(Plesiochronous Digital Network) so far used
for digital means of transmission.

The following advantages are worth mention-
ing: the vast amount of information on transmis-
sion systems using SDH allows great operating
advantages in the use and maintenance of equip-
ment; high operating flexibility ; the insertion or
removal of digital flows at various speeds; com-
patibility between equipment made by different
manufacturers.

5.2. Mobile Communication

The explosion of telecommunications in
motion (particularly that of mobile telephony)
has created a mass market. The spread of cellular
technology has led to the development of an
extremely wide range of new services. Telepoint,
personal communications networks, telephones
on board aircraft, cordless LANs, radio-locating
services using satellites and radio data-trans-
mission systems are only a few of the options
available to an increasing number of users.

The first systems installed were of the analog
kind, mainly functioning on the 450-MHz band.
Their use is generally restricted to the main cities
and subscribers generally fall into the category
of business users.

The market explosion has led several coun-
tries to introduce an analog link-system operat-
ing at a frequency of 900 MHz. All of this devel-
opment and the diversification of services is
based on an extremely scarce resource: the
frequency spectrum.

This factor is giving rise to the increasingly
urgent need to introduce digital systems, which
not only offer more sophisticated services (voice
and data), but above all allow a much better
exploitation of frequency resources.

The pan-European GSM (Groupe Speciale
Mobile) provides a global system for mobile com-
munication, and is going to become the main
digital infrastructure for voice and data digital
TDM (Time Division Multiplexing) mobile
services.In fact,the GSM system will be simulta-
neously introduced in many European countries
by opening the system up to competition. GSM
will also be the basis for PCMs (Personal Com-
munication Networks), and the related PCSs
(Personal Communication Services).
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In Europe, the PCN is already a standard
awaiting ETSI approval. The PCN project (DCS
1800) will be based on the 1.8 GHz development
of the GSM. As such, it should benefit from all of
the standardisation and testing activities which
will be carried out for the pan-European system.

Table 2 shows the standards we will refer to
for mobile communication. Mobile communica-
tion products include conversation radio-lele-
phone terminals for the public service, private
radio-telephone terminals and apparatuses for
private communication networks, telephone
paging-system terminals for the public service,
and private paging systems in local environ-
ments.

5.3. Cordless LANs and PABX

There are three solutions to CLANSs, each of
which uses adifferent part of the electromagnetic
spectrum (see Figure 12):

- Spread Spectrum Technology (SST);
- Microwave;
- Infrared.

The principal difference between each of the
techniques is one of obstacle penetration. The
higherthe frequency, the greater the attenuation
of the signal when it hits a physical obstruction.
Attenuation is the propensity of a signal to
weaken as it passes along a transmission path, the
degree of attenuation being determined by the
resistance it encounters.

Standard Definition [ Band Technique
CT2 Cordless Telephone 864-868 MHz Digital
FDMA*
CT3 Cordless Telephone 800-1,000 MHz Digital
900 MHz TDMA**
DECT Digital European Cordless 1,700 MHz Digital
Telecommunication TDMA**
GSM Global System for Mobile Communication | 900 MHz Digital
TDMA**
PCN Personal Communication Network 1,800 MHz Digital
(DCS 1800) (English version) TDMA**
PCS Personal Communication Services Different
(USA) frequencies
ERMES European Radio Messaging System 170 MHz J

Source: SMAU

*FDMA: Frequency Division Multiplex Access
**TDMA: Time Division Multiplex Access
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The greatest advantage of cordless PABX
(Private Automatic Branch Exchange) is the
possibility of expanding the number of exten-
sions and changing their location without need-
ing to undertake building or installation work.
In the data-transmission area, the opportunities
opened up by cordless PABX could be extended
with the “cordless modem”that sets up a connec-
tion without a fixed extension; and the same
could apply to fax.

5.4. Satellites

Averyimportant innovation for the future of
European satellite services was the publication
of the EC Green Paper on satellites in November
1990. According to the EC, satellite services of
the 90s cannot develop within an environment
that is over-regulated, and far-reaching liberali-
sation is suggested. The EC Commission is con-
vinced that satellite communications present
no threat to the infrastructures of earth-based
networks.

The most important technological develop-
ment underway in space systems is the new gen-
eration of multibeam satellites, of which the first
example, Intelsat VI, was launched in October
1989. Such systems allow a much more efficient
use of frequencies and require smaller Earth-
based receivers than the previous generation.

The development of VSATs (Very Small
Aperture Terminals) has led to an increasing use
of satellites in private company networks over
recent years.

Many large users and suppliers of services
are incorporating satellite technologies in their
networks.

Among the application fields for satellite
technology, television and telecommunications
are at present more or less equal in importance.

Inthe area of radio communications,growing
use of satellites is being made in radio-locating
and message transmission services, which are
particularly useful in the transport sector.

Figure 12
Electromagnetic
Spectrum
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6. New Services and Applications

In every field of human activity, ICT is now
offering tools and solutions for significant im-
provements in both the quality of the work and
the productivity of the end user. By definition, an
“application” is a “vertical solution” to a specific
problem; therefore, each “vertical” sector is
undergoing continuous and dynamic evolution.
But from a technological point of view, the main
characteristic of most innovative services and
applications is the “functional integration” be-
tween different technologies and logics. Typical
examples are multimedia applications.

A second significant aspect is the current
availability of standards.

At a“high”functional, the concept of integra-
tion can refer to different things: the integration
of different types of information, the integration
of different application architectures, the inte-
gration of the interaction between end-users and
machines/applications. There is a lot of inno-
vation in applications in all of these directions.

Increasingly powerful PCs and workstations,
with new multimedia, speech synthesis and
voice-recognition options, represent the new
“integrated” interface between the human being
and the system.

Significant innovations are also being made
in the new generation of office information sys-
tems, where multimedia devices, decision sup-
port systems (based on expert and Al systems)
and real interoperability with accounting sys-
tems are a constantly growing reality.

The trend is to provide increasingly “intel-
ligent” support for decision makers by accessing
and selecting the right information when, where
and as necessary.

There are many tools which help profes-
sionals to do their work: simulation, project
management and CAD/CAM systems, and pre-

sentation managers. Thinking systems inter-
operating with local and remote databases now
exist on PCs and workstations.

Factory automation is an area where CIM
(Computer Integrated Manufacturing, which
includes CAD/CAM techniques) and robotics
have already changed working styles, and where
functional ICT integration is achieving signif-
icant results.

New education and training applications allow
faster and easier learning. These tools, together
with others, open up new working opportunities
for disabled people.

Digital PABX with computers and multi-
media workstations provide real “integration” in
terms of both transmission and application, and
they have already reached the goal of computer
and communications integration, at least from
the point of view of technological capability.

The evolution of public networks and ser-
vices is also offering new “integrated” high-level
services through the development of “intelligent
networks”.

6.1. Intelligent Network Services

The concept of an intelligent network dates
back to 1986, when Bellcore (the research centre
of the seven American regional telephone oper-
ating companies) coined the term and defined
the first specifications (IN/1). Over the years,
both the concept and the various services have
taken on more precise characteristics with the
release of further specifications, IN/1 and IN/2
AIN (Advanced Intelligent Network), broadly
defined in 1990 through an MVI (Multi Vendor
Interaction) interactive process. Along with the
regional American telephone operating com-
panies, developments have also involved 16 sup-
ply companies (suppliers of switching systems
and information technology companies).
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The term “intelligent network” indicates a
telephone network architecture based on the
separation of the transport from the signalling
network (it is the latter which transmits infor-
mation on call processing). The system provides
access to databases containing supplementary
information which radically alters the service
offered. The separation of the supply of the ser-
vice from the processing of calls allows the rapid
introduction of services by using software plat-
forms which are developed independently of the
kind of exchange used.

In the main, the advantages for telephone
operating companies of introducing such an
architecture are a more efficient allocation of
network resources and the possibility of extra in-
come deriving from the supply of a large number
of additional services.

The main intelligent network services are:

a) Freephone: these are calls paid for by the
receiver with special features such as variable
routing of calls according to the geographical
source of the call or the time of day, the selective
blocking of calls and the distribution of calls to
various offices according to percentages defined
by the user. These facilities are already available
through intelligent pre-networks. These pre-net-
works can be modified by the users themselves
(the customer control service) by accessing the
management system in order to alter the system
set-up directly.

b) Charge calls: these give access to informa-
tion services supplied by third parties (service
suppliers) and forwarded by the network. Callers
are charged for the cost of the call as well as the
cost of the service. These systems can make use
of the same programmable facilities as those of
the freephone services. This family also includes
tele-voting or tele-polling services (for research
and surveys), where callers dial the phone
number of the service and then add other
numbers (e. g.1foryes, 2 forno) to express their
preference.

¢) Peak call handling: this guarantees normal
telephone traffic by providing selective blocking
and alternative routing at times of peak calls due
to special events, television programmes, etc.

d) Near-private networks: these provide
users with “made-to-measure” private telephone
networks within the public network by means of
specific software. The main features of the sys-
tem are a private numbering system, selective
blocking of calls, proof of call,authorisation code
management, transfer of calls, management of
special charging methods and customer control.

6.2. Application Standards

As described in Part One, Information Tech-
nology Standardisation, application standards
are becoming increasingly important.

Several application standards have been or
will be defined by ISO and CCITT, all aligned
on the Application Layer (layer 7) of the OSI
Reference Model. The most important standards
refer to office document, electronic mail, elec-
tronic data interchange and application coopera-
tive processing.

The main interest of ISO is now DTP (Dis-
tributed Transaction Processing) for “open” and
distributed OLTP and RDA (Remote Data Base
Access).

Due to the impact it has on the information
system and the company operations, some refer-
ence must be made to EDI.

EDI

EDI (Electronic Data Interchange) defines
a standard form for the electronic exchange of
trading documents, such as invoices or purchase
and payment orders. The EDI standard is EDI-
FACT (EDI for Administration, Commerce and
Transport),sponsored by the United Nations, the
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European Community and the European Free
Trade Area. ISO 9735 defines the application
layer syntax rules. The EDIFACT standard spec-
ifies the trading messages and the related design
guidelines, syntax, segments and data elements.
About 100 messages are currently under develop-
ment, but only a few have reached Stage 2 final
standard status (the other three stages are 0 for
draft, P for “agreed proposal”, 1 for “draft for
formal trial”).

The adoption of EDIis a significant evolution
in corporate architecture, and has a real impact
on working styles. The main benefits of EDI are:

a) more accurate recording: it is estimated that
only 75% of manually entered data is correct;
with EDI, the information goes directly from
one computer to another without any manual
intervention, thus eliminating the possibility
of human error;

b) a reduction in data-entry costs;
¢) areduction in postal costs;

d) areduction in the amount
of paper in circulation;

e) better service for the client;

f) a reduction in storage costs: by managing
orders in real time, suppliers and customers
know exactly what goods will be delivered
where without having to resort to inaccurate
estimates; in general, it is estimated that
the level of stock reduction will be in the
order of 80%;

g) a better cash-flow: if the need arises to
exchange documents (invoices, forexample),
there is less room for disputes if ED1 is used,
and payment and collection can take place
more punctually;

h) better information for management: EDI
provides immediate access to information
relating to statistics on orders, supplier be-
haviour, a client’s credit rating and transport
costs/times.

Other application standards

FTAM (File Transfer, Access and Manage-
ment) [ISO 8571 (1..5)], VI/VTP (Virtual Ter-
minal/Virtual Terminal Protocol) [ISO 9040,
1SO 9041 (1..2)], JTM (Job Transfer and Manipu-
lation) [ISO 8831,1SO 8832] are the “traditional”
application services and protocols that “virtu-
alise” the file, the terminal and batch jobs on
the network.

X.400 is a set of CCITT recommendations
defining a “message handling system” which
electronically emulates postal services. CCITT’s
first version (1984) is widely used in electronic
mail products, and the new version (1988), which
adds new functions, was accepted and ratified by
ISO in 1990 as 10021 (1. .7). X.400 is now con-
sidered the message exchange infrastructure for
all other messages standards, such as ODA/
ODIF, EDI and MMS. X.500 and the accom-
panying IS0 9594 (1..9) define adirectoryservice
to be used on-line as the common, worldwide
“yellow pages” for electronic mail. The services
include the mapping of physical names with nick-
names, a list of available services in the network,
and the management of password and access
rights for users. For office automation, a sig-
nificant reference is the ODA/ODIF standard,
ISO 8113 (1..10): ODA (Office Document Archi-
tecture) defines the medium for exchanging
complex office documents such as letters, re-
ports, notes, etc. ; ODIF (Office Document Inter-
change Format) defines the formatting of the
documents themselves.

For factory automation, the main reference
standard is MMS (Manufacturing Message
Specification). This standard defines machine-
to-machine communication and introduces
the concept of VMD (Virtual Manufacturing
Devices) for interfacing different types of fac-
tory floor devices and robotics in the same way.
MMS is specified as ISO 9506 (1.. 4).
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Information Technology
Standardisation

1. Introduction

Standards can open up new market opportu-
nities and unify market requirements. Standards
can stifle product sales. Standards can remove
trade barriers and create them. Standards can
promote safety yet inhibit innovation. Standards
can promote great advancements or even result
in disastrous economical effects. Standards can
cost fortunes and make fortunes. Standardiz-
ation is a highly political and strategic matterand
the executive who ignores it can be missing great
opportunities and incurring enormous risks to
himself and to his organisation.

The ubiquitous application of Information
Technology (IT) including Telecommunication
throughout science, industry, commerce, acad-
emy and almost every aspect of our highly com-
municative society is increasingly dependent on
a hierarchy of timely, complex and internatio-
nally based standards.

In the field of Information Technology the
user requirement to interconnect and communi-
cate among systems of varying capabilities and
architectures has posed a major challenge to in-
ternational standardisation bodies.

Standards for computer hardware and soft-
ware must be closely coordinated with standards
and protocols for communications systems and
networks. This has required the International Or-
ganisation for Standardisation (ISO) and the In-
ternational Electrotechnical Commission (IEC)
to cooperate much more closely with each other
as well as with the International Consultative

Committee for Telegraphy and Telephony
(CCITT) of the International Telecommunica-
tions Unions (ITU) and many otherinternational
regional organisations.

The IEC and ISO have successfully com-
bined their activities in Information Technology
into a single Joint Technical Committee (JTCI)
of huge proportions involving thousands of tech-
nical experts around the world. The creation of
JTCI has facilitated the cooperation among the
non-intergovernmental organisations IEC and
ISO with the treaty organisations ITU and
CCITT. As aresult, the many hundreds of highly
technical standards needed are being produced.

The cost of producing IT standards is enor-
mous. Thousands of people are involved from
hundreds of organisations. In many cases those
involved represent the most highly skilled and
scarce talents that their organisation have to
offer.

Successful production of the hundreds of
standards needed forinteroperability of informa-
tion technology systems does not by itself ensure
interoperability. Decisions as to which options
will be used among and within the standards
have also to be taken. This requires liaison
among the standards writing organisations and
those dealing with the selection of options in
organisations such as COS (Corporation for
Open Systems/USA), SPAG (Standards Pro-
motion and Application Group/Brussels), POSI
(Promoting Conference for OSI/Japan), etc.
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Other significant contributors to the process
are the European Computer Manufacturers As-
sociation (ECMA), the European Workshop for
Open Systems (EWOS), the American National
Standards Institute (ANSI) T1 Committee, the
National Institute of Standardisation and Tech-
nology (NIST) as well as the Asian Oceanic
Workshop for Open Systems (AOW).

Professional societies such as the Institution
of Electrical and Electronic Engineers (IEEE)
are also heavily involved in the IT standards
process making key contributions such as the
IEEE 802 Standard for local area networks.

The official standardisation structure in-
cludes “top down” as well “as bottom” up ap-
proaches in which national Standards Institutes
send delegations of experts to the Technical
Committees of ISO, IEC and JTCI. The results
are implemented in national Standards on a
voluntary basis. In Europe the regional (Euro-
pean) organisations CEN (Comité Européen de
Normalisation) and CENELEC (Comité Euro-
péen de Normalisation Electrotechnique) seek
by their rules that all European Standards (EN)
will ultimately become national standards.

In the European Telecommunications Stand-
ards Institute (ETSI) some of the ETS (European
Telecommunications Standards) such as the
TBRs (Technical Bases for Regulation) become
compulsory by transferring them into CTRs
(Common Technical Regulations) by the Euro-
pean Commission.

Government interest and involvement in IT
standardisation at national, regional and interna-
tional levels is high. The United Nations, for ex-
ample, is concerned with the need for Standards
for Electronic Document Interchange (EDI).

The Organisation for Economic Cooperation
and Development (OECD) has taken great inter-
est in telecommunications liberalisation, type

approvals and is now studying the overall stand-
ardisation process to see if it inhibits or advances
economic advancement of its member nations.
The European Community is heavily involved
through CEN, CENELEC and ETSI to ensure
that Standards are being delivered on time and
that cartels are not being developed. Also the
European Community is concerned that patents
and intellectual property rights are not inhibiting
the process. The fact that the Standards being de-
veloped within the IEC,ISO and CCITT process
are in many cases being derived from the van-
guard of high technology development raises
important issues concerning patents and intel-
lectual property rights.

In summary IT standardisation involves
major resource expenditures, high risks in pro-
duct development and marketing, patent and
intellectual property rights, political and image
issues, regulatory controls and trade barrier con-
siderations as well as a host of other strategic
issues. However, it must be noted that standard-
isation establishes the larger market size needed
to pay forthe growing investment in research and
development required by the IT-industry and its
users. Accordingly standardisation is not a sub-
ject to be ignored: it must be throughly under-
stood and intelligently dealt with on a strategic
basis.

83



84

Figure [

The Complex World
of Information
Technology
Standardisation



Part One

Information Technology Standardisation

2. The International Scenario
of Standardisation Efforts

In the technical world clearly agreed specifi-
cations, which are applied world-wide, can have
an enormous economic benefit, foster interna-
tional trade and enable new market driven tech-
nical solutions. The best success of such interna-
tional standards results when their application is
voluntary. Because of theirapplicability IT Stand-
ards are adopted by industry and commerce.

International standards unify market require-
ments world-wide. This results in lower product
costs and benefits users.

This benefit of international voluntary stand-
ards was recognised some 80 years ago.The Inter-
national Electrotechnical Commission (IEC)
was established 1906 and the foundation of the
International Organisation for Standardisation
(ISO) took place on February 23, 1947. The tele-
communications sectoris covered by CCITT and
CCIR which are the Consultative Committees of
the intergovernmental International Telecom-
munication Union (ITU) founded 1865 and since
1947 a specialised agency of the United Nations.
The CCITT and CCIR-Recommendations were
up to now not completely voluntary as the na-
tional telecommunications administrations use
them as regulations. However, due to the in-
crease of innovation and competition also in this
sector, more openess and flexibility is taking
place under restructuring.

ISO is comprised of 90 national standards
bodies and performs its technical work in 2,651
technical bodies, which include about 300 de-
cision making Technical Committees (TC). It
has published 8,370 ISO-Standards, of which
240 were edited in the first half of 1992.

IEC, responsible for international electro-
technical standards, is comprised of 44 national
standards bodies and performs its technical work

in more than 200 technical committees including
subcommittees plus additional working groups.
It has published 3,400 IEC-Standards (with
about 68,000 pages) 266 of which were edited
in 1991.

Information Technology as an interdisciplin-
ary sector was standardised in the 1970 in both
IECandISO.Then in19871SO and IEC formed a
joint activity by establishing the ISO/IEC Joint
Committee 1 (JTC1).JTCl is comprised of 18 sub-
committees, 89 working groups and special
working groups and a special group on functional
standardisation (see Table 1).It is responsible for
more than 900 projects, with approximately 300
published standards, 150 Draft International
Standards, 250 Committee Drafts and close to
320 Working Group Drafts. In 1992 there was a
total of 320 international IT standards published,
most of them developed by JTC1. These stan-
dards contain a total of approximately 35,000
pages of technical information. In 1992 JTC1
published almost 30% of the total international
standards output of ISO and IEC. The average
project-duration (from the proposal of a new
work item to the finalised ISO/IEC Standard)
is with 45 months 25% shorter than in ISO.

JTC1 has established a strategic planning .

group in order to handle the enormous demand
for IT-Standards in a market driven and future
oriented way. The latest established JTC1 Sub-
committees mirror the present requests for
future standardised solutions in the field of IT
Security Techniques and the Coded Representa-
tion of Picture, Audio and Multimedia/Hyper-
media Information.

To speed up the standardisation process,
JTCI has a large number of liaisons with other
organisations e. g. ECMA, IEEE, SPAG, COS,
EWOS, AOW, etc. With CCITT collaborative
procedures are established resulting in fruitful
cooperation and common standards in many
fields. Also Standards Conformity Assessment,
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besides test specifications, has become an im-
portant JTCI issue resulting in an intensive
dialogue with ISO’s Conformity Assessment
Committee (CASCO).

For the structure of international IT Stand-
ardisation and its corresponding European and
national organisations see Figure 2. The structure
of ISO/IEC JTCI is shown in Figure 3.

The impact of proprietary solutions and
patents on standards has been handled in the
past in such a practical manner that Intellectual
Property Rights (IPR) owners or the patent
holders have been encouraged to have their
solutions promoted via standardisation by
granting licences on a fair, reasonable and
non-discriminatory basis. This generally applied
[SO/IEC Patent Policy has become widespread
in Information Technology as an efficient and
practicable procedure.

Information Technology (IT) standards are
developed today in a complex, interactive sys-
tem of non-intergovernmental national, regional
and international organisations. Professional
societies also play a strong role and there is
cooperation with the treaty organisations devel-
oping the telecommunications standards also
necessary for IT.

While the issues involved in IT standard-
isation are highly technical they are also often
highly political and of both short and long range
strategic significance to producers, users and
governments. Accordingly, executive under-
standing of standards issues is essential as other-
wise significant economic benefits can be lost
and costly and even catastrophic mistakes made.

Unfortunately, the international standards
arena is so rife with acronyms that attention to
the subject is often quickly lost. Appendix A7
contains some technical and organisational
acronyms for the reader’s convenience.

Figure 2
Standardisation
Bodies Involved
with Information
Technology
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3. European Standards and their Role
within Community Legislation

The free exchange of goods and services in
Europe was one of the essential objectives of the
Treaty of Rome, which started the important
process of forming a European Economic Com-
munity. To achieve this task, all legal and non-
tariff or technical obstacles had to be removed
within the Member States. For technical speci-
fications, having the status of (binding) regu-
lations or voluntary standards, this required a
harmonisation process.

In the beginning of the European Commun-
ity (EC) the Commission harmonised the tech-
nical details within an EC-Council Directive. To
ease this task, the Council Directive on an Infor-
mation Procedure in the Sector of Standards and
Technical Regulations was adopted on March 28,
1983 (83/189/EEC). Accordingly a system for
transparency and harmonisation of national,
technical and legal regulations as well as a frame-
work forimprovement and acceleration of Euro-
pean standardisation was established.
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However, the approach of stating technically
detailed requirements within the EC-Directive
was not continued due to the increasing amount
of technical requirements necessary to meet the
essential safety requirements harmonisation re-
quested in Art. 100a of the European Economic
Community Treaty. Also the agreed time frame
for the finalisation of the internal market in
Europe by 1992 required a new approach. This
new approach in the sector of technical harmon-
isation and standards to achieve the abolition
of technical barriers to trade was approved on
May 07, 1985 by a Council Resolution with the
following key points:

- The approximation of the laws of the Member
States is focussed on the essential require-
ments in the EC-Council Directive.

- The European Standards Organisations (CEN,
CENELEC and later also ETSI) are assigned
to develop the necessary technical specifica-
tions within European Standards to meet the
essential requirements.

- The implementation of European standards
remains voluntary. However, in case a manu-
facturer deviates from these standards he has
to prove that their essential requirements are
met.

Another supporting step was the Council
Decision of December 22, 1986 on standardisa-
tion in the field of Information Technology and
Telecommunications. Here a clear priority to
implement international standards - when clear
specifications are included - was given. Also
public procurement for IT products was clearly
contingent on the conformity to the European
standards.

In the Information Technology (IT) sector a
Senior Official Group for IT Standardisation
(SOGITS) and in the telecommunications sec-
tor the Senior Official Group for Telecommuni-
cations (SOGT) was established to assist the
Commission of the European Communities

(CEC) to indicate which IT-Standards are to be
developed. In this case the Commission will
support the creation of the relevant Standards by
mandates or project team fundings.

The European Standardisation Organisa-
tions (CEN, CENELEC and at that time CEPT)
did agree to implement European standards as
national standards via their members and the
national standard institutes. By this procedure in
the EC-Member States, identical standards are
published and opposing specifications with-
drawn. This is the common technical basis to en-
force and apply the implemented EC-Directives
as laws of the Member States in a uniform way.
This demonstrates the significance of standards
as animportant aid to contribute economical and
political benefit to society.

4. The European Standards
Organisations
CEN, CENELEC and ETSI

CEN (Comité Européen de Normalisation) is
the European organisation responsible for plan-
ning, drafting and adopting European Standards
asatechnical basis forafunctioning internal mar-
ket. CEN was founded in 1957 and has 18 national
member organisations (EC and EFTA) plus 7
affiliates. In its 251 active technical committees
more than 600 European Standards (EN) and 50
pre-standards (ENV) have been developed up to
1992. 40% of these standards are based on, or
identical to, international (ISO/IEC) standards.
In the CEN sector Information Technology this
percentage is far higher due to its global market
orientation. CEN’s field of activity covers the
whole technical sector except electrotechnical
(CENELEC) and telecommunications (ETSI)
issues. The main fields of work are mechanical,
building products, medical, aerospace, informa-
tion technology, environment and transport/
energy/water. For the structure of CEN see
Figure 4.
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CENELEC (Comité Européen de Normali-
sation Electrotechnique) is the European Or-
ganisation responsible for the electrotechnical
standardisation and was established in 1959 as
CENELCOM. CENELEC has 18 national
member organisations (EC and EFTA) plus 5
affiliated national committees. In its 67 Techni-
cal Committees 240 European Standards (EN)
and 630 Harmonisation Documents (HD) have
been developed until 1992. 72% of these Euro-
pean electrotechnical specifications are identical

with international (IEC) Standards and another
17% are based on IEC Standards. The main fields
of the CENELEC work include electrical safety
of all electrotechnical products for domestic and
industrial use, electromagnetic compatibility
(EMCQ), electrotechnical product specifications,
electrotechnical quality/performance Standards
e.g.forcables, insulators, components and radio
receiving and transmitting equipment. For the
structure of CENELEC see Figure 5.
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ETSI(European Telecommunications Stand-
ards Institute) is the European organisation re-
sponsible for telecommunications standardisa-
tion and was established in 1988 in response (o
the Green Paper on the development of tele-
communications in Europe published by the
Commission. In the field of standardisation it is
the successor of the European Conference of
Post and Telecommunications Administrations
(CEPT). ETSI has more than 300 individual
members consisting of PTT administrations,
telecommunications operators (network provid-
ers), manufacturers, users, etc. and about 50 ob-
servers (e. g. associations). Until 1992 140 Euro-
pean Telecommunications Standards (ETS) or
Interim Standards (I-ETS) and 50 European
Telecommunications Reports (ETR) have been
published. Part of them are based on interna-
tional (CCITT or CCIR) telecommunications
recommendations. ETSI’s technical work is per-
formed in the Technical Committees Advanced
Testing Methods (ATM), Business Telecommu-
nications (BT), Equipment Engineering (EE),
Special Mobile Group (SMG), Human Factors
(HF), Network Aspects (NA), Paging Systems
(PS),Radio Equipment Systems (RES), Satellite
Earth Stations (SES), Signalling, Protocols and
Switching (SPS), Terminal Equipment (TE) and
Transmission and Multiplexing (TM). For the
structure of ETSI see Figure 6.

The European standardisation organisations
CEN and CENELEC have a federation struc-
ture, wherein national organisations control and
delegate the activities. ETSI is a direct member
controlled organisation with a membership fee
related to voting rights. Financing and voting are
divided into one third for the administrations,
one third for the telecommunications operators
and one third for the manufacturers. National
voting as in CEN and CENELEC is applied only
in technical standardisation matters.

Another specific procedure, which was intro-
duced when ETSI started the standardisation
process, is the establishment of project teams
(PT). These project teams consisting of special
experts for a specified task, are financed by
ETSI’s costed work program to speed up the
standards development process. In some cases
individual members or quite often the EC-Com-
mission finance the project teams by the volun-
tary work program. ETSI scts up a work program
with clear deadlines and budget provisions while
CEN and CENELEC prefer the bottom-top
working procedures where the experts and the
national standards institutes define priorities.
However, ETSI is not only concentrating on vol-
untary standards but develops also the Technical
Bases for Regulation (TBR) which the EC-
Commission then converts into legally binding
Common Technical Regulations (CTRs).

Meanwhile the three organisations have
organised and coordinated their activities so as
to cooperate in a [ruitful manner. The Joint
Presidents Group is convening regularly to opti-
mise cooperation between CEN,CENELEC and
ETSI. To harmonise further on an international
basis CEN and CENELEC have approved the
Vienna Agreement in 1991. This envisages
enhanced cooperation between CEN and ISO
and between CENELEC and IEC especially
on standards drafting and parallel approval
(parallel voting) on international and European
standards.

5. The Commission's Green Paper
on the Development
of European Standardisation

The Commission of the European Com-
munities has a strong interest in the European
standardisation process and organisations (see
Chapter 2).
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A Green Paper on the Development of the
European standardisation was launched on Jan-
uary 28, 1991 by the Commission. In the Green
Paper strong centralisation was proposed with
the objective of improving efficiency. Also strong
involvement of the Commission was envisaged.
To speed up the process and reach greater
flexibility another key point was to support the
project team procedure (of ETSI) with private
consultants drafting standards. Also direct
European participation in one working language
in a large European Standards Organisation was
suggested with financing to be provided by the
interested groups (except payments by users).
Alarge number of comments have been received
on the Green Paper and on June 18, 1992 the
resulting Council Resolution on the Role of
the European standardisation in the European
Economy was published. In this resolution the
following key points are emphasised:

- General importance of a coherent European
standardisation system which is transparent,
open, consensus-based, efficient and sup-
ported by all parties concerned without being
dependent on single interests.

- Standards must remain voluntary although
they are subject to public interest.

- International standards are beneficial when
internationally applied. They should be taken
over as European Standards when they meet
European demands.

- Qualityand applicability of standards is a major
requirement and equivalent to timely and up-
to-date standards.

- Clear standard requirements with uniformly
applied test specifications must be available
in all European Member States, so that the
European Directives and Regulations can be
practiced.

- The standardisation process should take in-
creasing account of small and medium size
companies as well as of users.

- The European Standards Organisations shall
be supported in improving efficiency and
speed. The European Commission as well as
the national governments are requested to
contribute and provide financial support.

- An European Standard Conformity Mark
shall be promoted by the Commission and the
European standards organisations.

6. Conformity to Standards -
the European Approach

The European Community (EC) requests
harmonisation of binding regulations and vol-
untary Standards to abolish technical barriers to
trade and facilitate the development of the inter-
nal market (see Chapter 2).

This harmonisation is performed by the
Commission of the European Communities
(CEC) and approved by the Council of the ad-
equate European Ministers, when legally bind-
ing Directives are concerned. The harmonisation
of Standards is performed by the European
Standardisation Organisations. However, only
compliance to the Regulations and Standards
can finally create the confidence which allows
Europewide exchange of IT products without
further control.

The unconditional prerequisite for assigning
astandard conformity statement is testing. These
tests are in general performed during the de-
velopment and manufacturing processes. These
first party tests at the manufacturers premises
are commonly used with complex products and
systems such as typical within the Information
Technology. One test of the finalised product is
sufficient only with simple products.

In the past some producers had their test acti-
vities outsourced to “third party test” institutes,
especially when one final test at the end product
could deliver an adequate assessment. Some of
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the users also control the standards conformity
in akind of incoming product control as so-called
“second party tests”.
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