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tion will play a paramount role. This includes education and training, and concerted action with
the social partners. Moreover, it is very important to avoid widening the economic and social
disparities between the metropolitan and the peripheral regions of the Community. An example
of our approach here is the special telecommunications action for regional development, the
STAR programme, which is a concerted effort to upgrade telecoms in the less-developed regions
and keep them connected to the mainstream of economic development. Furthermore, on a
global scale, it is our role to foster as much as possible a common approach for the Community
in multilateral or bilateral negotiations in trade policy.

The proof that European collaboration works is evidenced by the excellent results of the R&D
programmes which, for ESPRIT, are presented in this report. These results are reinforced by an
overall Community strategy, which sets the conditions for success and amplifies the weight of
Europe’s collective presence on the world scene.
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To gain an understanding of the present status and trends within the European IT industry it is
useful to review their recent evolution. At the beginning of the 1980s European suppliers were in
a weak position in several sectors, and the situation of the European IT industry in general was
giving cause for concern. The European IT industry in the early 1980s was characterized by a
decreasing market share, leading to lack of critical mass, low R&D and reduced capital invest-
ments.

Something substantial needed to be done to attempt to reverse this trend. It was generally
recognized that the European scale was the only practical level for concerted action; the frag-
mented national markets were too small to provide the economies of scale required to compete
and "national” companies could not find a sufficient space for expansion in their national market
alone: worse yet, national public policies tended to polarize these too precisely towards their
national markets.

The ESPRIT Programme

ESPRIT (European Strategic Programme for Research and Development in Information Technol-
ogy) was defined after a thorough analysis undertaken in close liaison with industry in 1982 and
1983.

ESPRIT has the following three objectives:

— 1o provide European IT industry with the basic technologies to meet the competitive require-
ments of the 1990s;

— to promote European industrial cooperation in IT;
— to pave the way for standards.

The first phase of the ESPRIT Programme started in 1984. The total R&D efforts of the first
phase amounted to 1,500 MECU, 50% of which were borne from the Community budget, the
other 50% by the participants in the Programme.

The Programme is implemented by projects selected from public calls for proposals and based
upon the annually updated Workplan. The Programme comprises collaborative pre-competitive
research and development projects, carried out across frontiers by Community companies,
universities and research institutes. Under ESPRIT |, 226 projects have been launched, each
containing at least two independent industrial partners from different Member States. 3,000 en-
gineers and scientists are working full-time on ESPRIT | projects, coming from 420 independent
organisations. All indications are that ESPRIT | is well on its way to meeting its objectives.

In fact, even before the completion of ESPRIT I, ESPRIT Il was initiated in 1988. It is a larger
scale operation, but still preserves the mechanisms used in ESPRIT | - the cost-sharing between
Community and partners, the consensus-building, the Workplan and the on-going assessment
principle. The total of ESPRIT Hl is 3,200 MECU, of which 50% is allocated from the research
budget of the Community. ESPRIT Il is estimated to represent about 5% of the R&D expenditure
in the IT industry. However, relative to the precompetitive part of R&D its share is much larger,
and it has played an important catalytic role in stimulating a growth of total R&D investment up
to levels which are now equal to that of US companies in terms of percentage of turnover.




Under the first call for proposals for ESPRIT Il, after a severe selection process by independent
experts, 156 proposals were selected to go through to contract. These 156 projects regroup
585 participating organisations and represent about half of the whole ESPRIT Il Programme. ES-
PRIT Il is broadening the process of industrial cooperation to include focused actions aimed
at specific shortcomings which have been identified.

Results

The central element of the ESPRIT mechanism is cooperation. Indeed, after five years, we
can clearly see that the basic idea of cooperation and resource-sharing has been working, perhaps
beyond expectations: indeed, at the outset of the programme, many people doubted that it
could be viable. The mechanism seems to be that, through a combination of result-sharing,
work-sharing and risk-sharing, there is indeed, despite some inevitable overhead, a multiplier
effect and an accelerator effect which enable the IT industry overall to achieve more that it would
have done otherwise and to achieve it faster.

The cooperation in ESPRIT has produced a large number of direct results and projects nearing
completion are delivering concrete results with major industrial impact. | refer to these in detail
in the table below.

ESPRIT | Programme Statistics 1988

Number of ESPRIT | projects 226
of which
Completed before 1988 37
Completed during 1988 54
Ongoing at end 1988 135
Participating organisations 526
of which
Companies with fewer than 50 employees 62
Companies with 50-500 employees 84
Other companies 181
Universities and research institutions 199

As of December 1988, 130 of the 226 projects had provided a total of 166 major results. Out
of these, 42 have contributed directly to products or services currently available on the mar-
ket; 48 have contributed directly to products or services being developed for the market but
not yet commercially available; 46 are being used outside the ESPRIT project, either within
the company concerned or in another company (technology transfer); 30~ have contributed
to standardisation, either being adopted as an international standard or being elaborated by
an international standards organisation working party. These results are discussed in detail
in the relevant area chapters, and some of the most important ones are summarised below
in the “Programme Highlights* section.




Beyond these direct technological results, ESPRIT has had a number of indirect effects, or spin-
offs.

All'in all, the momentum and impact of the ESPRIT Programme can be felt in the way that the
European IT industry is facing up to the technology challenge. Confidence and morale are
higher. IT industry is achieving critical mass, not just in R&D cooperation, but also in spin-off
partnerships beyond the original scope of particular ESPRIT projects, fostering strategic ven-
tures. IT industry is also restructuring in order to tackle the entrepreneurial opportunities of the
1990s, including the achievement of the single market. There is increased credibility on the part
of customers and suppliers, and European firms are taking an active role in developing world
standards.

We are beginning to see the fruits of the combined efforts and, in strictly quantitative terms, the
situation in the Information Systems industry is now quite different:

— European IT companies have doubled their R&D and capital investment in four years and are
now investing in R&D and capital investment a proportion of their sales very close to that of
US companies;

— based on an analysis of the top 25 data processing companies, European companies have
considerably increased their market share in Europe from 33% in 1983 to 48% in 1987. US
companies lost market share in the European market during this period.

However, these improvements do not mean the situation is satisfactory, far from it.
Remaining Points To Address

Although the European Information Processing industry seems on the way to overcoming some
of its previous weaknesses, major problems still remain. The IT balance of trade is negative and
the trend is also negative.

The Electronic Components industry has not progressed in Europe at the same rate as other
sectors of the IT industry, making the IT industry even more dependent on foreign suppliers of
critical and strategic components.

The situation is similarly critical in certain types of computer peripherals.

A further and critical weakness is the lack of trained personnel. Estimates of the required num-
ber of trained personnel vary widely but it is clear that not enough people with the right skills are
being trained.

ESPRIT is well positioned to provide the European IT industry with an efficient platform to de-
velop technology but also to act as a catalyst to further prepare the necessary joint-ventures and re-
structuring which are needed to face the challenges of the nineties.

The situation in the nineties will be quite different from that which we saw in the eighties, with
major new opportunities, but each presenting major risks as well.

1992 and the integrated market will clearly mean extra overall economy growth. The IT market
itself is expected to grow faster in Europe than the rest of the economy and also faster in Europe
than elsewhere.




This extra growth will obviously attract the world [T industry. The question is whether the Euro-
pean IT industry will succeed in taking advantage of these opportunities in the presence of the
increasingly competitive situation which they are likely to generate.

2. 1988 PROGRAMME HIGHLIGHTS

In the following sections, the overall strategy of each ESPRIT | area is outlined, and a selection of
the most important industrial achievement of ESPRIT during 1988 is presented. For a wider
discussion, and a full list of significant achievements, the reader is referred to the respective
chapters of this Report. A complete list of ESPRIT | projects may be found on pages 79 to 89.

2.1 Advanced Microelectronics (MEL)

The Computer-Aided Design (CAD) tools and the manufacturing processes developed in the Ad-
vanced Microelectronics area of ESPRIT are increasingly finding their way into industrial fabrica-
tion plants. These advanced tools and processes allow the smallest feature on the circuits to be
reduced to less than one micron, thereby permitting circuits with more than one million transis-
tors to be put on a single chip. The microelectronics ESPRIT projects are also extending the
scope of the tools and the applicability of the manufacturing and testing techniques to allow a
wider variety of circuits. This will result in chips for products in the consumer, computer and
communications fields which are both more flexible and cheaper.

in the CAD area, 1988 saw the emergence of a consensus on standards for the exchange of
design data. Significant results from CAD research projects have also been achieved. For
example, the CATHEDRAL design system for digital signal processing circuits was improved and
applied in the design of chips employed in digital colour video filter circuits and compact disc
audio players. The SPIRIT CAD system, produced by ICD from developments in ESPRIT Project
991, won prizes in the USA for production of the most compact layouts, which implies the chea-
pest cost. This system is used by Philips and is sold by ICD running on a workstation made by
PCS, the other partner in the project.

ESPRIT’s achievements in CAD also extend to circuits in the gallium arsenide (GaAs) compound
semiconductor material. A package produced by ArguMens is available on avariety of computer
workstations and out-performs other commercially available software packages. Projects de-
signed to cut down the cost of testing fabricated chips include the use of the revolutionary
technique known as Built-In Self-Test (BIST), where circuits to test the device are included on the
chip itself. During 1988 ICL sompleted the design of their first commercial circuit using BIST, and
thereby hope to greatly reduce their dependency on expensive external test equipment.

More demonstrator chips have been produced in the three major process technologies of com-
plementary metal oxide semiconductor (CMOS), bipolar silicon. and mixed CMOS and bipolar
(BICMOS). The SPECTRE project for CMOS is preparing for a 0.7 micron feature size process in
1989 and intends to fabricate circuits in five locations. Demonstrators produced by the sub-
micron Bipolar |l project led to further gate array families for Siemens’ internal use and for com-
mercial customers. Pilot runs on a 90 million ECU line led to full production of 1 micron scale
static memory chips by the end of 1988. ‘

A full range of multipliers, dividers and analog/digital converters have been produced in gallium-
arsenide, which is an ideal semiconductor for high-speed applications and consumes little power.
A wide range of circuit-making processes in GaAs is being tackled and the demonstration chips
are performing to the best world standards. Real-time signal processing is among the applica-




tions which will increase the demand for these compound semiconductor circuits. In the periphe-
rals area, research on magnetic materials for memory products has led BASF to launch a floppy
disc with three times the capacity available hitherto.

2.2 Software Technology (ST)

The Software Technology (ST) area of ESPRIT was set up to provide the European IT industry
with the methods and tools to produce more effective and efficient software systems. The main
directions taken in 1988 were to further encourage the industrial take-up of the results emerging
from the projects, and, through the integration of the ST and the Advanced Information Process-
ing programmes (see next section), to establish a new point of departure for the second phase of
ESPRIT. During 1988 progress was achieved in three major areas:

(a) Progress towards a common basis for software product development:

— The Portable Common Tool Environment (PCTE) project was completed during the year. It is
now providing a supportive environment for the development of state-of-the-art software pro-
ducts. It is already in use in European industry and universities.

- Ten projects intended to widen the availability of PCTE-based systems were underway during
the year, aiming to support their industrial use and hence influence the definition of interna-
tional standards.

(b) Greater rigour in the development of software systems:

— There has been progress in developing methods which will significantly improve the effi-
ciency of the software design process and the reliability of the end-product. Reliability is
important because maintenance of software requires two-thirds of most companies’ develop-
mental resources.

(c) Effective management mechanisms for the control of very complex projects.

- Software development projects often suffer from cost and schedule overruns. One way to
improve competitivity is to provide the managers of such projects with the tools to avoid
these problems. A number of projects are successfully tackling this area, and a prototype
has been produced for the development of an information system to support management
activities in the software product lifecycle.

2.3 Advanced Information Processing (AIP)

The main goals in this area are to ensure the development of and to lay the foundations for the
industrial application of knowledge engineering techniques for the production of sophisticated
software systems; to develop new computer architectures for symbolic and numeric processing
at very high speeds, and for fault-tolerant systems; and to develop advanced system interfaces
for effective communication between computing systems, between the computer and its environ-
ment, and between the computer and the user.

The emphasis during 1988 has been on the industrial take-up of results and on integrating this
area with the Software Technology area.




The resuits achieved can be classified into three groups: Knowledge Engineering, Computer
Architecture and Interfaces. One example of each follows.

Knowledge Engineering: on the basis of ESB, Project 96, the Expert System Builder for Knowl-
edge-Based Systems Development has been created. By the end of the project in September
1988, the Danish company Soren T. Lyngsoe had announced the commercial release of two
products based on the results of this project, THOR and ODIN, for the automatic creation of
power-plant applications. In addition Plessey is using this system internally, and TECSIEL has
announced the commercialisation of their system builder on a range of machines. In other pro-
jects, basic tools have been developed both for knowledge acquisition and the creation of Knowl-
edge-Based Systems, and the success of the demonstrators has assisted the transfer of this
technology to industry.

In the Supernode project, work by THORN-EMI, RSRE, INMOS, TELMAT, APSIS, and the Univer-
sities of Grenoble and Southampton has brought to the market a low-cost high-performance
muitiprocessor system which provides the best price/performance ratio among minisupercompu-
ters, leading to the two. T.NODE and PARSYS 1000 commercial productlines. Other systems will
be commercialised based on the T800 floating point transputer which was also developed in the
same project; 10,000 T800s are sold each month, many of them in Japan. The success of this
project led to the decision by Thorn EMI to launch the new start-up PARSYS.

Interfaces: the hardware and software for a system for speech and image recognition and under-
standing has been developed in SIP, Project 26. The speech system has been developed to
understand spoken sentences at a speed close to real time and will allow the on-line spoken
interrogation of databases. The image processing system will be of great benefit in, for example,
automated manufacturing systems by allowing robots on an assembly line to recognize compo-
nents. The systems were demonstrated at the ESPRIT '88 Conference.

2.4 Office Systems (0OS)

It has been evident for some time that employment is moving from factory to office and that
competitivity depends on efficient office systems. The design of the office of the future is becom-
ing clearer: it will use electronic means to replace gradually paper communication with electronic
document communication. The diversity of computer installations complicates this objective. Key
tasks in the office systems area are to ease the way humans deal with computer workstations,
and to ensure simple and secure communications between different makes of computer equip-
ment.

At the heart of the strategy is a multimedia office document architecture (ODA), which, it is
hoped, will be adopted by the major equipment manufacturers and assist software producers. In
1988 the ODA standard gained wider acceptance within ESPRIT projects and within the industry.
This format and method of sending documents has been adopted by the European Computer
Manufacturers’ Association (ECMA) and by the International Standards Organisation (ISO), and is
included in the CCITT T.400 series of recommendations. ODA-based word processors and de-
sktop publishing systems are expected on the market by 1990. Another project is fitting voice
into the standard ODA framework. '

New office products which go beyond traditional terminals, printers and facsimile transmission
are also being developed. A large-scale display panel with computerised control of up to 251
individual panels was tried out in 1988. Coding of picture signals may lead to an international
standard for digital - ISDN - telecom transmissions. Prototype workstations are also demonstrat-










The CARLOS project is aimed at providing OSlI interfacing for the benefit of users of personal
computers. The Carlos Network Management Centre has been instalied by the Danish Library
Service, and the Virtual Terminal (VT) has been selected for use by British Telecom.

With respect to the support given to European researchers for their computer networking acti-
vities, the RARE (Réseaux Associés de la Recherche Européenne) message-handling project has
doubled in coverage in 1988 and now involves over 350 sites worldwide.

The EUREKA COSINE project aims to provide an OSl-conformant networking infrastructure for
the European research community. The specification phase of the project was completed during
1988.

The prime forum for disseminating the results of the programme is the ESPRIT Conference Week.
In 1988 it was held in Brussels in mid-November. There were more than 4000 participants and,
for the first time, a special ministerial session. The conference has a double focus: not only do
ESPRIT projects report on their progress and results during the last year, but the conference also
looks to the future. On the "IT Forum Day", decision-makers on the European political and econ-
omic scene discussed the political and industrial environment surrounding ESPRIT, while work-
shops offered ESPRIT participants the chance to discuss the detailed implementation of the pro-
gramme and issues concerning project management.

At the exhibition during the Conference Week over 70 projects exhibited products and services
developed as a result of the ESPRIT programme. Ministers visited the exhibition.

In 1989 the ESPRIT Conference Week will again be held in Brussels, from November 27 to De-
cember 1.

3. THE FUTURE: ESPRIT Ii

The following sections outline the main characteristics of ESPRIT Il for each area covered by this
second phase of the ESPRIT programme.

3.1 Advanced Microelectronics (MEL)

The integrated circuit market was worth 4.8 billion ECU in 1988 and it is expected to rise to 7.7
billion ECU by 1995. Application-specific circuits (ASICs) are expected to show especially strong
growth from 21% of the market now to about 32% in 1993. The growth ratio of this sector alone
is 20% per year. More than half of this - 56% - is expected to be high density CMQOS silicon with
up to 10 million transistors on each chip. Mixed technology is estimated to take 20% and high
speed 24% of the ASIC market.

Accordingly, the ESPRIT Il programme is intended to provide European industry with the means
to produce components which are competitive in terms of price and performance. In the ASICs
sector equipment and techniques for processing are to be developed which approach the limit of
0.3 micron imposed by the wavelength of light.

In the high-speed sector, a large-scale TIP (Technology Integration Project) will combine the
European leaders in bipolar circuit technology in order to reach a minimum emitter width of 0.3
micron with a 50-100K gate demonstrator and a power-delay product of 10 fJ. Liquid and air-
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cooled packaging are to be developed in parallel. In multi-function circuits, the design rules of
the successful BICMOS technology will be reduced to 0.7-0.8 micron and the production capa-
bility demonstrated up to a density of 200 000 transistors on a chip.

ESPRIT's success in its microelectronic activities has also led two major chip-makers and three
research institutes to link up for the third TIP so far launched. This will develop all the steps in
making integration of high-density programmable read-only memories (PROMs) with CMOS logic
circuits. These R&D investments, along with further CMOS, GaAs (gallium-arsenide) and process
equipment projects in 1989, should eventually lead to an increase in Europe's share in the future
marketplace.

During 1988, 30 new microelectronics projects were selected out of this first ESPRIT Il call for
proposals.

3.2 Information Processing Systems (IPS)

The IPS area is a combination of the previous Software Technology and Advanced Information
Processing areas. This merger enables a better synergy between these two closely linked areas.
IPS now consists of four subareas: system design, knowledge engineering, systems architecture,
and speech and vision systems.

ESPRIT I aims to support the development of ever more complex systems by providing a set of
projects that will balance the shorter-term and longer-term potentials for exploitation by European
industry.

Systern Design

The proposals selected aim to consolidate the progress made in software engineering, and from
this strong basis initiate the development of the necessary technology for the support of full
systems development and maintenance. The importance of this technology stems from the need
for reliability, and a growing concern about the increasing use of computer systems in safety-
critical areas. The feasibility of a programme for the European certification of software quality will
be investigated.

Knowledge Engineering

The proposals selected aim to improve industry’s ability to tackle complex problems in a wide-
ning field of application domains in which services and manufacturing are two of the major seg-
ments. European IT industries should benefit from a growing market to build efficient and reliable
large knowledge-based systems. Projects will provide the capability to develop advanced man-
machine interfaces and techniques for knowledge acquisition and validation. The maturity of ma-
chine learning techniques is now sufficient for a start to be made on building an environment for
use in the first stage of industrial exploitation.

Advanced Systems Architecture

The SUPERNODE results achieved in the first phase of ESPRIT on the development of high
performance/low cost parallel architecture computers will be enhanced in the second phase. A
comprehensive extension will be made to the range of European minisupercomputers developed
in ESPRIT | which are now being built and marketed by a small French and a small British
company. In ESPRIT II, SUPERNODE Il is aiming mainly at designing and providing software
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tools to support the parallel programming techniques of the SUPERNODE machine. All the as-
pects of the exploitation of a distributed memory, message-passing architecture, including the
development of an operating system compatible with standard user interfaces, language compi-
lers and libraries, will be covered. The policy is to concentrate on importantissues directly rele-

vant to the usability of parallel machines. The aim is to achieve a balance between language
support, the porting of PCTE on parallel machines of the transputer family and obtaining an
efficient parallelisation of languages to support multi-instruction multi-data machines.

The feasibility of Europe entering the field of true supercomputing will also be investigated. The
market for supercomputers, which at present is concentrated on a limited range of specialised
applications, is expected to grow rapidly, with the emergence of high-performance machines for
computer-aided design, and a range of scientific and engineering applications.

Speech and Vision Systems

Speech technology is now close to industrial application. Therefore three projects to implement
complete systems are to be launched.

For vision, the projects under consideration realise complete systems through the use of avail-
able algorithms and processing technology. The approach provides for the evolution of a family
of products over a long period.

In IPS, 45 new projects were selected in total out of the first ESPRIT Il call for proposals.

3.3 Computer-Integrated Manufacturing (CIM)

The world market for CIM is forecast to double from 30 billion ECU in 1986 to 60 billion ECU in
1992. An important objective in ESPRIT |l is to expand the Community share of this market
(currently around 20%) to a level of domination in Europe and to achieve a significant penetration
of non-Community markets. A second objective is to accelerate the modernisation process in a
wide range of industries, from discrete parts production to the process industries, thus improving
the competitiveness of European manufacturing industry.

The adopted strategy pursues three concurrent lines of attack:

— to identify integration paths based on open system concepts and to develop the associated
methods and tools;

~ 1o develop subsystems capable of exploitation within this framework;

— to demonstrate the success of this approach by early implementation in a wide range of
production environments.

Work in CIM is pursued in five closely linked subareas:
CIM Architecture and Communications
The very successful work in ESPRIT | to establish a multi-vendor environment is extended by

further projects on communication networks for manufacturing applications, factory customer
premises networks and CAD geometric data exchange.

12



Manufacturing System Design and Implementation

The projects under this heading include the definition phase for an industrial automation Technol-
ogy Integration Project (TIP) and a project, focused on the automobile industry, to develop a CIM
system for multi-supplier operations.

Product Design and Analysis Systems

The state of the art in geometrical modelling techniques for computer-aided design (CAD) is
rapidly advancing, thus the integration of product design, process planning and machine tool
data becomes a challenge. Two projects address the development of a new generation of inte-
grated product modellers which form the basis for future product innovation in CIM systems.

Management and Control of Manufacturing Processes

Twelve projects address the logistics of the manufacturing process, with an emphasis on config-
urability, flexibility, distributed control and fault tolerance.

Robotics and Shop-Floor Systems

Projects under this topic include advanced manipulators, vision systems for process inspection,
mobile robots and advanced sensor systems.

42 new projects were selected in 1988 in CIM out of the first ESPRIT |l call for proposals.
3.4 Office Systems (OS)

Networked systems are expected to account for more than 75% of the growth in the computer
market by 1992. The island of information, which can be PCs or mainframes, are increasingly
interconnected in networking throughout a building or a town or across the world . The islands,
which have been autonomous, are often incompatible and work has to be done to make them
compatible. Therefore the ESPRIT Il strategy focusing on integrated distributed networks is based on
open systems, architectures and standards.

In addition to such a distributed architecture for communication, there is a need for workstations
which fit in well with the distributed operating environment and can serve a wide range of special-
ist domains. The technical workstation market will grow from around 1600 million ECUs in 1986
to around 6200 million ECUs in 1991. The development of a European high-performance techni-
cal workstation will be one of the objectives in the workstations area during the next phase.

Software development and support tools help user-organisations make effective use of the sys-
tems available. The objective now is to develop an integrated set of tools for the development of
advanced computer applications in distributed environments. The main focus is on the needs of
the applications engineer in the large and expanding market represented by office-oriented or-
ganisations in the financial sector, the utilities and government departments. Support tools deal-
ing with the human, organisational and economic factors affecting the success of systems in
practice will also be developed.

Research will take place in a variety of enterprises such as banks, hospitals, administrations,
industry parks, large corporations and trading companies to identify commonalities and differen-
ces and to discover how recent developments in IT can be exploited there.
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The definition of appropriate metrics

The main project in the area of metrics, RE-
QUEST, Project 300, has produced models
for quality and reliability control and predic-
tion. In further projects, other aspects of soft-
ware quality and reliability have been evalu-
ated, such as the metrics for safety, manage-
ment and clerical systems in MUSE, Project
1257.

The application of knowledge engineering
techniques

A prototype system to assist in the analysis
and design stages has been developed and
demonstrated within the ASPIS, PROJECT
401, by building a Computer-Aided Software-
Engineering environment. Prototypes have
been made of software tools which incorpor-
ate knowledge-based systems of a type in-
creasingly used in software development.

The main directions taken for 1988 were to
further encourage the industrial take-up of the
results emerging from the projects, and
through the integration of ST and AIP, to es-
tablish a new point of departure for ESPRIT 1.
Currently there are thirty-six projects in pro-
gress. Eleven have been completed, including
three during 1988.

Software Technology produces numerous acro-
nyms. Here are some of the ones used in
ESPRIT:

PCTE Portable Common Tools Environment
‘ PIMB PCTE Interface Management Board
i PICG PCTE Interface Control Group

PACT PCTE Added Common Tools

IEPG Inter-European Program Group

TA13 Technical Area 13

ECMA European Computer Manufacturers

Association
TC33 Technical Committee 33
VIP VDM Interfaces for PCTE

2. SOFTWAREDEVELOPMENT SUPPORT
ENVIRONMENTS

The objective of the work in this subarea is to
provide a framework of basic utilities for the
effective computer support of the software
development process which is independent of
design method, high-level language and host
computer. In ESPRIT, the Portable Common
Tool Environment (PCTE) project, Project 32,
has produced the necessary interface specifi-
cations, the basic utilities and the working
prototypes of a development support environ-
ment which is at the core of the software
technology programme.

PCTE offers the potential for establishing an
international standard of European origin for
support environment interfaces enabling the
growth of a software tools market and the ef-
ficient, coherent development of large sys-
tems across multi-company development
teams. The impartance of this project has led
to a number of projects and complementary
actions being launched to widen the use and
the availability of the PCTE:

Production of a set of general tools
which run on top of PCTE - PACT, Pro-
ject 951, has a range of toals running on
Bull and Sun computers and a PACT
tool-set contributes to the EUREKA EAST
development of PACT-based products.

— Porting PCTE onto non-UNIX operating
systems - PAVE, Project 1282, has dem-
onstrated an implementation of PCTE on
a VAX station.

— Development tools and services - These
are being marketed by Chorus Systémes
for a PCTE host-target distributed testing
environment, developed from the results
of APHRODITE, Project 1535.

— Production of formal specifications of the
PCTE interfaces - VIP, Project 1283, has
made a formal specification as a result of
which proposals for changes have been
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made to the PCTE Interface Management
Board.

PCTE provides a development support envi-
ronment for ESPRIT projects, available to all
participants in EEC-funded R&D programmes
and to European universities. The Emeraude
PCTE package has been distributed to over
150 universities and a total of more than 200
licences have been released. In addition, a
number of national programmes and the
EUREKA EAST and ESF projects are applying
the PCTE results.

The PCTE project has provided a clear lead
for Europe in the development of state-of-the-
art support mechanisms for software product
development. To ensure their industrial use,
action has been taken to widen the availa-
bility of PCTE-based systems. One such ac-
tion has been the launch of SAPPHIRE, Pro-

ject 1277, which has ported PCTE-based sys-
tems to a range of widely used workstations
from IBM, Sun, HP and DEC. Demonstrations
were given at the ESPRIT Conference, and
the Sun-based system and the Bull SPS 7-
based system developed by GIE Emeraude
are now available. The Eclipse software tool
set produced in the Alvey programme has
been transferred onto the PCTE and is cur-
rently undergoing industrial trials.

The PCTE interface specifications are man-
aged by the PCTE-Interface Management
Board (PIMB) which is independent of the
Commission and is industry-led. To further
encourage the adoption of the PCTE interface
specifications by industry, particular attention
is given to standardisation through the acti-
vities of ECMA Technical Committee 33. The
progress made towards the realisation of an
industry standard is shown in the diagram.

1/87

CEC ESPRIT
1/84 PCTE Project (no.32)
Bull GEC
ICL Nixdorf
1/85 Siemens | Olivetti
1/86 Ada Specification ‘ ‘

PCTE 1.4 Specification

PACT Project
(no.951)
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J

PIMB

GEC

ICL
Olivetti

' Y

\
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IEPG TA 13| PICG I

Specification pCTE 1.5

1/88

1/89
1/90

PCTE + V3

1/91 PCTE + Assessment
Revised Specification

L

ECMA Standard

ISO Standard

Revised Standard

Logiciel
System &
qu nagement
Eurosoft

- Distribution

Y

ECMA
TC33

VIP Project
(no.1283)

The route to adoption of the PCTE interface specification as an industry standard (ESPRIT Project 32, Portable
Common Tool Environment)
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To take advantage of knowledge-engineering
techniques and other technological advances
in, for example, the development of formal
methods, action has been taken to develop
the next generation of development support
environments within the programme. This is a
key issue, since the maintenance of upwards
compatibility with PCTE is essential for ensur-
ing adequate protection of the industrial in-
vestment in first generation, PCTE-based en-
vironments.

Full coordination of this work is under way,
both within the ESPRIT programme and with-
in EUREKA and other related programmes.
Within ESPRIT, work is in progress on the de-
velopment of environments which use knowl-
edge engineering techniques embedded with-
in their basic utilities to actively support pro-
gram development and project management.

The automatic generation of interactive pro-
gramming environments from language speci-
fications is being addressed by GIPE, Project
348. The first version of CENTAUR, which in-
corporates major improvements over its
predecessor MENTOR, has been demon-
strated to more than 50 research organisa-
tions. Distribution to academic and research
laboratories has now begun and fourteen sys-
tems have been installed.

The development of techniques for the formal
definition of methods used in the develop-
ment of software is the province of TOOL-
USE, Project 510. The project focuses on the
DEVA language for building a support envi-
ronment. This has been defined and do-
cumented and a prototype of a support tool -
the method adviser - was demonstrated dur-
ing the year.

3. DESIGN METHODS AND TOOLS

The workprogramme for this area balances
the achievement of shorter-term and longer-
term benefits. Shorter-term projects include
the development of measures involving a
combination of informal and formal methods,
the reuse of components, the development of

functional programming and working in target
environments. Overall, the main emphasis
has been placed on the development of for-
mal design methods and the application of
knowledge-based techniques to software sys-
tem design.

3.1 General measures

A combination of informal and formal
methods

From an industrial usage point of view, it is
necessary to ensure that the gap between the
informal and formal approaches is properly
bridged and this issue is addressed by
GRASPIN, PROJECT 125, by mixing informal
diagrams with formal textual information. The
project has produced and demonstrated an
integrated tool set which supports all aspects
of software system development - require-
ments analysis, formal specification, in-
cremental program development, design vali-
dation, documentation, etc. The prototype
now runs on a number of systems and gives
each partner his own opportunity for exploita-
tion. GRASPIN is being marketed by Epsilon,
by Tecsiel and by Olivetti, by whom it has
been demonstrated to European universities
under the academic support programme for
UNIX. It is also being ported by CTI to desk-
top computers.

Reuse

The general objective in the reuse part of the
programme is to develop methods, tools and
environments supporting the reuse of compo-
nents, specifications and application-domain
knowledge.

The development of the reusability of soft-
ware components is important because of its
potential for improving productivity and
quality. An experimental research project, RE-
PLAY, Project 1598, is testing the reuse of
software development plans, and the oper-
ational properties are being explored through
building a prototype of a medical expert sys-
tem.
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The development of methods for the prag-
matic reuse of software concepts at the de-
sign stage is being studied in PRACTI-
TIONER, Project 1094. A linguistic approach
to classification and retrieval is being made,
and tool construction has begun. The founda-
tions are being laid for the development of a
support environment which will be readily ex-
ploitable by the consortium.

The objective of DRAGON, Project 1550, is
the development of methods and the provi-
sion of tools for designing reusable software
for distributed real-time applications of a
long-life nature such as Flexible Manufactur-
ing Systems and telecommunications applica-
tion systems. Problems of distribution and
real-time performance have been resolved, a
library and classification scheme is under de-
velopment and a maritime surveillance sys-
tem has been selected as the setting for a
case study. An object-oriented approach will
be followed.

A knowledge-based environment for software
system configuration through reusing compo-
nents is under development by KNOSOS,
Project 974. It allows the configuration of
large and reliable software systems from a
database of tens of thousands of reusable
components. There are good prospects of re-
ducing the costs of software development
caused by specification changes and by im-
plementation errors, particularly in space and
telecommunications. The representation, stor-
age and retrieval of the components has
been demonstrated in the first prototype, and
the transfer of the resuits to space applica-
tions is planned by the partners.

Functional programming

The feasibility of developing a prototype of a
general-purpose, system description lan-
guage based on system semantics has been
demonstrated by FORFUN, Project 881.
Functional programming tools provide the
basis for specifying languages for system de-
signers. Functional programming tools pro-
vide the basis for specifying languages for
system designers, and case studies demon-

strate the feasibility of describing various
types of digital and analogue electronic cir-
cuits by this approach. A support environ-
ment for the use of the language has been
defined and is under development.

The aim of STAPLE, Project 891, is the devel-
opment of a functional programming system
for the efficient support of prototyping. The
study of a hospital dispensary has been com-
pleted as a model application and the devel-
opment of a functional programming environ-
ment with persistent storage is in progress.

Target environments

The objective of HTDS, Project 1261, is to de-
velop a prototype of an integrated tool sys-
tem based on a PCTE environment to sup-
port automatic testing, high-level fault diag-
nosis and remote maintenance. A preliminary
specification for testing has been written, and
human-machine interfaces are being defined.

The objective of CHAMELEON, Project 1256,
is to build a Dynamic Software Migration sys-
tem to enable the migration and subsequent
execution of active aobjects throughout a
heterogeneous computer network. Demon-
strations of software migration in a homo-
geneous environment using abstractions of
two intermediate machine models were given
during the year. Testing of real-time Ada sys-
tems is covered by DESCARTES, Project 937,
where an Ada fault diagnosis system for inter-
nal use by ES Dassault, a partner in the aero-
space industry, has been developed.

PCTE aspects of host-target environments
covered by APHRODITE, and the metrics as-
pects covered by TRUST, Project 1258, are
described in the corresponding paragraphs.

3.2 Formal Mathematical Methods

In the long term, the provision of an under-
lying, more formal, basis, similar to that now
available in other engineering disciplines,
such as electronics, may be necessary for
software engineering. Within the ESPRIT pro-
gramme the development and support of
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mathematically formal methods is being fol-
lowed to provide this stronger base for the
development of software systems.

The application of formal methods to indus-
trial software development, supplemented by
the integration of the tools within a single
framework, should provide a key for easy ac-
cess. However, existing methods and tools
are inadequate for the large and complex
projects concerned with the development of
such large and complex systems. An
example of such complexity is a telecom-
munication system, which can run to several
hundreds of thousands of lines of code. It is
difficult and expensive to design, develop and
maintain such systems and the penalties for
operational failures are very high.

METEOR, Project 432, is directed to reme-
dying this situation. Notable among its results
is the development of a software-engineering
toolbase through the establishment of a
generic environment. This facilitates the work
of the project teams and provides a setting
for the investigation of the various formalisms.
Industrial achievements include the develop-
ment of a requirement engineering methodo-
logy based on an extension of the entity-rela-
tionship model ERAE, and the definition of a
powerful formal design language, COLD.
Both these tools are currently under field test
in real-life software product development. Use
is made of the methods developed in this
project by the academic partners; for
example, the RAP rapid prototyping system is
taught at the University of Passau, and the
PLUSS algebraic specification language de-
veloped by the Université d'Orsay is used by
LRI and CGE.

The need for validation and verification of the
system design at each phase of the develop-
ment process has led to the definition of a
number of methods based on mathematical
theory. The definition and support of these
formal methods has constituted an important
part of the ESPRIT Software Technology pro-
gramme. One method in particular, the so-
called Vienna Development Method (VDM),
has figured prominently in ESPRIT projects.

RAISE, Project 315, has produced a prelimi-
nary systems development tool set. Industrial
trials of the language, method and tools are
in progress and the tool set is being used by
ICL and Asea Brown Boveri.

A further advantage foreseen from the use of
formal methods is the gradual movement to-
wards automatic transformation from high-
level design descriptions to code. PROSPEC-
TRA, Project 390, and PROSPECTRA DEMO,
Project 835, have produced a design support
system which guides the user through a
series of successive refinements by a set of
rules which ensure correctness is preserved
as the design proceeds. The PROSPECTRA
system has been designed to address a large
class of methodological problems with Ada
as a final implementation target language to
ensure portability between different pro-
gramming environments.

Besides the formal specification of the PCTE
interfaces, which would be particularly im-
portant for the process of international stand-
ardisation of interface specifications, a further
application included within the programme
covers the development of formal specifica-
tion languages for the definition of the
ISO/OSI protocols. This was the objective of
SEDOS, Project 410, in which the ESTELLE
and LOTOS languages were refined and sta-
bilised. These languages have already
achieved draft international standards status
through CCITT and I1SO, and the standard for
the ESTELLE language was scheduled to be
finalised by the end of 1988. The SEDOS
Demonstrator, Project 1265, continues the
work of SEDOS by the development of an in-
dustrial prototype, the ESTELLE Workstation,
which, with the addition of a set of tools, is
running on Sun and Apollo machines. Dis-
tribution of the ESTELLE environment to Eu-
ropean universities is due in early 1989. A
product is being built which the partners will
market.
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3.3 Application of Knowledge-Based
Techniques to Software System
Design

An entirely formal approach to software sys-
tem design is unlikely to provide, by itself, a
complete solution to the problems associated
with the effective industrial development of
software systems. Many aspects of the soft-
ware development process cannot be de-
scribed in mathematical terms, and therefore
other techniques are necessary to capture
this additional information. The approach
taken within the ESPRIT programme has in-
cluded the integration of formal and informal
methods (see the description of GRASPIN
above) and the coupling of formal methods
with knowledge engineering techniques.

This work is carried out in close association
with the activities under way within the knowl-
edge engineering part of the Advanced Infor-
mation Processing area. The close technical
and managerial coordination between Soft-
ware Technology and Advanced Information
Processing maintained during the year
formed a prelude to their combination in the
ESPRIT Il workprogramme.

Knowledge-engineering approaches show
promise in several software development
areas, where they have the potential to
augment staff skills in undertaking require-
ments analysis and software systems design.
The main results to date have been in the ap-
plication of fast prototyping technigues to
software system design - particularly in the
area of the capture of user requirements. In
particular, a prototype system to assist in the
analysis and design stages has been de-
veloped and demonstrated within ASPIS, Pro-
ject 401, by building a computer-aided soft-
ware-engineering environment. The demon-
strator for this has been successfully applied
in the field of access control systems - the
chosen application domain - and a product is
under definition by Tecsiel.

The overall aim of DAIDA, Project 892, is to
contribute to the definition and implementa-
tion of knowledge-based tools for the produc-

tion of quality software products for data-in-
tensive applications. Progress towards formu-
lating concepts for a uniform design of the
several environments has been substantial
and the initial experiments with the compo-
nents to be included have been completed.

The objective of GENESIS, Project 1041, is to
create a meta-system for the generation of
proof environments from descriptions of the
syntax and semantics of the formalisms used,
and a version of the prototype, suitable for
academic use, has been released.

4. MANAGEMENT OF SOFTWARE
DEVELOPMENT PROJECTS

Software development projects have been
characterised in the past by cost and time-
scale overruns. The problems encountered in
these projects have been partly due to the
lack of adequate design methods, but the
software development projects have often re-
quired complex support infrastructures of
their own, for which the appropriate manage-
ment techniques have not been available.
Once again, approaches are being followed
which are based on both traditional methods
of project management and on methods in-
corporating the techniques emerging from
the knowledge engineering activities.

In the more traditional project management
style, SPMMS, Project 282, has produced a
prototype for the development of an informa-
tion system to support management activities
in the software product lifecycle. In so doing,
the project has contributed to the common
data schema and the vocabulary common to
several ESPRIT management tool projects.
Implementation of the easily customisable
prototype in a PCTE environment and client
applications by GSI-TECSI are in progress.
This includes a semantic data model for soft-
ware development projects in order to pro-
vide a conceptual schema of the project pro-
cess.

Knowledge engineering or rule-based tech-
nigues have been applied in two projects in










cluding automated manufacturing. Other pro-
jects, through providing more natural inter-
faces and the modules to create them, have
provided the basis for work directed to the in-
dustrialisation of results.

The main direction taken in 1988 was to fur-
ther the industrial take-up and to start the in-
tegration of these three areas with Software
Technology. During the year, thirteen pro-
jects were concluded. Twenty-seven are in
progress at the year-end.

2. DEVELOPMENT AND APPLICATION OF
KNOWLEDGE ENGINEERING

Work has been organised into four sections:

— the development of methods and tech-
niques for knowledge acquisition and
knowledge representation;

— the development of domain-specific sys-
tems and demonstrator applications;

— an evaluation of the experience of intro-
ducing and using knowledge-based sys-
tems;

— the development of application-inde-
pendent knowledge-based system shells,
supporting languages and interfaces.

2.1 Knowledge Acquisition and Knowledge

Representation

Three methods of knowledge acquisition, the
starting point for building an expert system,
are addressed. The most established method
is to store knowledge obtained from human
experts. The Expert System Builder (ESB),
implemented in Project 96, follows this ap-
proach. It provides mechanisms for knowl-
edge representing and reasoning suitable for
a broad range of applications. Users who are
less experienced in dealing with artificial intel-
ligence are provided with a complete environ-
ment for dealing with expert systems. Users
who are experienced are equipped with a
familiar framework for the expression of

knowledge, thus reducing reliance on knowl-
edge engineers. The ESB compares well with
the current market leaders, and demonstra-
tions have been given on several types of
machine.

By the end of the project in September 1988,
Soeren T. Lyngsoe had announced the com-
mercial release of the derivative products
THOR and ODIN for the automatic creation of
power plant applications. Plessey was indus-
trialising the ESB and Tecsiel had announced
the commercialisation of the system on a
range of machines. Wide use is planned for
ESB in Esprit Il projects.

The second method of knowledge acquisition
is the automatic machine generation of a
knowledge base from an analysis of field
data. This approach has been adopted in IN-
STIL, Project 1063, which provides tools for
the formulation of a set of rules in the appli-
cation domain from an analysis of examples.
Large-scale tests have been made of the sys-
tem in the diagnosis of crop disease, object
recognition, image understanding and medi-
cal diagnosis, among others. Applications to
air traffic control are being developed by GEC
and University of Paris.

A third approach, where knowledge is derived
by deduction from a formulation of analyti-
cally deduced rules, is illustrated by the appli-
cation of Prolog Il to fault diagnosis, de-
scribed below.

2.2 Domain-Specific Systems and
Demonstrator Applications

This section covers both generic systems
such as process control and database ac-
cess, and applications targeted to a specific
domain such as the financial services sector.

Real-Time Control

The adaptive control of an industrial process
in real-time may bring both immediate re-
wards and serve as building blocks for use in
the integrated control of a larger system.
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A set of tools to facilitate the development of
the requisite Expert Systems has been cre-
ated in KRITIC, Project 387. Two demonstra-
tors, the first for the control and diagnosis of
advanced telecom switching systems and the
second for the control of power distribution
systems networks, have been completed.
The tools, which are being ported to a com-
mercial machine, are being used by the part-
ners in other projects.

A further application in the rewarding field of
process control and industrial automation is
being made in Project 820, QUIC, whose
tool-kit provides a set of KBS tools for auto-
mating such tasks as monitoring, fault diag-
nosis, feedback control, simuiation and train-
ing. The tools are being validated in three
demonstrators: by Ansaldo and CISE in the
control of a thermal power plant, by Aerospa-
tiale and Framentec in the control of satellite
altitude, and by Smidth, CAP, Sogeti Innova-
tion and Heriot Watt University in the control
of cement manufacture.

Database Enhancement

Now that databases are widely available, ac-
tion enhancement, extension and increased
exploitation are all economically justified.
Several directions are possible. These include
their incorporation within other systems such
as computer-aided design, and improvements
to human-computer interfaces to allow en-
quiries to be phrased in more natural and
powerful forms. System enhancement
through integrating databases with knowl-
edge bases is also possible.

LOKI, Project 107 provides the technology for
the development of knowledge repre-
sentation, knowledge use and knowledge
consultation systems, and other aids to the
development of knowledge and database sys-
tems. Friendly graphics and natural language
are being combined in a single interface. A
parser-generator pair (LOQUI) for English and
German to support dialogue and access to
databases in natural language is available as
a prototype product which SCICON plans to
market. Another instance of exploitation is to

be found in the marketing of an efficient inter-
face between BIM-Prolog and two relational
databases. This Prolog implementation in-
cludes a compiler with a fast object-code ex-
ecution and is arguably the most efficient of
its kind commercially available.

The objective of KIWI, Project 1117, is to de-
velop a knowledge-based user-friendly sys-
tem for managing access to external informa-
tion bases. The OOPS language and its
prototype implementation, together with spe-
cification of the architecture of the global sys-
tem have been defined and are availabie. The
combination of the deductive power of logic
programming with the data management ca-
pabilities of a large relational databases will
result in powerful computing environments.

Techniques that allow a combination of rules
and relational algebraic expressions have
been developed in EPSILON, the advanced
knowledged-based system (KBS) in Project
530. Prototype workstations aliowing the use
of UNIX-based Prolog and a relational data-
base in one system, and connecting data-
base management system workstations to
form an integrated KBMS, have been applied
to two domains. A prototype system has
been developed to assess company credit-
worthiness in accordance with the financial
and credit policies of the lalian administra-
tion. A further system is to assist bankers in
their assessment of customer loan applica-
tions.

Industry-Specific Applications

TAO, Project 1592, uses oncology as the ap-
plication domain, and along with Project 569
(which deals with electromyography) is linked
to the Community's medical programme,
AIM. Support for the production of complex
documents is being provided by INDOC, Pro-
ject 1542. These and other demonstrators
provide a starting point from which further
KBS applications can be developed to pro-
vide a strategic coverage of industrial sectors.

KBS-SHIP, Project 1074, aims to assist ship’s
crews in duties ranging from voyage planning




to alarm handling. Its concern with the devel-
opment of design concepts for the implemen-
tation of advanced information technology
systems onboard ship provides the stimulus
for engaging industry-wide support for the in-
troduction of knowledge-based systems ex-
pected by the early 1990s.

The work has provided the basis for two pro-
ducts. An expert system for navigation - the
Voyage Pilot Expert System - is to be de-
veloped into a product by Krupp-Atlas Elec-
tronik, and an expert system for machinery
operation is to be developed by Soeren T.
Lyngsoe.

The Project is encouraging the acceptance of
Artificial Intelligence technology by the Euro-
pean marine industry through the develop-
ment of an acceptance procedure by Lloyd’s
Register for expert systems onboard a ship.
The project is also expected to influence in-
ternational standards for local area networks
onboard ship and the design of maritime sur-
veillance and control equipment.

2.3 Application-Independent,
Knowledge-Based System Shells,
Support Languages and User
Interfaces

The development of application-independent,
knowledge-based system shells, support lan-
guages and user interfaces is supported by
the many tool improvements which are being
addressed by a number of projects. Among
them is the integration of reasoning mechan-
isms and numeric processes in Prolog Il
Project 1106. The new prototype version of
Prolog is based on the efficient integration of
constraint resolution and builds on the frame-
work provided by earlier versions of the lan-
guage. Two companies, Robert Bosch and
Daimler Benz, are among the partners ap-
plying the language to the diagnosis of motor
vehicle faults. The approach aims to replace
reliance on expert experience in regard to the
repair of injection systems for cars by deduc-
ing knowledge from an analysis of the func-
tional and structural design.
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Making the best use of an information system
has always been a problem for new users.
EUROHELP, Project 280, addresses this
problem by providing intelligent computer-
based assistance from the terminal while the
system is in use and tailors the advice to indi-
viduals from knowledge of the use each has
made of it. Several demonstrations have been
made of modules of a prototype Intelligent
Help System Shell whose development is
well-advanced.

The problem of integrating data-based and
knowledge-based management systems has
been tackled by ISIDE, Project 1133, in which
an object server with sufficient flexibility to in-
terface with rule-based, object-oriented and
SQL languages has been built. Prototype sys-
tems have been demonstrated and perfor-
mance evaluation studies started. Prototypes
of message-passing architectures and de-
scription systems for expert systems that will
exploit highly parallel machines have been
developed in MADS, Project 440, as a first
step to industrialisation, and the use of LISP
in parallel processing and appropriate knowl-
edge representation is being investigated.

ACORD, Project 393, has demonstrated a
friendly interface allowing users to interact
with a knowledge base by using graphics and
natural language. It works in English, French
and German and the development has en-
tailed novel forms of linguistic analysis.

3. DEVELOPMENT OF NEW COMPUTER
ARCHITECTURES

The demand for the capability to process
large volumes of symbolic and numeric infor-
mation quickly will increase substantially over
the next few years. ESPRIT has concentrated
on the deveiopment of highly-parallel ma-
chines and the appropriate software to
achieve the high performance levels required.
Such parallelism exploits the transputer basis
to bring the additional benefit of providing
scaleable architecture sufficiently flexible to
provide for a wide range of system perfor-
mance. The involvement of systems enter-




prises offering dedicated application systems
is @ major achievement, as it opens another
market channel for parallel computers in ad-
dition to the general applications met by the
manufacturers.

The following achievements are among the
results to date.

A high-speed input/output interface (100M
bits/sec) to the Supernode computer has
been developed for real-time vision applica-
tions, in SUPERNODE, Project 1085. The
T800 transputer also developed from this pro-
ject, with its spin-offs, has been the basis for
500 designs worldwide. it is produced by
INMOS and the Supernode computer is mar-
keted by Telmat and PARSYS, a new subsi-
diary of Thorn-EMI.

Among other applications and products that
have resulted from this project are the
LUCKY-LOG logic simulator in the CAD for
VLSI area, now presented as an add-on card
for PCs; several image-processing applica-
tions; digital signal-processing applications;
applications of image generation by the ray-
tracing method; multi-transputer architecture
studies in CAM; and the provision of fault di-
agnostics and Occam and Fortran libraries.
The project has attracted wide interest
among workers in computer architectures.

The continuation of the development of the
transputer-based machine for running LISP
and Prolog and a VLSI implementation of a
content-addressable memary is in progress in
PADMAVATI, Project 967. PIPES, the first
prototype realisation of a Prolog transputer-
based machine where the transputers are
fully interconnected using a packet-switched
network, is targeted for real-time applications
in speech and vision understanding in SIP,
Project 26.

PALAVDA, Project 415, was launched to
study the performance of the different ap-
proaches to symbolic processing on parallel
architecture computers as a step towards es-
tablishing a European standard for a generic
architecture for logic, functional and object-

orientated language. Exploratory work on the
integration of declarative languages has re-
sulted in the realisation of first prototypes of
DOOM, the distributed object-oriented lan-
guage of the parallel data-based machine
DDC, and of a dataflow machine for relational
database applications. The design of the
architecture for parallel object-oriented sys-
tems has been completed, and the operating
system, the POOL 2 language and its com-
piler are now available and in use.

DELTA-4, Project 818, has developed a tech-
nigue of automatic reconfiguration to give
distributed computer systems protection
against local station failures. Demonstrators
of an RT Unix prototype and of a Remote
Service Request prototype have been de-
veloped, and work is under way on a Delta-4
system architecture and computational
model. The interconnection equipment for
heterogeneous systems to be delivered by
this project is particularly relevant for dis-
tributed applications in Computer Integrated
Manufacturing and Office Systems. Product
marketing is planned by Bull, and Ferranti is
marketing a UNiX-based real-time system
derived from work on this project.

The investigation of programming languages
and parallel architectures for the integration
of symbolic and numeric processing is the
objective of SPAN, Project 1588. The defini-
tion of a common virtual machine which will
establish a standard software-hardware inter-
change on parallel computers has been com-
pleted. It has been implemented on Padma-
vati and Supernode, and a new machine has
been defined to give a fast performance im-
plementation.

Work is continuing in parallel language defini-
tion and architectures, and in four application
areas - image interpretation, real-time expert
systems, partial differential equation solvers,
and parallel relational DBMSs.
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to facilitate the successful transfer of docu-
ments between machines from different
manufacturers by developing suitable stand-
ards to which the different machines can
work.

Major steps towards meeting this objective
have been made under ESPRIT in the devel-
opment of ODA. ODA provides standards for
the exchange of documents, with individual
manufacturers designing their own converters
to change documents to and from the ODA
interchange format.

ODA has gained wide support within and be-
yond ESPRIT, and has formed the basis for a
number of standards adopted by the Euro-
pean Equipment Manufacturers Association
(ECMA) and the International Standards Or-
ganisation (ISO), as well as recommendations
of the Comité Consultatif International Tel-
egraphique et Telephonique (CCITT), includ-
ing ECMA 101, 1S 8613, and T.411 to T.418 in
the CCITT T.400 series of recommendations.

The industrial partners working on the current
ODA project, PODA (Project 1024), are build-
ing on this success by developing products
based on the ODA concept, including word
processors and desktop publishing systems.
Some products are expected to be commer-
cially available by 1990. The project partners -
Siemens (D), Bull {F), ICL (UK), Nixdorf (D),
Océ (NL), Olivetti (1), Queen Mary College In-
teractive (UK), Service d’Etudes Communes
des Postes et Telecom (F), TITN (F) - are also
working to extend the system to handle voice
input, so that users can transmit a document
accompanied by verbal comments. The hard-
ware, software and user-interface for an audio
content editor have been developed and
presented. TITN is actively pursuing stand-
ardisation through the appropriate interna-
tional bodies.

The exchange of documents between ma-
chines requires suitable security measures,
and work on the security aspects of ODA is
in hand. A security model for documents re-
lating to various users, their needs and se-
curity class has been established. This work

will be used as a baseline for incorporating
security in future versions of the ODA stand-
ard. A user-interface to secure documents
based on a smart card has been developed
and demonstrated as part of the security re-
search prototype developed under the pro-
ject.

3. APPLICATIONS SYSTEMS
ENGINEERING

Successful integration of complex application
systems into the day-to-day operation of a
user-organisation requires the application of
an appropriate methodology which takes
adequate account of user needs and which
has appropriate support tools associated with
it.

Dornier (D), Ital Telematica (l), Politecnico di
Milano (1), Sema Metra (F), Thomson Infor-
matique Services (F), Océ-Nederland (NL),
CNR-IE] (I), System and Management (1), and
the Université Paris 1 Sorbonne (F) have
been working together to help meet this need
by developing "Tools for Designing Office
Systems (TODOS)" (Project 813). TODOS
proposed a compiete methodology and de-
sign support tools from the requirements ana-
lysis to system specifications and architectu-
ral choices.

A powerful tool-handling office data dictionary
for data collection, diagnosis of current office
situations, analysis, requirements refinement
and interfaces with design activities has been
developed, and will be used by the industrial
partners for further internal developments on
office systems design methodologies based
on requirements analysis. This tool is based
on and compatible with the results partly
achieved from an earlier ESPRIT project on
"Functional Analysis of Office Requirements
(FAOR)" (Project 56) (performed by STC
Technology Limited (UK), BIFOA (D), EAC
Data (DK) and GMD (D)).

According to the logical design a database
for conceptual specifications has been de-
veloped and a graphical interface to the spe-
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cification database has been realised. The re-
search parties plan to continue developments
in the direction of inteiligent applications de-
sign and advanced query languages and
functionalities.

Océ plans to extend the prototypical im-
plementation of a performance modelling tool
to a performance model including additional
distributed OIS services (mail services, print
services, gateway service) and to use such
models for additional descriptions of systems
software and hardware components in their
product line.

A further contribution to the development of
support tools comes from work by 10T (D),
the Centre d'Etudes du Management (F), the
Istituto per Automazione Risparmio (I) and
the Universita degli Studi di Milano (I). The
project (285) has used Petri nets as a starting
point for developing a formal method of de-
scribing the office which can be used by de-
signers for modelling office requirements. it is
planned to pubiish the OSSAD results in a
textbook (OSSAD Manual) and to later inte-
grate the OSSAD methodology in a software
package that IPACRI plans to put to use in
the banks associated with their institute.

4. BUSINESS SYSTEMS

The demands on office systems vary as a
function of the type of business which the of-
fice serves. Research is needed in a variety of
real enterprises (eg banks, hospitals, adminis-
trations, industry parks, large corporations,
trading companies, and other types of enter-
prise) in order to identify commonalities and
differences, and to develop a framework for
understanding the application of office sys-
tems to business needs.

This is being addressed by SOGEI-Soc.
Generale d'Informatica (1), Bull (F), Olivetti (1),
I/S Datacentralen (DK), Arcos Conseil (F),
Datenzentrale Schleswig-Holstein (D) and
Criai (I) in a study of "Advanced and Inte-
grated Office Systems Prototypes for Euro-
pean Public Administrations (ASTRA)" (Pro-

ject 831). The main objectives of the project
are to contribute to a common understanding
of the office automation problems of public
administrations in different European coun-
tries, and the integration of the state-of-the-art
technology, concepts and results derived
from ESPRIT projects. It is also contributing
at an application level to the implementation
of international standards.

Focusing on different governmental adminis-
trations or local authorities, the project has
examined user needs in ltaly, France, Den-
mark and Germany, and has produced an
analysis of system requirements and system
modelling for an integrated office system
(mailing, filing, archiving, etc.) and the corre-
sponding specifications. Pilot sites are
planned to be implemented to demonstrate
the system’s capabilities.

Relations between servers and user applica-
tions are examined in the client-server model
developed by ASTRA. The facilities in ASTRA
include an archive server, file server, mail
server, directory server, and gateway server.
The clients, which are in principle applica-
tions, will cover the functions of document
production and management, filing and retrie-
val, and mailing.

5. HUMAN FACTORS AND
HUMAN-MACHINE INTERFACES

Recent years have seen increasing interest in
multi-tasking, multi-user and networked appli-
cations, creating new demands on the inter-
face between the system and its users.
Human-machine interface designs which were
suitable for supporting interaction between a
single user and a single application now give
way to interfaces which are more appropriate
for supporting interaction between multiple
users and multiple applications in many and
varying combinations. Attention needs to be
given not only to the design of the immediate
interaction between the users and the sys-
tem, but also to user training and support as
well as to the broader social and organisa-
tional factors that affect the success of IT-
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uptake programmes within user organisa-
tions.

5.1 Human Factors in Product Design

fmportant contributions to the design of effec-
tive user-system interfaces have come from a
wide range of projects, especially those con-
cerned with workstations and with research in
other areas leading towards products with an
interface to a human user. Beyond these pro-
jects, effort in the human factors area under
ESPRIT has been concentrated on "Human
Factors in Information Technology” (HUFIT
Project 385). As well as providing inputs to
specific product developments, the HUFIT
project has contributed a human factors tool-
set for use by design teams; this has already
been used by Bull, ICL, Philips and Siemens
in internal developments outside the project.
HUFIT runs a programme of seminars to help
disseminate the findings from human factors
research, and also operates an information
and consulting service.

Two applied research centres share the main
responsibility for the organisation of the
HUFIT project: the Fraunhofer Institut fiir Ar-
beitswirtschaft und Organisation (D) and the
HUSAT Research Centre (UK). The industrial
partners include Bull-MTS (F), ICL (UK), Oli-
vetti (), the Philips Institute for Perception
Research (NL), and Siemens (D), working in
collaboration with the Universities of Mlnster
(D) and Minho (P), the Wilhelms University
Westphalia (D), University College Cork (IRL),
and the Piraeus Graduate School (GR).

5.2 A New Type of Interactive Panel

One of the key bottlenecks in communication
between the electronic system and its users
is the visual display, which is typically small
and, even with suitable windowing tech-
niques, restricted in the amount of infor-
mation it can present at any one time. A
human being, in contrast, is very good at
scanning large areas and dealing with large
arrays of information. While a very large dis-
play is not always necessary, the use in prac-
tical situations of tables, whiteboards, and

even office walls themselves to provide large
work areas attests to the fact that a large
work area can sometimes be very useful.

IABG (D), MODULEX (DK), Scaitech (DK),
Riso National Laboratory (DK) and the Tech-
nical University of Munich (D) have developed
an interesting solution to this problem as part
of the research on Project 878, ProMInanD.
The ProMinanD interactive panel device is a
wall-panel made up of a number of boards,
each about A3 in size. Up to 255 can be
linked together to form panels of varying
sizes. Small plastic bricks can be placed on
the panel and moved around at any time, and
these are recognised by the underlying com-
puter system.

The consortium plans to develop turnkey sys-
tems incorporating the panel in the areas of
equipment monitoring and CIM. The panel
was shown at ESPRIT '88, where it was dem-
onstrated in an application for a shipping
agency responsible for monitoring the con-
tinuous movements of containers in a geo-
graphical region and to generate reports and
forms without the need of a keyboard/VDU in-
terface. The panel provided an overview of
the current container situation, while the com-
puter system stored the history of container
movements and generated reports on de-
mand via an attached printer.

5.3 Picture Coding Techniques

Visual images are likely to remain one of the
principal means of communication in elec-
tronic systems for the foreseeable future,
both as a means of communication from
computers to humans, and from human to
human through a network (as in videoconfer-
encing). There is consequently a need to de-
velop techniques which allow visual images
to be transmitted to as high a quality as
possible given the available bandwidth. Two
projects under ESPRIT | have made signifi-
cant contributions to this objective.

British Telecom (UK), the IBA (UK), KTAS
(DK), Dr Neher Laboratories (NL), CSELT (1),
CLETT (F) and Nixdorf (D) have been work-
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ing on this problem with regard to the trans-
mission of still images under the PICA project
(563). One of the algorithms developed has
been selected and proposed as a world
standard.

CIT-Alcate! (F), Telefonica (E), STA Elettroni-
ca Automazione (I), TE.KA.DE. (D), STE An-
onyme Telecommunications (F), and GEC
Research Laboratories (UK) (925) have been
developing coding techniques for the real-
time transmission of moving images over a
64 Kbits/s line. The algorithm developed has
been submitted to the CCITT and could
become a world standard, allowing the use of
ISDN as a carrier for video conferences.

5.4 Human Factors in IT-Uptake

In order to achieve successful uptake of IT on
the scale required for the success of the IT
industry at large and for the benefit of Euro-
pean industry generally, it is necessary to pay
adequate attention to the human, organi-
sational and economic factors that influence
user organisations in their uptake of IT sys-
tems.

This objective has been addressed by Mem-
ory Computer (IRL), Empirica (D), the Work
Research Centre (IRL) and STC Technology
(UK) in their work on IT-Uptake (1030). This
project has produced a model of the IT-up-
take process and a comprehensive package
of practical guidelines covering human, or-
ganisational and economic factors that can
be used by IT managers and others con-
cerned with the uptake process. lllustrative
applications of the model to a wide range of
real user-organisations, and an analysis of the
impact of teleworking on future demand for IT
systems, also form important outputs from
the project. A new company, "IT-Uptake", has
been set up in Ireland to help exploit the re-
sults of the project. In addition, the research
done forms a good basis for further develop-
ment of training and guidance materials in 1T-
uptake under ESPRIT [I. Several aspects of
the project are being published as books.
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6. WORKSTATIONS

The workstation is playing an increasing role
in office systems. It is becoming the principal
point of contact between the user and the
underlying networks, and provides the user
with access to a whole range of services, in-
cluding in-house corporate office services as
well as commercial and public services. Re-
cent years have seen an expansion of the
workstation market by more than 30% per
year, but it has been dominated by products
from the US rather than from Europe. Con-
tinued expansion is expected as advances in
basic technologies, packaging and software
development environments provide oppor-
tunities to address increasingly sophisticated
user needs and expectations, and there is
continued opportunity for Europe to develop
products which can compete effectively in
this important world market which has been
estimated (Alpert M., Fortune, October 1988,
p.76) at 20 billion ECU in 1993.

6.1 A Multimedia Office Workstation

One of the key trends in office systems is to-
wards a multimedia environment, evidenced
for example in the multimedia document filing
system developed by Olivetti and partners
(28) and in the work by Philips and partners
on the Imageur Documentaire (901).

Consistent with this trend, Bull (F), AEG (D),
INESC (P), ITALTEL Telematica (l), Sobemap
(B), Sarin (1), INRIA (F), CSELT (I), CEN/SCK
(B) and lIselqui (1) have been developing a
"Secure, Open, Multimedia, Integrated Work-
station (SOMIW)" (367). The workstation inte-
grates a set of functions which have never
before been together in an office workstation,
and which provide the user with a friendly in-
terface able to deal with various combinations
of information including text, pictures and
graphics. The workstation can decipher writ-
ten information and can accept spoken in-
structions. Secure communication is provided
between workstations.
















ling real-time as well as other types of infor-
mation. LION is based on a modular design
fully conforming to the Open System Inter-
connection (OS!) model developed by the In-
ternational Organisation for Standardisation
(1SQ), and uses a new multi-access protocol
based on hybrid circuit and packet switching.
Several international patents, issued or pend-
ing, cover the most innovative technical so-
lutions.

Major steps in achieving the project goals
were demonstrated at the CeBIT Fair in 1988
in Hanover. These demonstrations used signi-
ficant business applications to show the ca-
pability of the network to handle different
kinds of traffic (from "stream" to "bursty"), and
narrow-band to wideband (2 Mbits/sec) com-
munications. The five-year project is now en-
tering its final stage and it will be ready for
industrial implementation next year.

At the end of 1988, a three-node LION proto-
type was implemented at 140 Mbits/sec by in-
cluding service applications, management
functions, fault tolerance and traffic emulation
(for assessing the network performance
under full-load conditions). Each node has
user interfaces with different features in rela-
tion to the mix of traffic supported for the
demonstration. Specific objectives of the final
experiment are to highlight LION’s versatility
and flexibility in adapting to a wide range of
services, including file transfer, access and
management (FTAM), message-handling sys-
tems (MHS), and computer-aided design
(CAD). Gateways to external networks will
also operate on the network.

As well as the development of the network it-
self (with embedded applications), the partici-
pants are undertaking two related experimen-
tal studies. The first concerns the integration
of LION's physical level by using application-
specific integrated circuits (ASICs) to reduce
the chip count and power consumption in the
140 Mbit/sec prototype. The other task relates
to the design and laboratory development of
the transmission subsystem at 565 Mbit/sec,
suitable for the second LION generation.

The end of the project (first quarter of 1989)
will not be the end of LION, as two new ob-
jectives will be pursued: commercial exploi-
tation, with the focus on applications; and
evolution towards a second network genera-
tion addressing the communication needs
arising in a metropolitan area with a massive
concentration of information-based com-
panies. Standardisation will complement both
activities.

7.2 Effective Use of Distributed Resources

As companies develop more and more com-
plex networks, ofen incorporating many differ-
ent computers (mainframes, minis and
micros) allocated to different main tasks,
there is a need to be able to write applica-
tions that can draw on these various ma-
chines as and when required to make effi-
cient use of the distributed resources they
provide. A single application may need to
make use of several different programs held
on different machines, and data spread over
yet further machines.

The development of application software for
this type of situation is currently labour-in-
tensive and costly, especially where many
machines are interconnected and are ex-
pected to cooperate while handling volumes
of data, often including both text and
graphics as well as other media. The current
absence of a uniform mechanism for coupling
independently-coded  software  modules,
possibly written in different programming lan-
guages, provides a major hindrance for the
reuse of software which has been written,
tested and paid for.

One of the key objectives must be to develop
appropriate methods and tools for the COn-
struction and MANagement of Distributed Of-
fice Systems, and this objective is being ad-
dressed in the COMANDQOS project (834)
being undertaken by Olivetti (I), ARG (I),
Trinity College Dublin (IRL), ICL (UK), INESC
(P), Nixdorf (D), Bull (F), IMAG-Laboratoire de
Genie Informatique (F), CNR-IEI (I), Fraun-
hofer Institut/University of Stuttgart (D) and
the University of Glasgow (UK).
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The project is designing and building an inte-
grated support layer for the development,
management and operational control of appli-
cations distributed on a heterogeneous net-
work, and should be of great benefit to
application programmers and system admin-
istrators. It is taking an innovative approach
based on the integration of operating sys-
tems, programming languages, and database
technologies. A unifying view of these is pro-
vided by a model and system architecture
based on an object-oriented approach
coupled with persistent distributed storage.

An implementation architecture was defined
during 1987, and prototypes based on this
architecture have been developed during
1988. Bull are using the results of the project
in developing products for the Unix environ-
ment, and at ESPRIT '88 demonstrated a very
sophisticated desktop publishing system
based on the COMANDOS system kernel
placed on top of Unix, running Unix applica-
tions as objects and accessing Unix data files
as objects across several machines.

Short-term exploitation of the results of CO-
MANDOS includes the use by the partners of
some tools (performance modelling tool, sys-
tem observation and control facilities, etc.)
developed under the project, as well as the
acquisition and exploitation of the object-
oriented technology for the design of a dis-
tributed directory service, a hypermedia sys-
tem, and document management facilities. In
the longer term, the projects provides a basis
for a pre-industrial integrated application de-
velopment environment based on standard
building blocks such as X/OPEN-PQOSI inter-
faces, existing programming languages and
standard protocols.

The COMANDOQOS work will form an important
contribution to the OSF (Open Software
Foundation) Programme and to the definition
of standards, especially in regard to ISO (In-
ternational Standards Organisation) ODP
(Open Distributed Processing).

A second key objective must be to develop a
general architecture that can encompass all

office systems software in a distributed envi-
ronment, and important contributions to this
have come from work by Plessey (UK}, Mari
Advanced Electronics (UK), Philips (D),
Synergie Informatique et Développement (F),
DNAC-UPMC (F), and ITK (D) in the CSA or
"Communications Systems Architecture" pro-
ject (237), using an object-oriented approach.
The work is providing a research base for the
development of new products and is influenc-
ing new international standards for distributed
computer and telecommunications systems.

7.3 Security

Security is a requirement even in stand-alone
systems, but it becomes a much greater
problem when different computers are linked
together to form networks through which in-
formation can be passed or can be altered by
remote command. Security is being ad-
dressed by Christian Rovsing (DK), Bertin (F),
Protexarms (F), and COPS (IRL) in col-
laboration with the Universities of East Anglia
(UK) and Kéin (D} in MARS, Project 998. This
project is studying the current state of the art
in the areas of physical and logical security
and integrity of office systems in order to de-
velop a model, produce substantial innovative
proposals dealing with the needs of future of-
fice systems, and provide inputs to relevant
standards activities. A complete set of se-
curity guidelines for system managers and
system designers was produced. For pur-
poses of illustration, the project has also
defined the requirements for key manage-
ment and end-user security facilities in a
treasury management system.

7.4 New Services

GEC (UK), AEG (D), Nixdorf (D), Olivetti (1)
and University College London (UK) (Project
395, INCA) demonstrated an OSI distributed
directory at ESPRIT '88. The system, called
"QUIPU", follows the draft CCITT X.500 re-
commendations and ISO DIS 9594, and is the
first public geographically distributed demon-
stration of an X.500 system.




The demonstration showed how the system
allows the various parts of a distributed data-
base, perhaps administered by different or-
ganisations, to cooperate in information ex-
change and replies to queries. A Network
Management System was also demonstrated
as an example of an "open" management sys-
tem.

A set of tools were developed in INCA for the
support of the implementation of communica-
tion systems. VAP is one of them, which en-
ables any system to implement any protocol
written in the EFSM notation. The end pro-
duct is a C-code definition which ensures
portability to other systems using VAP. Cur-
rently the exploitation of VAP is taking place
within the AEG group of companies in Eu-
rope. Plans have been made to market it in
the US.

At Nixdorf the results of the project were ex-
ploited in different ways and to different de-
grees. The outcome of the project has
strongly influenced Nixdorf's office product,
“Targon Office".

One of the few (but important) hardware
components prototyped within the project
was the high resolution display, which was
further developed to a commercial stage out-
side INCA. The 17" display is now available as
an option in the Professional Workstation
(PWX) made by Nixdorf. This development
allowed Nixdorf access to technology which
facilitates the presentation of high quality
graphic output to the office user. This was
formerly only available on expensive
CAD/CAMworkstations.

When the work was started, no experience
was available in Europe on how to deal with
the high bandwidth (160 MB pixel-rate)
needed to build such displays cost effectively,
nor to support the European hard radiation
regulations. The most significant and cost-ef-
fective achievements are a flicker-free high
resolution (120 pixel per inch) A4 page dis-
play of black characters on a white back-
ground, the softscroll on the complete dis-
play, and the hardware support for graphics
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commands. An additional commercial spin-off
is a 20" portrait display, now under develop-
ment. Derived in part from work within the
same project, Olivetti has launched a range
of networking products under the generic
name "Olinet".

British Telecom (UK), CSELT (I), CNET (F),
Industrie FACE Standard (I), STC Technology
(UK). TRT (F), Dr Neher Laboratories (NL),
and Telefonica CTNE (E) have been col-
laborating on the development of a Multipoint
Interactive Audiovisual Communication
(MIAC) system (Project 1057). This is a hi-fi
system based on 64 Kbits/sec transmission,
with potential upgrade to ISDN. The multi-
point nature of the system makes it attractive
to organisations that need to hold conferen-
ces across a number of different sites. The
high quality sound makes natural discussion
possible between conference participants.
Participants can also send and receive fac-
simile documents, colour still images or writ-
ten messages. All of the communications are
carried on a single digital line.

The project has achieved international ac-
ceptance through the international standards
organisations of the infrastructure it has pro-
posed. and has demonstrated prototype
equipment, including a muitipoint link be-
tween six locations in the UK, ltaly, Holland,
and France, and a demonstration at ESPRIT
'88. The industrial partners are working to
build on this success by developing products
based on the system. User organisations will
be able to choose the terminal that best
meets their requirements, confident in the
knowledge that interworking between the
products of the different companies con-
cerned will be possible.

8. STORAGE AND RETRIEVAL SYSTEMS

Networks are used not only for communica-
tions but also to provide access to reposi-
tories of information. For electronic storage
and retrieval systems in an office environment
to provide effective, practical alternatives to
paper-based systems, they must be capable




of storing at least the same diversity of types
of information. This means that it is necessary
to develop office information servers (OIS)
that are capable of holding in digital elec-
tronic form all office information, including
that which is currently committed to paper.

Significant progress towards this objective
has been made by ICL (UK) and Bull (F) in
cooperation with Trinity College Dublin (IRL),
the University of Stuttgart (D) and the Fraun-
hofer-Institut fir Arbeitswirtschaft und Organi-
sation (D) in DOEOIS, Project 231.

The project has successfully demonstrated a
prototype OIS providing access to informa-
tion in a variety of forms including both data
and documents, as well as to procedural in-
formation concerning, for example, the pro-
gress of claims forms or other items through
the necessary office procedures. The proto-
type shows how it is possible within a single
system to retrieve not just items of data or
text but also to answer queries such as
"Where has my expense claim got t0?" and
"How many sales have reached the contract
stage?". A number of outputs are used or
built into products by the partners : Bull is ex-
ploiting the ODA/ODIF encoding-decoding
functions, ICL is extending the FM Query Lan-
guage and plans to exploit it in a semantic
database project, and IAQ is actively using
the office analysis methodology.

A longer term industrial impact is planned on
third-generation database management sys-
tems. The results of DOEQIS will rectify some
of the known deficiencies of relational data-
base systems concerning, for example, large
or composite objects. In addition, the OIS in-
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terface is seen as the platform for the high-
level portability of OIS applications.

A further dimension to office information is
the mixing of different media within a single
item. For example, papers may contain text
and graphics as well as tables of statistical
information. Electronic documents can in
principle include other media as well, such as
voice annotation. In order to realise this tech-
nological potential in practice it is necessary
to develop electronic filing systems that can
handle multimedia documents, and this is
being achieved through the cooperation of a
number of key companies and their ESPRIT
partners - Olivetti (1), the Battelle Institute (D),
the Cretan Research Centre (GR), Triumph-
Adler (D), Epsilon (GR), Eria (E), and CNR-IEI
() - in MULTOS, Project 28.

The user interacts with a MULTOS system
through a client subsystem, which provides a
friendly user-interface to the server holding
the documents. Two types of server are used,
the "dynamic server", for documents which
need to be updated or accessed frequently,
and the "archive server”, for more stable do-
cuments which are accessed less frequently.

A first prototype system demonstrating how
the principles involved could be applied to
text documents was implemented in 1987.
The second prototype, currently under de-
velopment, extends the application of the
same principles to the problem of storing and
retrieving graphics as well as text, and in-
cludes an optical disc unit to provide the
mass storage capability required for large vol-
umes of multimedia documents.

































European participants, drawn from univer-
sities (74%). research establishments (20%)}),
and industry (6%).

The response to the call for proposals was
much larger than had been anticipated. Fur-
thermore, the proposals were generally of a
very high quality and involved virtually all the
European teams working in the forefront of
basic IT research. The large number of pro-
posals meant that only those of exceptional
quality could be funded.

The procedure used for the evaluation of
Basic Research proposals was that, after an
initial classification into areas, the proposals
were allocated to external expert referees (al-
together some 270 were used). Each propo-
sal was refereed by at least three experts.
More than 95% of the referees responded
promptly within the time limits allowed, and
the quality and extent of their reports was im-
pressive. The consistency of the referees’ re-
ports for each proposal was very high.

A panel of rapporteurs evaluated the propo-
sals, based on the referees’ reports. The rap-
porteurs’ work was completed by September
5, 1988. The advice of the ESPRIT Advisory
Board (EAB) was received in early October,
and the evaluation procedure was completed
with the meeting of the ESPRIT Management
Committee (EMC) at the end of the same
month. The evaluation results were officially
announced at the 1988 ESPRIT Conference.

3. OVERVIEW OF LAUNCHED ACTIONS

As a result of the evaluation procedure and
the recommendations of the EAB and the
EMC, 62 proposals involving 285 different or-
ganisations were selected. In addition, 24
proposals were joined in working groups and
given limited support to facilitate cooperation
through travel and workshops. In total, a
funding level of 63 MECU is expected to
cover work over a 30-month period.

Principal research topics addressed in each
of the three main areas are:
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Microelectronics
— low temperature electronics;

— high temperature superconductivity: the-
ory, thin-fitms, devices;

— semiconductors: quantum effects, inter-
face characterisation;

— organic materials: molecule-size devices;

— optical computing: devices, interconnec-
tions, architectures;

— next generation design systems: formal
methods and algorithms.

Computer Science

algebraic and logical foundations of for-
mal systems;

— unified description and analysis of con-
current systems: logics, languages, and

models;

— formal specification and verification of
complex systems;

— integration of programming styles, algo-
rithms;

— dependability, databases and distributed

computing.
Artificial Intelligence and Cognitive
Science

— 3D vision and robotics in dynamic envi-
ronments;

— hardware implementations of neural net-
works;

— formalisms for knowledge representation
and inference,;

— large lexical databases and discourse
processing;




— formal theories of design for manufactur-
ing processes;

— generalised predictive models for human-
computer interaction.

Even though each proposal, for practical pur-
poses, was assigned to a specific area, many
proposals were of an interdisciplinary nature
and defined research topics that crossed the
boundaries between areas. Some examples
are:

— VLSI architectures and CAD: here tech-
niques from different areas meet in the
development of new routes to system de-
scription, specification, and design.

— computational logic, with the objective of
providing the foundations for an inte-
grated logic-based software environment
for problem solving by combining logic
programming, Al, and deductive data-
bases.

— Integration of speech and natural lan-
guage processing: this aims to over-
come current limitations of industrial
speech-recognition  techniques  using
novel neural network/connectionist pat-
tern recognition methods, and to over-
come the long-standing gap between the
processing of speech and natural lan-
guage.

ESPRIT Basic Research Actions will maintain
and extend the interdisciplinary links between
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the actions by encouraging and supporting
broad information dissemination.

4, CONCLUSIONS

During the evaluation it became clear that the
massive effort put into the preparation of pro-
posals has already led to new communication
and cooperation channels within the Euro-
pean research community. These develop-
ments will be reinforced by the actual launch-
ing of the actions and the establishment of
the working groups. It should also be pointed
out that about 75% of the researchers in-
volved were newcomers to ESPRIT.

The important task of linking Basic Research
Actions to industrial research will be accom-
plished both through direct industrial partici-
pation and effective links with ongoing or
planned ESPRIT Projects. Action monitoring
and reviews will follow up on the relationships
established to facilitate the eventual transfer
of results from basic to industrial research.

It can confidently be stated that the Actions
launched, taken together, constitute a strong
and wide-ranging European collaboration to-
wards key future technological developments
in the areas addressed. The Actions also
define a standard of attainment and quality
only achievable through transnational colla-
boration. By its very nature, Basic Research
requires a long sustained effort to be suc-
cessful, and there is every reason to believe
that the Actions launched will provide a solid
basis for such an effort.










on the implementation of OSl-conformant ser-
vices as far as possible.

EuroKom

This important element of the IES provides an
electronic mail and conferencing service.

Computer or electronic conferencing is a
computer-based analogue of a face-to-face
dialogue or group meeting. Participants send
and receive messages through the host com-
puter that organises and keeps track of
usage and otherwise facilitates the exchange
of information. Messages are grouped by
topic into what are called conferences, and
the system contains tools for structuring the
message database so that in the event of a
user being faced with an overwhelmingly
large volume of messages to process he may
selectively receive just those messages that
he requires to process at that moment. At the
beginning of the year the existing host com-
puter was replaced by a more powerful ma-
chine, and the technically complex and or-
ganisationally difficult task of migrating the
existing service, with over 1200 users, was
undertaken. The success of this migration ac-
tivity, without loss of any messages, repre-
sents a significant achievement on the part of
the staff of University College Dublin who
were responsible.

Since the new machine has become oper-
ational, improvements in performance and re-
liability have been noted, and although a cer-
tain decrease in activity could have been ex-
pected due to the ending of some of the
ESPRIT | projects, in fact the user base has
grown from 1200 to around 1500, with user
groups from other Community programmes
such as RACE increasing their use of the sys-
tem.

An X.400 gateway has also been im-
plemented on the new machine, and this fa-
cility was demonstrated at the ESPRIT Con-
ference. The opportunity was also taken to
demonstrate interoperability with the IES
Rose project (see below).

EUROCONTACT

This service provides a means by which
potential programme participants may identify
other organisations who are also interested in
a particular research subject, in order to sup-
port the formation of the necessary consortia
for making a project proposal. Access is pro-
vided to a database which contains informa-
tion on the organisations and the areas in
which they are seeking cooperation.

During 1988 the service was operated in sup-
port of the ESPRIT Il call for proposals, and
details of over 1600 organisations were regis-
tered.

Experience with the operation of the service
has shown the opportunities for introducing
improvements, especially by providing sup-
port at the national level, so that assistance
may be made available, in the local language,
by someone whao is conversant with the oper-
ation of the system and who, if possible, can
also answer more general questions concern-
ing the programme.

A new version of the system has therefore
been developed that operates on a dis-
tributed basis through the support and co-
operation of national support points. A pilot
version of this new system was demonstrated
at the ESPRIT Conference and is planned to
be operational in 1989.

|ES Data Collections

Recognition of the importance of information
systems concerning the Commission pro-
grammes and European IT research has re-
sulted in the definition of the CORDIS (Com-
munities R&D Information System) project,
which is specifically targeted to address this
activity for the whole of the Framework pro-
gramme.

The IES Data collections are seen as a valu-
able forerunner to the services planned to be
provided by CORDIS, and the SDC-1 data-
base covering IT projects contains 3500 rec-
ords and is one of the most heavily used da-




tabases on the ECHO (Luxemburg) host, with
80-90 connect hours per month.

In order to improve the ECHO service, a
menu-driven user interface has been de-
veloped and improved user documentation
has been produced. Both these tasks are ex-
pected to be of considerable benefit to
CORDIS.

In line with the aim of enabling prototypes to
be brought to the market place, a pilot data-
base service (PROTEAS) has been set up
which enables details of prototypes which are
thought by the developers to be ready for
product development to be advertised on a
Europe-wide basis. This is intended to con-
tribute to forging the necessary links to other
manufacturers or venture capitalists.

A demonstration of 36 "live" entries was held
on-line at the ESPRIT conference and the in-
terest expressed provides evidence of the
potential of PROTEAS as a viable database
service.

|IES Newsletter

The IES Newsletter, published every 2
months, doubled its circulation during 1988,
and over 10 000 copies are now distributed.
The articles continue to be targeted at those
people interested in computer networking,
particularly researchers, and a section on
COSINE news is now a regular feature.
Agreement has recently been made with
CEN/CENELEC that material for another sup-
plementary sector, covering topical and inter-
esting developments in the area of stand-
ardisation, will also be provided in future.

User Support

As well as the more usual user support func-
tions such as documentation and help lines, a
User Forum was held during the ESPRIT
Conference. This gave the opportunity to dis-
cuss the performance of the IES services as
perceived by the users over the last year, to
outline plans for the future, and to receive
valuable feedback.
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It appeared from the participants of the User
Forum that while the more heavily used IES
services, namely EuroKom and the IES News-
letter, were in the main appreciated and rec-
ognised as providing a valuable support func-
tion, nevertheless there exists a general feel-
ing that the user-friendiiness of the IES
services could be improved. Much interest
was therefore shown in the presentation of fu-
ture intentions concerning National Support
Centres aimed at giving more direct support
to end-users, and to the plans to define
Remote Intelligent Front End functions
(RIFEs), which it is hoped will give the possi-
bility of providing gateways, access control
and authentication, session level service
switching and local language command
strings at the national level.

1.2 The |IES Development Projects

The |ES initiative to encourage the develop-
ment of OSl-conformant telecommunications
software has continued, with emphasis
placed on developments for both UNIX-based
systems and personal computers (PCs) run-
ning under MS-DOS.

The ROSE Project (33) is now drawing to a
close, and successfully demonstrated work-
ing products at ESPRIT Conference Week
1988. The partners exhibited two commercial
versions of CCITT X.400 Message-Handling
Software (MHS) and three versions of File
Transfer, Access and Management (FTAM),
interworking between 9 machines from 5
manufacturers (Bull, GEC, ICL, Olivetti, Sie-
mens). Both the MHS and FTAM versions
have been extensively tested against the
standardised Conformance Test Service
(CTS) models. A further presentation of much
interest was the first known demonstration of
an implementation of Basic Network Adminis-
tration, which is an early intercept of the I1ISO
Network Management Draft Proposal (ISO DP
9595), running on and reporting the actions
of four different machines. Project partners
have provided significant input to standards-
making bodies, especially the 1SO working
group for Network Management during this
year. All the partners now have OSl-confor-




mant software modules in their product cata-
logues.

With the continuing emergence of OSl-con-
formant services for messaging and file trans-
fer, awareness of the need for directory ser-
vices has increased.

The THORN Project (719) was originally con-
ceived as a study of directory services, lead-
ing to a precompetitive development confor-
ming to the only standard then available,
namely the European Computer Manufac-
turers’ Association (ECMA) TR/32. The soft-
ware developed was produced and this im-
plementation was subsequently ported to
many machines within a Large Scale Pilot Ex-
periment (LSPX), which was carried out at
project participants’ sites.

A second phase of the project has been
defined for implementation of an ISO-confor-
mant version, and is now being implemented.

The LSPX, which is presently operating using
the ECMA conformant software developed
under Phase 1, has grown a great deal during
the course of 1988. It currently runs at 16
sites in 6 countries, storing directory informa-
tion for about 1000 organisations and 20 000
names, and now includes a number of aca-
demic institutions not previously associated
with the project. Considerable experience of
the operation of distributed directories has
been acquired within the LSPX, which will be
of assistance to organisations proposing to
implement such directories for future oper-
ational activities. Following the cutover to the
OSl-conformant version, it is anticipated that
the LSPX will grow even further, with new in-
stallations being made by French, German,
ltalian and UK academic institutions, as well
as by some industrial concerns. Testing and
data-loading tools have been developed to
reduce the effort and time taken to achieve
new implementations. The project is intimate-
ly bound up with the standard-making
groups, and its input has been significant. We
believe that THORN is probably the leading
directory project worldwide, especially in

terms of the actual operating experience
gained from the LSPX.

The CARLOS Project (718) was aimed at the
provision of solutions for the communications
problems of existing PCs. To this end, both
hardware and software were developed to
communicate via the publicly available
packet-switched services. The initial develop-
ment - "OSI-PC" - was a stand-alone personal
computer, running under the Concurrent
CP/M operating system, with software to in-
terconnect with the packet-switched service.
The next major item to be developed was the
"OS1-BOX", which was a larger implementa-
tion of the OSI-PC, designed to provide com-
munications services for multiple PCs. Follow-
ing redirection of the Project to include the
development of the Network Management
Centre (NMC), a prototype was developed
and installed to manage the Danish Library
Service’s data communications system. The
CARLOS implementation of Virtual Terminal
(VT) has been selected by British Telecom for
use on a commercial basis.

After successful prototype trials and demon-
strations, it was realised that some of these
developments would require further evolution.
This led to the definition of subsequent
phases of the project. In consequence, a pro-
ject extension - CACTUS - was approved in
1987 to provide X.400 messaging for clusters
of PCs, grouped around a UNIX-based serv-
er, providing the Message Transfer Agent and
Message Store facilities. The development is
nearing completion and is expected to be a
highly competitive product. Prototypes will be
demonstrated during the first quarter of 1989
and commercial implementations should be
available during the third quarter.

In addition to the need for X.400 messaging,
it was recognised that there is a large poten-
tial demand for advanced communications fa-
cilities for PCs including File Transfer, Access
and Management (FTAM) and Virtual Termi-
nal (VT). Hence in 1988 a further extension to
the project - SESTA - was approved to de-
velop a full CCITT X.25 capability for PCs
based on a plug-in interface card, which will
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handle all the processes other than the man-
machine interface. The "SESTA-CARD" and its
software will be completed by the summer of
1989 and is expected to be commercially
available towards the end of 1989.

1.3 Harmonisation Activities

OSl standards implementation is being pro-
moted and supported in order to ensure that
interworking of heterogeneous equipment is
possible on a large scale, corresponding to
the requirements of the ESPRIT model of Eu-
rope-wide computer communications.

Having previously given encouragement and
financial support to the formation of the RARE
(Réseaux Associés pour la Recherche Euro-
péenne) association of users and providers of
computer networks for researchers, support
is now being given for the RARE Message-
Handling Project.

During 1988 the RARE Message-Handling
Project has doubled its coverage and ap-
proximately 350 sites are now connected
worldwide. A comprehensive migration activ-
ity to X.400 (1984) conformant systems using
standard attributes for addressing has been
undertaken, with about half of the sites now
conforming. A major update on the documen-
tation was undertaken, information (as user
directories) has been added, and an informa-
tion package has been prepared for other
counties that are interested in joining. Con-
nection to public X.400 services is either im-
plemented or is in the process of being
tested in 7 out of the total of 17 countries
participating in the project.

Further activities are carried out in this area in
support of the EUREKA COSINE project. As
well as the previously mentioned inclusion of
COSINE news in the ESPRIT IES newsletter,
IES has also taken on the role of secretariat
and project officer for COSINE. This entails
organising meetings and conferences, repre-
sentations at workshops and exhibitions in-
cluding the annual COSINE workshop, and
providing the administrative and management
services backup.

1988 has seen the completion of the COSINE
specification phase. The technical work,
undertaken by RARE, has resulted in ten re-
ports containing descriptions of user require-
ments, technical specifications and recom-
mendations for the implementation of the
COSINE project. ESPRIT, via the IES, has
been actively supporting the definition of a
pilot X.25 (1984) backbone to support the Eu-
ropean Research Community, and has
agreed to provide start up funding to ensure
that this important initiative gets off the
ground.

2. ACCESS TO THE RESULTS OF THE
PROGRAMME

Special efforts are made to ensure that infor-
mation about the programme is made easily
available. During 1988, in the various member
states:

~ ESPRIT Projects gave demonstrations at
16 exhibitions and conferences;

— 28 ESPRIT Information Days and similar
events were held;

— 7 ESPRIT books and 1 in the ADA publi-
cation series were published;

— some 100 000 volumes of ESPRIT project
synopses were distributed;

and numerous presentations at conferences,
technical papers, press articles, and videos
were prepared and published.

2.1 The 1988 ESPRIT Conference

As in previous years, the annual ESPRIT Con-
ference was the place for ESPRIT project par-
ticipants, industrialists and government IT pol-
icy makers to meet and to discuss the re-
sults, achievements and impact of the
ESPRIT programme. The Conference, or-
ganised in November in Brussels under the
theme ‘Putting the Technology to Use’, was
attended by around 2000 persons, participat-
ing in various different events:
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May and in December. They have the follow-
ing objectives:

— disseminating the results of ESPRIT CAD
projects;

— ensuring rapid and consistent exploitation
of new research ideas by means of se-
lected tutorials;

— maintaining the strong sense of identity of
the existing community of CAD re-
searchers in Europe.

Contact Point: M J Newman - CEC
DGXIII/A3
Tel: +32.2.235.70.63

ADA-EUROPE

This group, formed in 1980, has the following
objectives:

— pooling resources and exchanging infor-
mation on Ada within and outside the
Community, to ensure that expertise in
the Ada language and its environment is
used most effectively;

— providing a link between the Commission
and the United States (specifically the
Ada Joint Program Office), and the Inter-
national and National Standards Organi-
sations within Europe;

— giving guidance to Europeans working on
Ada and promoting the awareness, devel-
opment, and use of Ada and Ada-related
tools.

Principal Activities in 1988

— Ada-Europe Conference in Munich, held
in June.

- Regular Working Group meetings on
Ada-relatedissues.

Contact Point: Karel De Vriendt - CEC
DGXII/A2
Tel: +32.2.235.77.69

VDM-EUROPE

Formed in 1985 with the objective of increas-
ing awareness, use, development, and stand-
ardisation of the Vienna Development Method
(VDM).

Principal Activities in 1988

— VDM'88 Symposium, Dublin, held in Sep-

tember;

— 3 meetings devoted to VDM stand-
ardisation and presentation of VDM-re-
lated projects.

The group is open to all European parties in-
terested in the use, propagation, and further
development of VDM. It plans to meet 3 or 4
times a year and to organise a major VDM-
Europe Symposium annually.

Contact Point: Karel De Vriendt - CEC
DGXIll/A2
Tel: +32.2.235.77.69

SOFTWARE PRODUCT AND PROCESS
METRICS (SPPM)

Formed in 1986, the objective of this group is
the advancement of software metrics and
quality. During 1988, workshops and meet-
ings identified three main areas for action:
software certification, software experimenta-
tion, and a European software laboratory.

Contact Point: Dr. N Abu El Ata
DATAID
43 av Raymond Poincare
75116 Paris, France
Tel: +33.1.45.53.47.26

LISP

Formed in 1987, the objective of this group is
the preparation of an international standard
for the programming language Lisp. This
group is open to all European parties inter-
ested in the definition and the use of a stand-
ardized Lisp.




Principal Activities in 1988

— participation in the creation of the [SO
WG16 Lisp;

— 5 meetings devoted to the preparation of
a draft proposal to be submitted at ISO
WG16. Hosting the third;

— hosting the third meeting of the ISO/IEC
JTC1/SC22/WG16 Lisp in November 1988
at Brussels.

Contact Point: Jerome Chailloux, ILOG
2 av Gallieni
94250 Gentilly, France
Tel: +33.1.46.63.66.66

PM2 (PROJECT MANAGEMENT PROJECT
MEETINGS)

This group, formed in 1987, has the following
objectives:

— collecting data models of member pro-
jects, comparing their expressiveness,
and trying to reach a common model
allowing the exchange of tools between
the different systems;

— describing a minimal set of functionalities
for the different project management
tools;

— reaching a common definition of the user
interface functionality;

— comparing the different process models
to investigate whether there is an under-
lying common model.

Contact Point: Annie Leclerc
CAP Sogeti Innovation
Tel: +33.76.90.80.40
Fax: +33.76.41.06.29

GRAPHICS IN ESPRIT

Formed in 1988 with the objective of encour-
aging information exchange in the computer
graphics field.

Principal Activities in 1988
— Graphicsin ESPRIT Workshop, Brussels;
— session during the ESPRIT Conference.

Contact Point: D. A. Duce
Rutherford Appleton Laboratory
Chilton, Didcot
OXON OX110QX, UK
Tel: +44.235.44.55.11
Fax: +44.235.44.58.31
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443

Molecular Engineering for Optoelectronics

CNET-Centre National d'Etudes des Telecommuni, Faculte Universitaire
Notre-Dame de la Paix, Imperial Chemical Industries Plc,
Thomson-CSF-Laboratoire Central de Recherche

456
Improvement of Yield & Performance of ICS by Design
Centering

AEG AG, SGS-Thomson Microelectronics, Teg-Telefunken Electronic
GmbH, Universitat Stuttgart

491
Materials and Technologies for High Mobility TFTS for
LC Display Bus Drivers

AEG AG, CETIA, CNET-Centre National d'Etudes des Telecommuni,
CSEE

509

Substrates for CMOS VLSI Technology
Imec VZW, Matra Harris Semiconducteurs {MHS), SGS-Thomson
Microelectronics SpA

514

Quantum Semiconductor Devices
General Electric Company Ple, Thomson-CSF-Laboratoire Central de
Recherche

519

Dopant Profiling for Submicron Structures
AEG AG, General Electric Company Plc, Imec VZW

522

Compound Semiconductor Materials & Integrated Cir-
cuits - |

Bell Telephone Mfg. Co., CNET-Centre National d'Etudes des
Telecommuni, Farran Technology Ltd, General Electric Company Plc,
STC Technology Ltd, TEG-Telefunken Electronic GmbH

544
Investigation of all Aspects of the Interconnection of

High Pincount Integrated Circuits
BPA Techn. & Management Ltd., British Aerospace Plc, Lucas Stability
Electron, National Microelectronics Research Centre

554 SPECTRE
Submicron CMOS Technology

Aarhus Universitet, Aere-Atomic Energy Research, British Telecom Plc,
Bull SA, CNET, CNR-istituto Lamel, Imec VZW, Matra Harris
Semiconducteurs (MHS), Sgs-Thomson Microelectronics SpA, Telettra
SpA, Universite Catholique Louvain

574
High Resolution Plasma Etching in Semiconductor
Technology-Fundamentals, Processing and Equipment

Aere-Atomic  Energy Research, Fraunhofer IM, Johnson Matthey
Chemical, Leybold Heraeus GmbH, Mono Light Instruments Ltd.
802 Ccvs

CAD for VLS| Systems

AEG AG, British Telecom Plc, CiT-Alcatel, CNET, CSELT-Centro Studi e
Laboratori  Telecomunicaz, GMD-Gesellschaft fir Mathematik und
Datenver, ltaltel Telematica SpA, Matra Harris Semiconducteurs (MHS),
SGS-Thomson Microelectronics SpA

824

Wafer Scale Integration

British Telecom Plc, CEA-LET!, INPG-Institut National Polytechnique de
Greno, National Microelectronics Research Centre, SGS-Thomson
Microelectronics, Technische Hochschule Darmstadt

830
Packages for High Speed Digital GAAS Integrated Cir-

cuits
Mo Valve Company Ltd, Thomson-CSF-Laboratoire Central de Recherche

833

Large Area Complex Liquid Crystal Display Addressed
by Thin Film Silicon Transistors

AEG AG, Aristotle University of Thessaloniki, CNET-Centre National
d'Etudes des Telecommuni, General Electric Company Plc, Modulex A/S,
Thomson-CSF-Laboratoire Central de Recherche, Universita di Bologna

843

Compound Semiconductor Integrated Circuits

Farran Technology Ltd, General Electric Company Plc, Laboratoire de
Physique Appliquee, Plessey Company Pic, Siemens AG, STC
Technology Ltd, Thomson-CSF-DCI

887 ECIP
European Cad Integration Project

Bull SA, CIT-Alcatel, ICL-International Computers Ltd, Nederlandse Philips
Bedrijven BV, Philips  Gloellampenfabrieken NV, SGS-Thomson
Microelectronics SpA, Siemens AG

888 AIDA
Advanced Integrated-Circuit Design Aids
ICL-International  Computers  Ltd, SGS-Thomson
Siemens AG

Microelectronics,

927

Basic Technologies for Gainas Misfets
Aixtron,  Laboratoire de Physique Appliquee,
(Rheinisch-Westtaelische Technisc, Wacker Chemitronic

RWTH  Aachen

958
High Performance VLS! Packaging for Complex Elec-

tronic Systems
British Telecom Plc, Bull SA, GEC Research Laboratories

962 EVEREST
Three Dimensional Algorithms for Robust and Efficient

Semiconductor Simulator

Analog Devices BV, General Electric Company Plc, Imec VZW, National
Microelectronics Research Centre, Nederlandse Philips Bedrijven BV,
Rutherford Appleton Laboratory, SGS-Thomson Microelectronics SpA,
STC Technology Ltd., Trinity College Dublin, Universita di Bologna,
University College of Swansea

971
Technology of GaAs Bipolar Integrated Circuits

CNET-Centre National d'Etudes des Telecommuni, Farran Technology
Ltd., General Electric Company Plc, Plasma Technology Ltd., Plessey
Company Plc

986

Optical Interconnect for VLS| and High Bit Rate ICS
GEC Marconi Research Centre, Telettra SpA, University of Southampton

991

Multiview VLSI - Design System ICD

British Telecom Plc, ICS, INESC-Instituto De Engenharia de Sistemas E
C, PCS Peripheral Computer Systems, Technische Universiteit Delft,
Technische Universiteit Eindhoven, University of Essex

1007

0,5 Micron X-Ray Lithography:Sources,Masks, Resist and
Transferred Image

CNR-IESS, CNRS-Centre National de Recherche Scientifique, King's
College London, SGS-Thomson Microelectronics SpA,
Thomson-CSF-Laboratoire Central de Recherche

1043
Advanced Mask and Reticle Technology for VLS| Sub-
micron Microelectronics Devices

BMP  Plasmatechnologie, British Telecom Plc, Imec VZW, Plessey
Semiconductors, Siemens AG, Valvo Bauelemente Philips

1056
Ultrasensitive Impurity  Analysis  for

Structures and Materials
CAMECA, Imec VZW, Philips Research Laboratories, Siemens AG

Semiconductor
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1058
Knowledge Based Design Assistant for Modular VLSI
Design

Imec VZW, INESC-Institutoc de Engenharia de Sistemas E C, Philips
Gloeilampenfabrieken NV, Silvar-Lisco NV

1128
Large Diameter Semiinsulating GAAS Substrates Suit-
able for LSI Circuits

Laboratoire de Physique Appliquee,
Wacker Chemitronic

Universite Catholique Louvain,

1270

Advanced Processing Technology for GAAS Modulation
Doped Transistors and Lasers

CNET-Centre National d’Etudes des Telecommuni, Elltec SA, Plessey

Company Plc, Research Center of Crete - Cretan Computer In, University
of Wales |.S.T.

1551 AMS
Advanced Manufacturing System
Marconi  Electronic  Devices Ltd, SGS-Thomson  Microelectronics,

SGS-Thomson Microelectronics SpA

1563 ACAFS
Automatic Control of an Asic Fabrication Sequence as
Demonstrated in the Plasma ETCH Area

Bertin & Cie, European Silicon Structures SA, Leybold Heraeus GmbH,
Mietec NV, Plasma Technology Ltd.

SOFTWARE TECHNOLOGY

32 PCTE

A Basis for a Portable Common Tool Environment
Bull SA, General Electric Company Plc, ICL-International Computers Ltd,
Ing. C. Olivetti & C. SpA, Nixdort Computer AG, Siemens AG

315 RAISE

Rigorous Approach to Industrial Software Engineering
Brown, Boveri & CIE., CRI A/S, ICL-International Computers Ltd., STC
Technology Ltd.

125 GRASPIN
Personal Workstation for Incremental Graphical Specifi-
cation and Formal Implementation of Non-Sequential
SY

Epsilon GmbH, Etnoteam SpA, GMD-Gesellschaft fiir Mathematik und

Datenver, Ing. C. Olivetti & C. SpA, Stemens AG, Tecsiel SpA, Universitet
Kaiserslautern, University of Patras

266 PEACOCK
Software Development Using Concurrently Executable
Modules

Eurosoft Systems SA, Plessey Company Plc, Polytechnic of Hatfield,
Universitat Dortmund, Universitat Karlsruhe

267 ASSET
Automated Support for Software Engineering Technol-
ogy Feasability Study

GPP Gesellschaft fir Prozessrechnerprogrammi, Plessey Office Systems
Ltd.

282 SPMMS
Software Production & Maintenance Management Sup-
port

CiT-Alcatel-CERSI CIT-Alcatel-SESA, Data Management SpA, Sema
Metra, Sofemasa

283 FOR-ME-TOO

Formalisms, Methods and Tools
CSELT-Centro Studi e Laboratori Telecomunicaz, Siemens AG, Syseca
Logiciel

300 REQUEST
Reliability and Quality of European Software
AEG AG, CISl-Informatique Internationale, Elektronik  Centralen,

Esacontrol SpA, GRS Gesellschaft fiir Reaktorsicherheit, STC IDEC Ltd.,
STC Technology Ltd, Thomson-CSF, UKAEA Atomic Energy Authority

302
Investigation of Performance Achievable with Highly
Concurrent Interpretations of Functional Programs

CAP SESA Innovation, ICL-International Computers Ltd, INRIA, University
of Stirling

348 GIPE

Generation of Interactive Programming Environments
BSO-Bureau voor Systeemontwikkeling, CWI-Centrum voor Wiskunde &
Informatica, INRIA, Sema Metra

390 PROSPECTRA
Program Development by Specification and Transfor-

mation
Alcatel Standard Electrica SA, CRl A/S, Syseca Logicie!, Universitat

Bremen, Universitit Dortmund, Universitat Passau, Universitat
Saarbruecken, University of Strathclyde
401 ASPIS

Application Software Prototype Implementation System
CAP SESA innovation, General Electric Company Plg, Ing. C. Olivetti & C.
Spa, Tecsiel SpA, Universite de Grencble

410 SEDOS
Software Environment for the Design of Open Dis-

tributed Systems
Bull SA, CNRS, ICL-International Computers Ltd, University of Twente

432 METEOR
An Integrated Formal Approach to Industrial Software
Development

ATT & Philips Telecommunication BEDR, CGE-Laboratoires de
Marcoussis, COPS (Europe) ULtd, CWI-Centrum voor Wiskunde &
Informatica, Philips & Mble. Associated, Philips Gloeilampentfabrieken NV,
Txt-Tech.Soft e Telematica, Universitat 'Passau, Universite de Paris Sud

510 TOOL USE
An Advanced Support Environment for Method Driven
Development and Evolution of Packaged Software
ClISl-Informatique Internationale, Generics Software Lid..
GMD-Gesellschaft fir Mathematik und Datenver, Onera-Centre d'Etudes
Recherches Toulouse, Universite Catholique Louvain

814

Project Integrated Management Systems

BSO-Bureau voor Systeemontwikkeling, CAP SESA Inngvation. London
School of Economics, Pactel, The Turing Institute, Universiteit van
Amsterdam, University College of London

PIMS

81




RE) PROSPECTRADEMO
Demonstration of Prospectra Methodology and System
Alcatel Standard Electrica SA, Syseca Logiciel

881 FORFUN
Formal Description of Arbitrary Systems by Means of
Functional LLanguages

Bell Telephone Mig. Co.. Katholieke Universiteit Nijmegen. Sagantec 8V,
Techniscne Universiteit Delft

891
Development of an Efficient Functional Programming
System for the Support of Prototyping

1CL International Computers Ltd. Non Standard Logics, University of St
Andrews. University of Twente

892 DAIDA
Advanced Interactive Development of Data-Intensive Ap-
plications

BIM SA. Cretan Computer Institute, GFI, SCS Scientific Control Systems.
Universitat Frankfurt

928 RUBRIC
"A Rule Based Approach to Information Systems Devel-
opment”

BIM SA. James Martin Associates, Micro Focus Ltd., UMIST-University of
Manchester Insttute of Science and Technology

937 DESCARTES
"Debugging and Specification of ADA Real-Time Em-
bedded Systems”

ESD Electronique Serge Dassault. Foxboro Nederland NV. GSI Tecsi
Software, Systeam Kg, Technische Universiteit Eindhoven, University of
Stirling

3938

Integrated Management Process Workbench
CETE Mediterannee, [CL-International Computers Ltd, NIHE-National

IMPW

Institute  for Higher Education, The Imperial College of Science.
Technology A. Verilog
951 PACT

PCTE-Added Common Tools

Bull SA, Eurosoft Systems SA, GEC Software Lid. ICL-Internationat
Computers Ltd. Ing. C. Olivetti & C. Spa. Syseca Logiciel. Systems and
Management SpA

974 KNOSOS
A Knowledge-base Environment for Software System
Configuration Reusing Components

CIT-Alcatel, CNET-Centre National d'Etudes des Telecommuni. Darnier

System GmbH. ESI, Matra Datavision (Espace), Yard Software Systems
Ltd.

1033 FORMAST
Formal Methods for Asynchronous System Technology
Advanced System Architectures, ERNO Raumfahrttechnik GmbH,
Loughborough University Technology, The Imperial College of Science,
Technology A. Universitat Kaiserslautern

1041
A General Environment for Formal Systems Develop-
ment-Genesis

Imperial Software Technology Ltd.. Philips Gloeilampenfabrieken NV, The
Imperial College of Science, Technology A

1072 DIAMOND
Development and Integration of Accurate Operations in
“lumerical Data Processing

T
PrE

-CerruT voor Wiskunde & Informatica. Numerical Algerithms Group
o Siemeng AG, Universitat Karlsruhe, University of Bath

PRACTITIONER
.nost System for Pragmatic Reuse of Software Con-

N

Al A'S. Nordisk Brown Boveri A/S. PCS Peripheral

82

1158 ATES
Advanced Techniques Integration into Efficient Scientific
Application Software

CISl Ingenicrie SA. Philips & Mble. Associated, UFR-Universite Paris 7,
Universite de Liege, Universiteit van Twente

1252 AMADEUS
A Multi-Method Approach for Developing Universal Spe-
cifications

BIM SA. HITEC Ltd., Interprogram BV, Telefonica CTNE. UMIST-University
of Manchester Institute of Science and Technology

1256 CHAMELEON
Dynamic Software Migration between Cooperating Envi-
ronments

Delphi, Harlequin Ltd., Non-Standard Logics, Universite de Paris Sud

1257 MUSE
Software Quality and Reliability Metrics for Selected Do-

mains : Safety Management & Clerical Systems
Brameur Ltd. CRIL, EBO, TUEV (Technischer Ueberwachungs-Verein E.V.}

1258 TRUST
Testing & Consequent Reliability Estimation for Real-
Time Embedded Software

City University of London. John Bell Systems, Liverpool Data Research
Assoc.. SES Software Engineering Services GmbH. University of Liverpool

1261

Host Target Development System
Logica UK Ltd.. Marconi Defence Systems Ltd.,, SESA-Societe Etudes
=Tes Automation. SFGL-Societe Francaise de Genie Logiciel, Softlab

HTDS

1262
Software Factory Integration and Experimentation

CAP Industry Ltd.. CRI - Computer Resources intl., ERIA, SFGL-Societe
Francaise de Genie Logiciel, Tecnopalis Csata Novus Orius

SFINX

1285 SEDOS DEMO
Sedos Estelle Demonstrator

Agerce de llniormatique. Bull SA, CNET-Centre National d'Etudes des
Telecommunications, CNRS -Laas-Laboratoire Automatique/Analyse Des,
E2S - Expent Software Systems NV, ENTEL SA, Marben, Universidad
Poltecnica de Madrid. Verilog

1271
SETL Experimentation and Demonstrator

CNAM-Centre National des Arls et Metiers, Enidata SpA, Hildesheim
Hochschule. Thomson-CSF-DSE, University of Patras

SED

1277
PCTE Portability

CAP Industry Ltd.. GIE Emeraude, Software Sciences Ltd., University
College of Wales

SAPPHIRE

1282 PAVE
PCTE and VMS Environment

GEC Scftware Ltd.. Syseca Logiciel

1283 VIP

VDM Interfaces for PCTE

CWI-Centrum voor Wiskunde & Informatica, Oce-Nederland BV, Praxis
Systems Plc. PTT Nederland NV, University of Leicester

1520 ACCUEIL DE LOGICIEL FUTUR,ALF
Advanced Software Engineering Environment Logistics
Framework

Cerilor. CIG Industry, Computer Technologies Co., Crin/Adilor, GIE

Emeraude. Grupo de Mecanica del Vuelo SA, ICL-International
Computers Ltd., Universitat Dortmund, Universite Catholique Louvain

1527

Software Productivity Evaluation Model
CERCI, Fuigi ltaliana, O Dati Espanoia S.L., Sofemasa, UK Atomic Energy
Authority, Verilog

SPEM




1535 APHRODITE
A PCTE Host-Target Distributed Testing Environment

Bull SA, Chorus Systemes. Delphi, Ferranti Computer Systems Ltd.
Philips-Trt.. Universite de Liege

1550 DRAGON
Distribution and Reusability of ADA Real-Time Applica-
tions through Graceful and On-line Operations

Dornier System GmbH, GSI TECS| Software, Politecnico di Milano,

TXT-Tech.Soft e Telematica, Universita di Genova. Universital Passau,
University College of Wales, University of Lancaster

1598 REPLAY
Replay and Evaluation of Software Development Plans
Using High-order Meta Systems

Alpha S.A.l. ClSi-Informatique Internationate. CRI Computer Resources
Intl., E2S Expert Softwarc Systems NV. ONERA-Centre d'Ftudes
Recherches Toulouse, Universite Catholique Louvain

1609 SMART
System Measurement and Architectures Techniques
Bull SA. CCS/SCYT, CEA-Commissariat & I'Encrgic Atomigue. CIS!

Ingenieric SA. CRI - Computer Resources Intl. Matra D¢ sion (Espace)
Paisley College Of Technology. Universitat Politecnica de Catalunya

ADVANCED INFORMATION PROCESSING

26
Advanced Algorithms and Architectures for Speech and
Image Processing

AEG AG, CSELT-Centro Studi e Laboratori Telecomunicaz, Hitec Ltd..

Politecnico di Torino, Thomson-CSF. Universita di Toring, Universite de
Strasbourg

96
Expert System Builder

CIMSA Sintra, CSELT-Centro Studi e Laboratori Telecomunicaz, Plossey
Company Plc. Soren T.Lyngsoe A’S

107 LOKI
A Logic-oriented Approach to Knowledge and Data
Bases Supporting Natural User Interaction

BIM SA, BP-Research Center. Cranfield Institute of Technology. Cretan

Computer Institute, Fraunhofer 1AO, INCA. Scicon Ltd.. SCS Scientific
Control Systems. Technische Universitat Munchen. Universitat Stuttgart

112
Knowledge Integration and Management Systems

Bull SA, CGE-Laboratoires de Marcoussis, INRIA. Prologia, Siemens AG,
Universite de Paris Nord

256
Time Dependency and System Modeling in kbs Design

for Industrial Process Applications
CISE SpA, Framentec

280

Intelligent Help for Information System Users

Courseware Eurcpe BV. CRI A'S. Dansk Datamatk Center
ICL-International Computers Ltd.. Universiteit van Amsterdam. University
of Leeds

304
Design of Techniques and Tools to Aid in the Analysis
and Design of Knowledge Based Systems

ICL-Internaticnal Computers Ltd.. Network Systems. Polytechnic of the
South Bank, SCS Scientific Control Systems. Universiteit van Amsterdam

387
Knowledge Representation and Inference Technigues in

Industrial Control
British Telecom Ple, Framentec. Krupp Atlas Elektronik GmbH, Queen
Mary Callege

393 ACORD
Construction and Interrogation of Knowledge Bases

Using Natural Language Text and Graphics
Bull  SA, CGE-Laboratoires de Marcoussis, Fraunhofer M. TA
Triumph-Adler AG. Universitat Stuttgart. University of Edinburgh

415
Parallel Architectures & Languages for AIP-A VLSI Di-

rected Approach

AEG AG. Bull SA. CSELT-Centro Studi e Laboratori Telecomunicaz
CWI-Centrum voor Wiskunde & Informatica. ESIEE-Ecole  Sup
d'Ingenieurs Electr./Electrot. General Electric Company. INPG-IMAG
Nixdorf Computer AG, Philips Gloeilampentabricken NV. Stollmann & Co
GmbH, Technische Universitat Berlin, Technische Universitat Munchen

419
Image and Movement Understanding

CAPTEC-Computer Appl.Technics, Katholieke Universiteit Nijmegen
Trinity College Dublin. Universita di Genova, Video Display Systems Srl

440 MADS

Message Passing Architectures & Description Systems
CGE-Laboratoires de Marcoussis, Delphi, Vrije Universiteit Brussel

527
Communication Failure in Dialogue: Techniques for De-
tection and Repair

ITT Industries Ltd., Linguistics Institute of Ireland, Memaory Computer Plc.
St. Patrick’s College, Universita di Pisa. University of Leeds

530 EPSILON
Advanced Knowledge Base Management System

Bense KG. Criss. Systems and Management SpA. Universita di Pisa
Universitat Dortmund, Universite de Lyon 3

311 ADKMS
Advanced Data & Knowledge Management Systems

Bull SA. Hildesheim Hochschule. Ing. C. Clivetti & C. SpA. Nixdort
Computer AG. Technische Universitat Berlin. Universita di Bologna.
Universita di Torino

316

An Architecture for Interactive Problem Solving by Co-
operating Data and Knowledge Bases

CAP SESA Innovation. CSELT-Centro Studi ¢ Laboratori Telecomunicaz,
ONERA-Centre  d'Etudes  Recherches Toulouse. Philips & Mble.
Associated

83

532 GENEDIS
Real Time Generation and Display of the 2.5D Sketch
for Moving Scenes

Barr & Stroud Ltd.. Ing. C. Qlivetti & C. SpA. University of Strathclyde.
Zeltron

599

Knowledge Based Assistant for Electromyography"
CRI ArS. Judex Datasystemer APS, Logica UL Ltd.. National Hospital for
Nervous Diseases. NUC - Nordjysk Udviklingscenter




818 DELTA4
Definition and Design of an Open Dependable Dis-

tributed Computer System Architecture

Bast AG, Bull SA, CNR-Consiglic Nazionale delle Ricerche, CNR-IEL
CNRS-Laas-Laboratoire Autormmatique/Analyse Des??7?7?, Ferranti
Electronics  Ltd..  Fraunhofer  Gesellschaft,  GMD-Gesellschalt  fur
Mathematik und Datenver, GSO Informatica SpA, IMAG-LGI-Laboratoire
Gene Informatique. Inesc Instituto de  Engenharia de Sistemas E C,
Jeumont-Schneider Telecommunications. Mari Advanced
Microelectronics Lid., Plessey Semiconductors, Telettra SpA., Universita
di Bologna

820

Design,Experimentation of a KBS Architecture and Tool
Kit for Real Time Process Control Applications

Ansaldo Impianti, CAP  Sesa Innovation. CISE  SpA. Framentec,

Heriot-Watt  University. NEA-Lindberg A/S, SNIAS-Societe  Nationale
Industrielle Aerospat

857 GRADIENT
Graphics & Knowledge Based Dialogue for Dynamic
Systems

CRI A'S. Gesamthochschule Kassel, Katholieke Universiteit Leuven,
Nordisk Brown Boveri A/S. University of Strathclyde

865
Non-Monotonic Reasoning Techniques for Industrial

Planning Applications
Aeritalia, Battelle Institut, Elsag SpA - Elettronica San Giorgio, ltalcad

866 COUSTO
Integrated Optic Technologies for Real Time Wideband
Optical Signal Processing

General Electric Company Plc, Selenia SpA, University College of
London

867 ARTS-IP
Adaptive Real-Time Strategies for Image Processing A
Case for Satellite Data

CCIP-Chambre Commerce & Industrie Paris. Dornier GmbH, ESIEE-Ecole
Sup. dlingenieurs Electr/Electrot, General Electric Company, Hunting
Technical Services Ltd., Politecnico di Milano. Polytechnic of Central
Londan, Selenia SpA, Thomson-CSF-Laboratoire Central de Recherche

874

Integrated Environment for Reliable Systems
Jeumont-Schneider Telecommunications, Mari Advanced
Microelectronics Ltd., Telettra SpA, Universita di Bologna

898

External Interface for Processing of 3-D Holographic
and X-Ray Image for Analysis and Control

BIAS, General Electric Company Plc, IRAM, Scanray A/S, Universitat
Dortmund

940 DMA
Depth and Motion Analysis

CGS-ITMI, ELSAG SpA - Elettronica San Giorgio, General Electric
Company, INPG-IMAG, INRIA, Matra Datavision, Noesis, Universita di
Genova, University of Cambridge

957
High Density Mass Storage Memories for Knowledge
and Information Storage

Basf AG, Bogen Electronic GmbH. Bull SA. CEA-Leti, Glaverbe! SA,
Simulog, Thomson-CSF-Laboratoire Central de Recherche

967
Parallel Associative Development Machine as a Vebhicle
for Artificial Intelligence

CIMSA Sintra, CSELT-Centro Studi e Laboratori Telecomunicaz, General
Eloctric Company Plc, Non-Standard Logics, Thomson-CSF

973 ALPES
Advanced Logical Programming Environments Support

Bull SA, CRIL, Enidata SpA. Technische Universitdt Minchen,
Universidade Nova de Lisboa, Universite de Paris Sud

1005 MUST
Next Generation Data Base Management System
ABSY, Syseca Logiciel, Universitat Kaiserslautern

1015 PALABRE
Integration of Artificial Intelligence, Vocal /O and Natu-
ral Language Dialogue - Application to Directory

British Telecom Plc, CNET-Centre National d'Etudes des Telecommuni,

CNRS-Centre National de Recherche Scientifiqu, ERL!, Politecnico di
Torino, Sarin SpA, SESA

1035

2-D Coherent Optical Dynamic Processor
General Electric Company Plc, Thomson-CSF, Thomson-CSF-Laboratoire
Central de Recherche, Vrije Universiteit Brussel

1063 INSTIL
Integration of Symbolic and Numeric Learning Tech-
nigues

Cognitech. GEC Research Laborateries, Universite de Paris Sud

1074

Shipboard Installation of Knowledge Based Systems
Conceptual Design

Danish Maritime Institute, East Asiatic Company Ltd., Krupp Atlas
Elektronik GmbH, Lloyd's Register of Shipping, National Technical
University Athens, Soft International BV, Soren T. Lyngsoe A/S

1085 SUPERNODE
Development and Application of a Low-Cost High Per-
formance Multi-Processor Machine

APSIS. Inmos Ltd.. RSRE-Royal Signals and Radar Establishment, Telmat
SA. Thorn EM! Lid.. Universite de Grenoble, University of Southampton

1098 KADS
A Methodology for the Development of Knowledge
Based Systems

CAP Sesa Innovation, Polytechnic of the South Bank, Scicon Ltd., SCS

Scierdific  Control  Systems, STC  Technology Ltd., Universiteit van
Amsterdam

1108
Further Development of Prolog and its Validation by
KBS in Technical Areas

Daimler-Benz AG, GlA-Universite d'Aix-Marseille 1, GIT Gesellschaft fir
Ingenieurtechniken. Prologia, Robert Bosch GmbH

1117 KIwI
Knowledge Based User Friendly System for the Utilisa-
tion of Information Bases

Consarzio per le Ricerche e le Applicazioni d, Dansk Datamatik Center,

Enidata SpA. INRIA. Philips Gloeilampenfabrieken NV, Universita di Roma
La Sapienza. Universitaire instelling Antwerpen

7133 ISIDE
Advanced Model for Integration of DB and KB Manage-

ment Systems
Agusta SpA, Ars SpA, CRIL, INRIA, Sagem, Simulog

1532
A Preliminary Study of a Vector Processing-Oriented

Parallel Architecture
Bull SA. Siemens AG

1542

Intelligent Documents Production Demonstrator
Arg-Applied Research Group SpA, Inesc-nstituto de Engenharia de
Sistemas E C. Mnemonica Computer Services

1558 EQUUS
Efficient Qualitative and Quantitative use of Knowledge-
Based Systems in Financial Management

Citymax Integr. Inf. Systems Ltd., Dataid, Riada & Co., University College
of London




1560 SKIDS
Signal and Knowledge Integration with Decisional Con-
trol for Multi-Sensory Systems

British Aerospace Plc, C.F.R, CNRS-Laas-Laboratoire
Automatique/Analyse des, Krupp Atlas Elektronik GmbH, Maps
Informatica Industrial, Matsra Datavision, Mediprint, Universitat Politecnica
de Catalunya, University of Oxford, University of Patras

1570
Application of Experts Systems to Industrial Chemical
Analysis

Katholieke Universiteit Nijmegen, Organon International BV, Pye Unicam
Ltd., Vrije Universiteit Brussel

1588 SPAN
Parallel Computer Systems for Integrated Numeric and
Symboalic Processing

Cimsa Sintra, Computer Technology Institute. Inesc-instituto  fe
Engenharia fe Sistemas E C, PCS Peripheral Computer Systems, Thorn
EMI Ltd., University College of London

1592

Therapy Adviser for Oncology
CITSA, Medimatica Ltd., Sanofi, University of Leeds

1613 s
Evaluation of an Intelligent Tutoring System Shell for In-

dustrial/Office Training
Datamat SpA, Education Technology Institut., ITT Industries Ltd

OFFICE SYSTEMS

28 MULTOS
A Multimedia Filing System

Battelle Institut, CNR-IEI, Cretan Computer Institute, ERIA, Ing. C. Olivetti
& C. SpA, Mnemonica Computer Services, Philips Datasystems, TA
Triumph-Adler Ag

43

Standardisation of Integrated Lan Services and Service
Access Protocols

British Telecom Ple, Bull SA, CSELT-Centro Studi e Labcratori
Telecomunicaz, GEC Marconi Research Centre, Nixdorf Computer AG,
OCE-Nederland BV, Philips International BV, Plessey Office Systems Ltd.,
Reseaux Communication Entreprise, SESA-Societe Etudes Systemes
Automations, TITN, University of Twente

56 FAOR
Functional Analysis of Office Requirements

East Asiatic Company Ltd., GMD-Gesellschaft fur Mathematik und
Dalenvetr, STC Technology Lid., Universilat Koeln
59 MINSTREL

New Information Models for Office Filing and Retrieval
Dansk Datamatik Center, GN Data, National Scftware Centre Ltd,,
University College Dublin

64 SPIN

Speech Interface at Office Workstation

AEG AG, CEA-Commissariat a I'Energie Atomique, CGE-Laboratoires de
Marcoussis, CSELT-Centro Studi e Laboratori Telecomunicaz, Nationat
Technical University Athens, Nixdorf Computer AG, Oros, Sesa, SNS
Pisa, Universiteit van Amsterdam

73

Broad Site Local Wideband Communication System
ACEC SA, ACT, Bell Telephone Mifg Co., CISI-Informatique Internationale,
D.G. Sg2 Genie Informatique, FCR/SI - ING RN, National Technical
University Athens, Stollmann & Co. GmbH. Universite de Liege

82 WS
Intelligent Workstation
Bull SA, Cretan Computer Institute, INRIA, Katholieke Universiteit

Nijmegen, OCE-Nederiand BV, Vrije Universiteit Brussel

121 HERODE
Handling of Mixed Text/Image/Voice Documents Based

on a Standardised Office Document Architecture
CRIN/ADILOR, Siemens AG, TITN

169

Local Integrated Optical Network
British Telecom Plc, CSELT-Centro Studi e Laboratori Telecomunicaz,
NKT-Nordiske Kabel Og Traadvaerker A/S, Politecnico di Milano, TITN,
Universite de Paris, Universite de Toulouse-Paul Sabatier, University of
Patras

LION

231 DOEOIS
Design and Operational Evaluation of Office Information
Servers

Bull Sa, ICL-International Computers Ltd., Trinity College Dublin,

Universitat Stuttgart

234

Cognitive Simulator for User Interface Design

Alcatel ESC, General Electric Company Plc, Logos Progetti Srl, Medical
Research Council

237

Communications Systems Architecture
Mari Advanced Microelectronics Litd., Philips Kommunikations Ind. AG,
Plessey Company Plc, SYD-Synergie Informatique & Developpement

CSA

249
Ultra Wideband Optical Coherent Lan

GEC Marconi Research Centre, Industrie Face Standard Spa, Palitecnico
di Milano

ucoL

285

Office Support Systems Analysis and Design
Centre d'Etudes du Management, Institut fir Organisationstorschung &
Techno, IPACRI- Istituto per I'Automazione delle Cass, Universita di
Milano

OSSAD

291

Linguistic Analysis of the European Languages

Acorn Computers Ltd., Ing. C. Olivetti & C. SpA, Katholieke Universiteit
Nijmegen, LIMSI-CNRS, Ruhr Universitdt Bochum, Tecnopolis Csata
Novus Ortus, UNED, University of Patras

295

The Paper Interface

AEG Olympia AG, Ing. C. Olivetti & C. SpA, Philips Gloeilampenfabricken
NV, Philips Kommunikations Ind. AG, Plessey Office Systems Ltd., Trent
Polytechnic

367 SOMIW
Secure, Open, Multimedia, Integrated Workstation
AEG Olympia AG, Bull SA, CSELT-Centro Studi e Laboraton

Telecomunicaz, INESC-Instituto de Engenharia de Sistemas E C. INRIA,
Iselgui SpA, ltaltel Telematica Spa, Prodata. S.C.K. - C.E.N., Sarin SpA.
Scbemap SA

85




385

Human Factors Laboratories In
logies

Bull SA. Fraunhofer IAQ, Husat Research Centre, ICL-International
Computers Ltd.. Ing. C. Qlivetti & C. Spa, Philips Gloeilampentabrieken
NV, Siemens AG, The Piraeus Graduate School. Universidade do Minho,
University College Cork, Wilhelms Universitat Westfalen

HUFIT
Information Techno-

395 INCA
An Integrated Network Architecture for Office Communi-
cations

General Electric Company Plc, Ing. C. Olivetti & C. SpA, Modcomp,
Nixdorf Computer AG, Systems Wizards Srl, University College of London

449
Investigation into the Effective Use of Speech at the
Human-Machine Interface

British Maritime Technology, Fincantieri, ICL-International Computers Ltd..
Voice Systems International

563
A High Compression Picture Coding Algorithm for
Photographic Videotex .
British  Telecom Plc, CLETT, CSELT-Centroc Studi e Laboratori

Telecomunicaz, Independent Broadcasting Auth., KTAS, Nixdorf
Computer AG, PTT Nederiand NV

6§12
Modeling and Simulation of the Visual Characteristics of
Modern Display Technologies under Office Work Condi-
tions

Barco Industries NV, Cimsa Sintra, General Electric Company Plc,
MYFRA SA, OCE-Nederland BV, Universite de Paris, University of Twente

813

Tools for Designing Office Systems
CNR-IEl, Dornier GmbH, ltaltel Telematica SpA, OCE-Nederland BV,
Politecnico di Milano, Sema Metra, Systems and Management SpA,
Thomson Informatique Services, Universitat Koeln, Universite de Paris 1
Sorbonne

TODOS

831 ASTRA
Advanced and integreted Office Systems Prototypes for
European Public Administrations

Arcos Conseil, Bull SA, CCRIAI-Consorzio Campano di Ricerca per I'Inf,
CESIA, Datenzentrale Schleswigholstein, GS! lecsi Software, /S

Datacentralen Af 1959, Ing. C. Olivetti & C. SpA, MC2, Sogei - Societa
Generale d'Informatica

834 COMANDOS
Construction and Management of Distributed Office
Systems

ARG-Applied Research Group SpA, Bull SA, CNR-IEI, Fraunhofer IM,
ICL-International Computers Ltd., Imag-LGl-Laboratoire Genie
Informatique, Inesc-Instituto De Engenharia de Sistemas E C, Ing. C.
Olivetti & C. SpA, Nixdorf Computer AG, Trinity College Dublin,
Universitat Stuttgart

853
Acquisition, Compression & Reproduction of True-Col-
our Image Documents

Ing. C. Qlivetti & C. SpA, Intersys Graphic, Katholieke Universiteit Leuven

855

European Typewriters and Other Workstation Integration
Ing. C. Olivetti & C. SpA. Olympia AG, Politecnico di Torino, TA
Triumph-Adler AG

870 TALON
Testing and Analysis of Local Area Optical Networks
~assor Electronics Ltd., NKT-Nordiske Kabel Og Traadvaerker A/S

272
rtended Office Process Migration with
Pzrel Displays

A oot Moduler A/S, Riso  National

e Lressitat Manchen

PROMINAND
Interactive

Laboratory, Scaitech A/S,

(.
N

890 PANGLOSS
Parallel Architecture for Networking Gateways Linking
OSI Systems

7-Technologies APS, CAP Scientific Ltd., PCS Peripheral Computer
Systems, Universite de Liege, University of Reading, University of Twente

901
An Intelligent General Public Data, Voice and Picture
Storage Retrieval System

BBC Interactive Television Unit, Bureau Marcel van Dijk NV,
CROM/ADILOR, Logica UK Lid., Philips Gloeilampentabrieken NV, SEP

925
Coding for Moving Picture & Still Picture at 256 Kbits/S
and 64 Kbits/S

CIT-Alcatel, General Electric Company Plc, SAT-Societe Anonyme
Telecommunications, ~ STA  Elettronica  Automazione, TE.KA.DE.,
Telefonica CTNE

954 IKAROS
Intelligence and Knowledge Aided Recognition of
Speech

CGE-Laboratoires de Marcoussis, Fraunhofer 1AQ, General Electric
Company Plc, Universitat Stuttgant

956 COCOS

Components for Future Computing Systems
Bult SA, ICL-International Computers Ltd., Ing. C. Qlivetti & C. SpA, INRIA,
Nixdorf Computer AG, SGS-Microelectronics SpA

998 MARS
Highly Secure Office Information Systems-Definition
Phase

BBN Communication A/S, Berin & Cie, COPS {Europe) Ltd., Protexarms,
Universitat Koeln, University of East Anglia

1024

Piloting of the Office Document Architecture
Bull SA. ICL-International Computers Ltd., Ing. C. Olivetti & C. SpA,
Nixdorf Computer AG, OCE-Nederland BV, Queen Mary College, Service
Etudes Communications Postes Tel, Siemens AG, Software Sistemi SpA,
TITN. University College of London

PODA

1030 IT-UPTAKE
Human and Economic Factors in IT Uptake Processes

Empirica. Memory Cumputer Ple, STC Technology Ltd., Work Research
Centre Lid

1032

An Office Systems Research Workstation for Europe
Ing. C. Olivetti & C. SpA, Queen Mary College, Siemens AG, University of
Sussex. Vrije Universiteit Amsterdam, Whitechapel Computer Works Ltd.

ERW

1051
Amorphous  Silicon Contact
Graphic Applications

Agfa Gevaert, CNRS, Imec VZW, MBB Messerschmitt Bolkow Biohm
Gmbh

Imager for Office and

1057

Multipoint Interactive Audiovisual Communication

British Telecom Plc, CNET-Centre National d'Etudes des Telecommuni,
CSELT-Centro Studi e Laboratori Telecomunicaz, industrie Face Standard
SpA, PTT Nederland NV, STC Technology Ltd., Telefonica CTNE,
TRT-Telecommunications Radicelec. & Teleph.

MIAC

1059
Dynamically Adaptable Multi-Service Switch

DAMS

Jeumont-Schneider Telecommunications, Plessey Company Plc, TN
Telenorma
1533 MIS

Multilingual Information System
Bull SA, ICL-International Computers Lid., Ing. C. Olivetti & C. SpA,
Nixdorf Computer AG
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1541

Multi-Lingual Speech Input-Output Assessment, Metho-
dology & Standardisation

CNET-Centre National d'Etudes des Telecommuni, CSELT-Centro Studi e
Laboratori Telecomunicaz, JYSK Telefon (JTAS), Universiteit van
Amsterdam, University College London, University College of London

1573 IBASS
Intelligent Business Application Support System

Buill SA, Datamont SpA, Langton Ltd.. Nixdorf Computer AG. Polytechnic
of the South Bank

COMPUTER-INTEGRATED MANUFACTURING

9
Exploitation of Real-Time Imaging for Arc Welding
Babcock Power, Messer Griesheim, RWTH Aachen

Rheinisch-Westfaelische Technisc, Welding Institute of Cambridge

a4
Design Rules for Computer Integrated Manufacturing

Systems
ISTEL

75
Design Rules for the integration of Industrial Robots into
CIM Systems

Fraunhofer 1PK, Renault Automation, Universitat Karlsruhe, University
College Galway

92
A Computer Integrated Production Insula;Design Rules

and Standards
Logica Uk Ltd

118
General Purpose Sensory Controlled Systems for Parts
Production

Comau SpA, Fraunhofer-Geselischaft Ipa, OCN-PPL SpA, Siemens AG,
Sincon SpA

179

Integrated Electronic Subsystems for Plant Automation
AEG AG, GEC Marconi Research Centre

197

Computer Aided Thermal Image Technique for Real
Time Inspection of Composite Material

Barr & Stroud Ltd., CNR-IROE, University of Strathclyde

278

Integrated Sensor-Based Robot System
Fraunhofer-Gesellschaft  Ipa, Joyce-Loebl Ltd., MARI  Advanced
Microelectronics Ltd., Nationa! Technical University Athens, Robert Bosch
GmbH, Universidade Nova de Lisboa, University of Newcastle

293

Knowledge & Decision Support for Material Handling
Systems

CGE-Laboratoires de Marcoussis, CGP-Compagnie Generale de

Productique, Fraunhofer IPK, IBM Deutschland GmbH, Instituto Superior
Tecnico

319
Data Transfer between CIM Systems & Management in-
formation Systems

Computer Systems Development, Mentec international ttd., Trinity
College Dublin

322 CAD-!
Cad Interfaces

BMW Bayerische Motorenwerke AG, Cisigraph, Cranfield Institute of
Technology, Danmarks Tekniske Hojskole, Erdisa, GGS Gesellschalt fur
Strukturanalyse, Katholieke Universiteit Leuven, Kernforschungszentrum
Karlsruhe, Leuven Measurement & Systems, NEH Engineering,
Rutherford Appleton Laboratory, Universitat Karisruhe

338

Product Design for Automated Manufacture & Assembly
CIMAF, COMAU SpA, Cranfield Institute of Technology, Dunaiturria y
Estanconia, Renault Automation

384

Integrated Information Processing for Design Planning
and Control of Assembly

AEG AG, Fraunhofer IPK, GEC Research Laboratories,
induyco/Investronica, Telemecanique, TNO Netherlands Organisation for
Applied Scie.

409
Development of an Integrated Process and Operations

Planning System with the Use of Interactive 3-D Modelli
Exapt-Verein zur Foerderung des Exapt-Systems, Matra SA, Volkswagen
AG

418
Open CAM System Allowing Modular Integration into
Factory Management of a Workshop Structure in Func-

tional

CIG-Centre d'Informatique Generale, Fabrique Nationale Herstal SA, Ing.
C. Olivetti & C. SpA, Logica Uk Ltd., Matra Datavision, Procos A/S, RTM,
RWTH Aachen (Rheinisch-Westfaelische Technisc, Universite de

Bordeaux 1
477 COSIMA
Control Systems for Integrated Manufacturing: The CAM
Solution

Comau SpA, Digital Equipment GmbH, Renault Automation

496
Design and Specification of Configurable Graphics Sub-

system for CIM
Generics Software Ltd., GTS GmbH, Trinity College Dublin

504 PAQO
Plant Availability and Quality Optimisation

ADERSA, AMTRI-Advanced Manufacturing Technology [nst., Battelle
Institut., Danobat S. Coop, GRS Gesellschalt fir Reaktorsicherheit,
Ikerlan, Stewart Hughes Ltd., Technische Hochschule Darmstadt

534
Development of a Flexible Automated Assembly Cell
and Associated Human Factors Study

Dantec Elektronik, Medical Research Council, RISO National Laboratory,
Vrije Universiteit Brussel, Westland Plc
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595

The Application of CIM to Welded Fabrication

Aalborg Shipyard Ltd., Danish Welding Institute, ltalsiel SpA, Odense
Steel Shipyard, Universita di Genova, Welding Institute of Cambridge

623
Operational Control for Robot System Integration into

CIM

Fiar SpA, Fraunhofer IPpk, Kuka Schweissanlagen + Roboter GmbH,
Ladseb-CNRP. Politecnico di Milano, PSI Gmbh, Renault Automation,
Seram, Universidad Politecnica de Madrid, Universidade Nova de Lisboa,

Universitat  Karlsruhe, Universite de Valenciennes, Universiteit van
Amsterdam, University College Galway
688 AMICE

AMICE, An European Computer Integrated Manufactur-

ing Architecture

AEG AG, AT & T en Philips Telecommunicatie Bedrijven BV, British
Aerospace Plc, Bull SA, CAP Sesa Innovation, CiT-Alcatel, CR! A/S,
Digital Equipment GmbH, Dornier GmbH, Fiat SpA, GEC Electrical
Projects, Hewlett-Packard-France, IBM Deutschland GmbH,
ICL-International Computers Ltd., Network Sys., Italsie! SpA, Philips &
Mble Associated, Procos A/S, RWTH Aachen (Rheinisch-Westfaelische
Technisc, Seiat SpA, Selenia SpA, Siemens AG, SNIAS-Saciete Nationale
Industrielle Aerospat, Volkswagen AG

809
Advanced Control Real-Time CIM Systems and Con-
cepts for Flexible Automation

ICL-International Computers Ltd., Krupp Atlas Datensysteme GmbH, TDS
Dextralog Ltd., Technische Universiteit Delft, Universiteit van Twente

812

Experimental Centre for System Integration in CIM
Aeritalia GVC, ELSAG SpA - Elettronica San Giorgio, Philips & Mble
Associated, Politecnico di Milano, RWTH Aachen-Rheinisch-Westfaelische
Technisc, Sesa-Societe Etudes Systemes Automation

850
Predesign of FMS for Small Batch Production of Elec-

tronic Cards
CSEA, ERIA, Eurosoft Systems SA

909
Development of Tools for Economic Evaluation of CIM
in Smaller Manufacturing Companies

AMTRI-Advanced Manutfacturing  Technology Inst., BIBA, CIMAF,
Danmarks Tekniske Hojskole, Mentec International Ltd., WTCM/CRIF

932

Knowledge Based Real Time Supervision in CIM

AEG AG, ARS SpA, BICC Technologies Ltd.,, CEA-Commissariat a
I'Energie Atomique, Fiar SpA, Fraunhofer Ipa, FZI Karlsruhe, Industrie
Pirelli Spa, Philips GmbH, Philips Komunikations Ind. AG, Palitecnico di
Milano, SGN Graphael, SIS AV, TITN, Universite de Savoie

955 CNMA
Communication Network for Manufacturing Applications
Aeritalia, BMW Bayerische Motorenwerke AG, British Aerospace
Dynamics, Bull SA, CGE-T!TN, Elf Aquitaine, Fraunhofer Gesellschait,
General Electric Company, [CL-International Computers Ltd., Nixdorf
Computer AG, Olivetti G4S - Ricerca, PSA, Siemens AG

975 TRACIT
Transponders for Real-Time Activity Control of Manufac-

turing Links to CIM Information Technology Systems
Polydata Ltd., Redar NAH-Ortungstechnik GmbH, TM Technics Dieren BV

1062 ACCORD
Computer-Aided Engineering Software for Advanced
Workstations in the CIM Environment

Athens School of Economics, Bertin & Cie, GEC Research Laboratories,
Nederlandse Philips Bedrijven BV, Philips Gloeilampenfabricken NV,
Societe Genrale de Techniques et d'Etudes, Trinity College Dublin,
Universita di Genova, Vector Fields Ltd

1136
Distributed Automated System
Quality Control

CEA-LETI, Microtecnica SpA, Sagem, Universitat Hannaver, Visitec

DASIQ

for Inspection and

1199

Human Centred CIM System

BICC Technologies Ltd., Danmarks Tekniske Hojskole, Greater London
Enterprise, Krupp Atlas Elektronik GmbH, NEH Engineering, R & D
Advisory Services, Rolls Royce Pic, Teknelogisk Inst., Universitat Bremen,
University of Manchester

1556 VITAMIN
Visualisation Standard Tools in Manufacturing Industry
Fraunhofer ~ Gesellschaft, IMAG-LGl-Laboratoire Genie Informatique,
Mannesmann Kienzle GmbH, Palitecnico di Milano, Syseca Logiciel,
Team Sri, Universite de Valenciennes

1561 SACODY
A High Performance Flexible Manufacturing System
Robot with Dynamic Compensation

AEG AG, Berin & Cie, Katholieke Universiteit Leuven, Kuka
Schweissanlagen + Roboter GmbH, Leuven Measurement & Systems,
University College Dublin

1572
Basic Technologies for High Performance Solid State

Image Sensors
Thomson-CSF-DCI, Valve Bauelemente Philips

1652
Methods for Advanced Group Technology Integrated
with CAD/CAM

CETIM, LVD Company NV, Michel van de Wiele NV, Microin S.AL.,
WTCM/CRIF

1653

Intelligent Process Control by Means of Expert Systems
Centre  d'Estudis Avancats de Blanes, CNRS-LAAS-Laboratoire
Automatique/Analyse des, Dornier GmbH, Eitec Elecktronik Gmbh,
Miniwatt SA, Nederlandse Philips Bedrijven BV, RTC Compelec,
Universitat Politecnica de Catalunya
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INFORMATION EXCHANGE SYSTEMS

33 ROSE

Research Open Systems for Europe
Bull SA, General Electric Company, ICL-International Computers Ltd., Ing.
C. Olivetti & C. SpA, Siemens AG

630
The Unix-United Aspects of the |IES

D.G. Sg2 Genie Informatique, Mari Advanced Microelectronics Ltd.

700 ELAN
ESPRIT/European Local Area Network

Bull Sa, ICL Belgium, Olivetti SA, Siemens Data SA

706 EUROKOM

Computer Conferencing and Electronic Mail for ESPRIT
University Caliege Dublin

710

IES Support Services
ECAT, IEGI, Infoarbed Sarl

717 HERMES
Message Handling Survey and Trends for the IES user
Community
Fisher & Larenz
718 CARLOS

Communications Architecture for Layered Open Sys-

tems
Case Group Plc, ESTSET-M, ETS Ingenieros Telecomunication-UPM,
Fisher & Lorenz, RC Computer, Sysware

719

The Obviously Required Name-Server
Bull SA, CERN, DFN, General Electric Company, ICL-International
Computers Ltd., Ing. C. Olivetti & C. SpA, INRIA, Siemens AG, Systems
Wizards Srl, University College of London

THORN
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UNIVERSITAT DES SAARLANDES
UNIVERSITAT DORTMUND
UNIVERSITAT FRANKFURT
UNIVERSITAT HANNOVER
UNIVERSITAT KAISERSLAUTERN
UNIVERSITAT KARLSRUHE
UNIVERSITAT KASSEL
UNIVERSITAT KOLN
UNIVERSITAT PASSAU

UNIVERSITAT STUTTGART
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DK

UK

GR
UK
UK
NL

IRL

UK

Q

o

UNIVERSITAIRE INST.
ANTWERPEN

UNIVERSITE C.BERNARD DE
LYON

UNIVERSITE CATH. DE LOUVAIN
UNIVERSITE DE BORDEAUX
UNIVERSITE DE CLERMONT I
UNIVERSITE DE LIEGE
UNIVERSITE DE NAMUR
UNIVERSITE DE NANCY-CRIN
UNIVERSITE DE PARIS 1
UNIVERSITE DE PARIS SUD/LRI
UNIVERSITE DE PARIS VI
UNIVERSITE DE SAVOIE

UNIVERSITE DE
STRASBOURG-LSIT

UNIVERSITE DE VALENCIENNES

UNIVERSITE LIBRE DE
BRUXELLES

UNIVERSITE PAUL SABATIER

UNIVERSITEIT VAN
AMSTERDAM

UNIVERSITEIT VAN TWENTE
UNIVERSITEIT VAN UTRECHT
UNIVERSITY COLLEGE CORK
UNIVERSITY COLLEGE DUBLIN

UNIVERSITY COLLEGE
GALWAY

UNIVERSITY COLLEGE
LONDON

UNIVERSITY COLLEGE
SWANSEA

UNIVERSITY OF AARHUS
UNIVERSITY OF BATH
UNIVERSITY OF CAMBRIDGE
UNIVERSITY OF EAST ANGLIA

UNIVERSITY OF
EDINBURGH-EDC

UNIVERSITY OF
EDINBURGH-EPI

NL
NL
NL
IRL

IRL

IRL

UK

UK
DK
UK
UK

UK

UK

UK




UNIVERSITY OF ESSEX
UNIVERSITY OF LANCASTER
UNIVERSITY OF LEEDS
UNIVERSITY OF LEICESTER
UNIVERSITY OF LIVERPOOL
UNIVERSITY OF LONDON
UNIVERSITY OF MANCHESTER
UNIVERSITY OF NEWCASTLE

UNIVERSITY OF OXFORD

UK
UK
UK
UK
UK

UK

UK

UK

UNIVERSITY OF PATRAS
UNIVERSITY OF READING

UNIVERSITY OF
SOUTHAMPTON

UNIVERSITY OF ST.ANDREWS
UNIVERSITY OF STIRLING
UNIVERSITY OF STRATHCLYDE
UNIVERSITY OF SUSSEX
UNIVERSITY OF THESSALONIKI

UNIVERSITY OF WALES

GR

UK

UK
UK
UK
UK
UK
GR

UK

UNIVERSITAT BREMEN

VRIJE UNIVERSITEIT
AMSTERDAM

VRIJE UNIVERSITEIT BRUSSEL

WILHELMS UNIVERSITAT
WESTFAHL.

WORK RESEARCH CENTRE
LTD.

WTCM/CRIF

NL

B

IRL










COGNITECH
COMAU SPA

COMCONSULT
COMMUNICATION
TECHNOLOGIES

COMPUTAS EXPERT SYSTEMS
A/S

COMPUTER LOGIC R & D SA

COMPUTER TECHNOLOGIES
CO

COMPUTER TECHNOLOGIES
COMPANY LTD

CONSORZIO PER LE RICERCHE
E LE APPLICAZIONI DI
INFORMATICA

CORETECH INTERNATIONAL
CRI A/S

DANISH PARSIM CONSORTIUM
DANNET A/S

DATA MANAGEMENT SPA

DATAMAT INGEGNERIA DEI
SISTEMI SPA

DATAMONT SPA

DECISION INTERNATIONAL
DELPHI!

DELTACAM SYSTEMS LTD
DESARROLLO DE SOFTWARE

DEUTSCHE THOMSON-BRANDT
GMBH

DIDA*EL SRL

DIGITAL EQUIPMENT
CORPORATION GALWAY

DORNIER GMBH
DOSIS GMBH
DRAEGERWERK AG
DT21

DU PONT DE NEMOURS
LUXEMBOURG SA

E. MERCK

E2S - EXPERT SOFTWARE
SYSTEMS NV

GR

GR

GR

DK

DK

EASAMS LTD

EIGNER

EIKON SPA

ELECTRONIC TRAFFIC SA
ELEKTROSON BV

ELSA SOFTWARE

ELSAG SPA - ELETTRONICA SAN
GIORGIO

ELTEC ELECKTRONIK GMBH

EMPRESA DE INVESTIGACAO E
DESENVOLVIMENTO DE
ELECTRONICA

ENIDATA SPA

ENSEEIHT

ENTEL SA

EPSILON GMBH

EPSILON SOFTWARE LTD
ERIA

EROVI ENGINYERIA DE
ROBOTICA | VISIO SA

ESACONTROL SPA
ESF

ETNOTEAM SPA
EURODISPLAY

EUROPEAN CENTRE FOR
ARTIFICIAL INTELLIGENCE

EUROPEAN SILICON
STRUCTURES SA

EUROSIL ELECTRONIC GMBH

EXAPT-VEREIN ZUR
FOERDERUNG DES
EXAPT-SYSTEMS

FARRAN TECHNOLOGY LTD
FEGS LTD

FERRANT! COMPUTER SYSTEMS
LTD

FERRANTI ELECTRONICS LTD

FIAR-FABBRICA ITALIANA
APPARECCHIATURE
RADIOLETTRICHE SPA

UK

IRL

UK

UK

UK

FICHTEL & SACHS
FRAMATOME
FRAMENTEC
FUTUREMEDIA LTD

G4S (GENERALE SVILUPPO
SERVIZI E SISTEMI SOFTWARE)

GEC ELECTRICAL PROJECTS
GEC MARCONI LTD

GEC MARCONI RESEARCH
CENTRE

GEC PLESSEY
TELECOMMUNICATIONS LTD

GEC RESEARCH
LABORATORIES

GEC SOFTWARE LTD

GENERICS SOFTWARE
LIMITED

GESELLSCHAFT ZUR
ENTWICKLUNG VON
DV-METHODEN, ALGORITMEN
UND PROGRAMMEN MBH

GESI SRL

GFS GESELLSCHAFT FUER
STRUKTURANALYSE

GIE EMERAUDE
GIPSI S.A.

GRS GESELLSCHAFT FUER
REAKTORSICHERHEIT

GRUPO APD SA

GRUPO DE MECANICA DEL
VUELO SA

GSD GESELLSCHAFT F.
SIMULATIONSTECHNIK U.
DATENVERARBEITUNG

GS! TECSI SOFTWARE
GTS GMBH

HARLEQUIN LTD
HARTMANN & BRAUN AG

HCS INDUSTRIAL AUTOMATION
Bv

HEWLETT PACKARD

HEWLETT-PACKARD GMBH

UK

UK
UK

UK

UK

UK

UK

IRL

UK

NL
UK

D




HEWLETT-PACKARD-FRANCE F

HITEC LTD GR
HOECHST AG D
HOECHST CERAMTEC AG D

HONEYWELL BULL ITALIASPA |
HONEYWELL EUROPE SA B

I/S DATACENTRALEN AF 1959 DK

IBM DEUTSCHLAND GMBH D
IBP PIETZSCH GMBH D
iCl IMAGEDATA UK
ICt WAFER TECHNOLOGY UK
ICL-INTERNATIONAL

COMPUTERS LTD UK
IDATE F

IDS-INTELLIGENT DECISION
SYSTEMS SA E

IKO SOFTWARE SERVICE GMBH D

IMPERIAL CHEMICAL
INDUSTRIES PLC UK

INDUSTRIE FACE STANDARD SPA |

INFORMATION TECHNOLOGY

PLC UK
INFOSYS F
INFOTAP SA L

ING. C. OLIVETTI & C. SPA |

INGENIERIA DE SISTEMAS DE

INFORMACION E
INISEL E
INMOS LIMITED UK
INTECS INTERNATIONAL SA B

INTECS SISTEMI SPA |

INTELLIGENT SOFTWARE

SOLUTIONS SA E
INTELLISOFT SARL F
INTERMETALL,

HALBLEITERWERK DER
DEUTSCHE ITT INDUSTRIES
GMBH D

INTRASOFT SA GR

IPACRI- ISTITUTO PER
L'AUTOMAZIONE DELLE CASSE
DI RISPARMIO

IRISH MEDICAL SYSTEMS

ISYKON SOFTWARE GMBH

ITALCAD TECNOLOGIE E SISTEMI

SPA

JEUMONT-SCHNEIDER
TELECOMMUNICATIONS

JOYCE-LOEBL LTD

JYSK TELEFON (JTAS)
KADE-TECH

KMK KREUTZ & MAYR
KONTRON ELEKTRONIK GMBH

KRUPP ATLAS DATENSYSTEME
GMBH

KRUPP ATLAS ELEKTRONIK
GMBH

KRUPP FORSCHUNGSINSTITUT
KTAS

KUKA SCHWEISSANLAGEN +
ROBOTER GMBH

L-CUBE INFORMATION SYSTEMS

SA

LABEN INDUSTRIE PER LO
SPAZIO E LE
TELECOMUNICAZIONI

LABORATOIRE DE PHYSIQUE
APPLIQUEE

LASER-SCAN LABORATORIES
LTD

LEGRAND SA

LEUVEN MEASUREMENT &
SYSTEMS INTERNATIONAL

LEXIKON
LGMI

LOGIC PROGRAMMING
ASSOCIATES LTD

LOGICA SDS LTD
LOGICA UK LTD
LOMBARDIA INFORMATICA SPA

LUCAS AUTOMOTIVE LTD
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IRL

D

UK

DK

DK

GR

UK

UK
UK
UK
i

UK

LVD COMPANY NV B

MAATSCHAPPIJ VOOR
INFORMATICA DIENSTEN BV NL

MAGNEMAG A/S DK
MANDELL! SPA |

MANNESMANN
DATENVERARBEITUNG GMBH D

MANNESMANN DEMAG AG D

MANNESMANN HARTMANN &
BRAUN D

MANNESMANN KIENZLE GMBH D

MARCON!I COMMAND &
CONTROL SYSTEMS LTD UK

MARCONI| ELECTRONIC DEVICES
LTD UK

MARCONI INSTRUMENTS LTD UK

MARCONI SIMULATION LTD UK
MARCONI SPACE SYSTEMS

LTD UK
MARES SA E
MARI! ADVANCED
MICROELECTRONICS LTD UK
MATRA COMMUNICATION F
MATRA DATAVISION F
MATRA HARRIS

SEMICONDUCTEURS (MHS) F
MATRA S.A, F
MBB MESSERSCHMITT BOLKOW
BLOHM GMBH D
MBLE SA B
MBP SOFTWARE & SYSTEMS

GMBH D
MCTS-MICRO-CONNECTIQUE
TECHNOLOGIES F
MEIKO LTD UK
MEMORY COMPUTER IRL

MENTEC INTERNATIONAL LTD  IRL

METEK SA GR
MICRO-CONTROLE F
MICROLOGICA D




MIETEC NV

MOOG CONTROLS LTD

MR. RUDOLF HORNER
NADA CONSULTING GROUP

NCC-NATIONAL COMPUTING
CENTRE

NCODE INTERNATIONAL LTD

NEDERLANDSE PHILIPS
BEDRIJVEN BV

NEH ENGINEERING

NIXDORF COMPUTER AG
NIXDORF COMPUTER SPA
NKT ELEKTRONIK

NOKIA CORPORATION

NOKIA GRAETZ GMBH

NORSK DATA GMBH GERMANY
NORSKE DATA A.S.

NUMERICAL ALGORITHMS
GROUP LTD

O DATi ESPANOLA S.L.
OCE-NEDERLAND BV
OFFICE WORKSTATIONS LTD
OPTEC

OSAlI A-B SPA

OTTER ONLINE GMBH
PAFEC LTD

PANDATA BV

PHILIPS
GLOEILAMPENFABRIEKEN NV

PHILIPS GMBH
PHILIPS INTERNATIONAL BV

PHILIPS KOMMUNIKATIONS
INDUSTRIE AG

PHILIPS RESEARCH
LABORATORIES

PHILIPS SA
PHILIPS SCIENTIFIC

PHILIPS-LEP

UK

UK

UK

UK

NL

DK

DK

SF

UK

NL

UK

UK

NL

NL

NL

UK

UK

PICOGIGA

PLANET SA

PLESSEY COMPANY PLC
POLYDATA LTD

PRAXIS SYSTEMS PLC
PRISMA INFORMATICA SRL
PROCAD GMBH
PROCOS A/S

PROSS SA

PSI GMBH

PTT NEDERLAND NV

PUTZMEISTER-WERKE,
MASCHINENFABRIK GMBH

RACAL RESEARCH LTD
RC COMPUTER

RD PROJECTS LTD
REALACE LTD

ROBERT BOSCH GMBH
RTE GMBH

RYTRAK LTD

SAGEM

SAIT ELECTRONICS SA
SARIN SPA

SCAITECH A/S
SCANTEST SYSTEM A/S
SELECO SPA

SEMA METRA
SEMA-GROUP/BELGIUM

SENERMAR - SENER, SISTEMAS
MARINOS SA

SEPA SPA

SES SOFTWARE ENGINEERING
SERVICES GMBH

SESA-SOCIETE ETUDES
SYSTEMES AUTOMATION

SESAM

SFGL-SOCIETE FRANCAISE DE
GENIE LOGICIEL

GR
UK
GR

UK

NL

UK
DK
UK

IRL

DK

DK

SGS-THOMSON
MICROELECTRONICS SA

SGS-THOMSON
MICROELECTRONICS SPA

SIEMENS AG
SIEMENS SA
SIG SERVICES LTD

SILICON & SOFTWARE
SYSTEMS

SIMULOG

SINCON SPA

SIPA SPA

SIPE OPTIMATION SPA
SIRTI SPA

SIS AV

SISMET-SISTEMAS E METODOS
ORGANIZACAOQ E INFORMATICA

SISTEMAS MODULARES
DISTRIBUIDOS SA

SISU
SITESA ADDAX

SMITHS INDUSTRIES
AEROSPACE & DEFENCE
SYSTEMS

SOCIEDAD ESPANOLA DE
LAMPARAS ELECTRICAS 'Z'

SOCIETE D'ETUDES &

REALISATIONS ELECTRONIQUES

SOFT INTERNATIONAL BV
SOFTWARE SCIENCES LTD
SOFTWARE SISTEM! SPA
SOGITEC

SOPHIATEC

SOREN T.LYNGSOE A/S
SPAG SERVICES SA
SPERONI SPA

STANDARD ELEKTRIK LORENZ
AG

STC PLC

STC TECHNOLOGY LTD

F

NL

1RL

UK

NL

UK

UK

UK




STERIA
STEWART HUGHES LTD

STM-SGS-THOMSON
MICROELECTRONICS SRL

STOLLMANN & CO GMBH
STRACO

STZ GESELLSCHAFT FUER

SOFTWARE-TECHNOLOGIE MBH

SUPRENUM GMBH

SWEDISH INSTITUTE OF
COMPUTER SCIENCE (SICS)

SYBASE LTD

SYNERGIA SPA

SYNTAX FACTORY AUTOMATION

SYSECA LOGICIEL

SYSTEM SOFTWARE FACTORS

LTD

SYSTEMS AND MANAGEMENT
SPA

SYSTEMS WIZARDS SRL
TA TRIUMPH-ADLER AG

TAO-TECNICS EN

AUTOMATIZACIO D'OFICINES SA

TAP AIR PORTUGAL

TECNO T&G

UK

UK

UK

TECNOMATIX EUROPE NV
TECOGRAF SOFTWARE SRL
TECSIEL SPA

TEICE CONTROL SA

TELE LOGIC AB

TELEFUNKEN ELECTRONIC
GMBH

TELEMECANIQUE
TELESYSTEMES
TELETTRA ESPANOLA SA
TELMAT INFORMATIQUE
TESEO SPA

TEXTWARE A/S
THOMSON CETIA

THOMSON CONSUMER
ELECTRONICS

THOMSON GRAND PUBLIC

THOMSON INFORMATIQUE
SERVICES

THOMSON SINTRA-ASM

THOMSON-CSF-CIMSA-SINTRA

THOMSON-CSF-DCI

THOMSON-CSF-DSE
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THOMSON-CSF-DTE-DIVISION
TUBES ELECTRONIQUES F

THOMSON-CSF-FINANCE F

THOMSON-CSF-LABORATOIRE
CENTRAL DE RECHERCHE F

THOMSON-CSF-LABORATOIRE
ELECTRONIQUE DE RENNES F

THORN EM! LTD UK
TITN F
TN TELENORMA D

TRION PRAEZISIONSELEKTRONIK
GMBH & CO KG D

TUEV (TECHNISCHER
UEBERWACHUNGS-VEREIN EV.}) D

TXT-TECH.SOFT E TELEMATICA |

ucl F
UNISOFT P
VALVO

UNTERNEHMENSBEREICH
BAUELEMENTE DER PHILIPS

GMBH D
VERILOG F
VOLMAC NL
ZELTRON |
ZENON LTD GR




ESPRIT II:

3T
ADERSA
ADR-CRISS

AKZO INTERNATIONAL
RESEARCH BV

ALCATEL AUSTRIA - ELIN
ALSTHOM

AMTRI-ADVANCED
MANUFACTURING TECHNOLOGY
INSTITUTE

ARMINES

ASOCIACION DE LA INDUSTRIA
NAVARRA

BAZIS
BIBA
BRIGHTON POLYTECHNIC

BRITISH MARITIME
TECHNOLOGY CORTEC LTD

BRUNEL UNIVERSITY

CCIP-CHAMBRE COMMERCE &
INDUSTRIE PARIS

CEA-COMMISSARIAT A
L'ENERGIE ATOMIQUE

CEA-LETI

CEA-UGRA

CEC-JRC !SPRA ESTABLISHMENT |

CENA

CENTER FOR INDUSTRIAL
RESEARCH

CENTRE D’ESTUDIS AVANCATS
DE BLANES

CENTRE REGIONAL
INNOV./TRANSF. DE
TECHNOLOGIES
ELECTR./OPTIQUE

UNIVERSITIES AND RESEARCH

ESTABLISHMENTS

F CENTRE SCIENTIFIQUE ET
TECHNIQUE DE LA
F CONSTRUCTION B

F CENTRO DI CULTURA
SCIENTIFICA - A. VOLTA I

NL  CENTRO NACIONAL DE
A MICROELECTRONICA -CNM E
CERN CH
F
CETIM-ETABLISSEMENT DE
SENLIS F
UK  CISE SPA f
F CITY UNIVERSITY UK
CNET F
E
CNET-GRENOBLE F
NL
CNR-CENTRO Di STUDIO PER LE
D RICERCHE DI FONETICA |
UK CNR-CONSIGLIO NAZIONALE
DELLE RICERCHE |
UK CNR-IEI !
UK  CNR-ISTITUTO LAMEL I
CNRS F
F
CNRS MULHOUSE F
F CNRS-CRIN F
F CNRS-LAAS-LABORATOIRE
AUTOMATIQUE/ANALYSE DES
F SYSTEME F
CNRS-LABORATOIRE
AUTOMATIQUE DOCUMENTAIRE
F  ET LUNGUISTIQUE F
COMMUNICATION AND
N MANAGEMENT SYSTEMS UNIT  GR
£ COMPUTER TECHNOLOGY
INSTITUTE GR
COSI-CONSORZIO PER L'OS! IN
ITALIA I
F COVENTRY POLYTECHNIC UK
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CPR-CONSORZIO PISA

RICERCHE I
CRANFIELD INSTITUTE OF
TECHNOLOGY UK
CRIF/WTCM B
CRIN/ADILOR F
CSELT-CENTRO STUD! E
LABORATORI
TELECOMUNICAZIONI |
CSIC-CONSEJO SUPERIOR DE
INVESTIGACIONES
SCIENTIFICAS E
CWI-CENTRUM VOOR WISKUNDE
& INFORMATICA NL
DANISH MARITIME INSTITUTE DK
DANMARKS TEKNISKE
HOJSKOLE DK
DELFT HYDRAULICS NL
DEMOCRITUS UNIVERSITY OF
THRACE GR
DIRECTION DES MUSEES DE
FRANCE F
DOERNER INSTITUTE /
BAYERISCHE
STAATS-GEMAELDESAMMLUNGEN

D

ECOLE CENTRALE DE LYON F

ECOLE DES MINES DE
SAINT-ETIENNE F

ECOLE NORMALE SUPERIEURE F

ECOLE POLYTECHNIQUE

FEDERALE, LAUSANNE CH
ELAB N
ELEKTRONIK CENTRALEN DK
EMPIRICA D
ENST-ECOLE NORM

SUPERIEURE DES
TELECOMMUNICATIONS F




ENTWICKLUNGSZENTRUM FUER
MIKROELEKTRONIK GMBH

EUROPEAN COMPUTER
INDUSTRY RESEARCH CENTRE
GMBH

FACULTES UNIVERSITAIRES
NOTRE-DAME DE LA PAIX

FERNUNIVERSITAET - GH -
HAGEN

FONDAZIONE UGO BORDONI

FORSCHUNGSZENTRUM
INFORMATIK

FORTH RESEARCH CENTER OF
CRETE

FOUNDATION FOR RESEARCH
AND TECHNOLOGY - HELLAS

FRAUNHOFER ARBEITSGRUPPE
FUER GRAPHISCHE
DATENVERARBEITUNG

FRAUNHOFER GESELLSCHAFT
FRAUNHOFER IM
FRAUNHOFER INSTITUT

FRAUNHOFER INSTITUT FUER
INFORMATIONS UND
DATENVERARBEITUNG

FRAUNHOFER INSTITUT FUER
MIKROELEKTRONISCHE
SCHALTUNGEN U. SYSTEME

FRAUNHOFER INSTITUT FUER
PRODUKTIONSANLAGEN UND
KONSTRUKTIONSTECHNIK

FRAUNHOFER IPA

GESELLSCHAFT FUER
MATHEMATIK UND
DATENVERARBEITUNG MBH

GLASGOW COLLEGE

GMD-GESELLSCHAFT FUER
MATHEMATIK UND
DATENVERARBEITUNG MBH

H.E.R.IE. - LER.L

HANDELSHOJSKOLEN |
KOBENHAVN (COPENHAGEN
BUSINESS SCHOOL)

HELSINK! UNIVERSITY OF
TECHNOLOGY

HERIOT-WATT UNIVERSITY

GR

GR

UK

DK

SF

UK

HUSAT RESEARCH CENTRE

IIRIAM-INSTITUT INTERNATIONAL
DE ROBOTIQUE ET
D'INTELLIGENCE ARTIFICIELLE

IKERLAN

IMAG-LGI-LABORATOIRE GENIE
INFORMATIQUE

IMEC VZW

INESC-INSTITUTO DE
ENGENHARIA DE SISTEMAS E
COMPUTADORES

INFRATEST INDUSTRIA

INPG-INSTITUT NATIONAL
POLYTECHNIQUE DE
GRENOBLE

INPL-INSTITUT NATIONAL
POLYTECHNIQUE LORRAINE

INRIA

INSTITUT DE RECHERCHE DE
CONSTRUCTION NAVALE

INSTITUT MEDITERRANEEN DE
TECHNOLOGIE

INSTITUTO SUPERIOR TECNICO
IRIAC
IRISA-RENNES

KATHOLIEKE UNIVERSITEIT
LEUVEN

KATHOLIEKE UNIVERSITEIT
NIJMEGEN

KERNFORSCHUNGSZENTRUM
KARLSRUHE

KING’S COLLEGE LONDON
LABEIN

LABORATORIO NACIONAL DE
ENGENHARIA E TECNOLOGIA
INDUSTRIAL (LNET!)

LADSEB-CNRP
LIMSI-CNRS

LOUGHBOROUGH UNIVERSITY
OF TECHNOLOGY

LUTCHI RESEARCH CENTRE
MANCHESTER POLYTECHNIC

MINISTERY OF DEFENSE UK

UK

NL

UK

UK

UK

UK

UK

NATIONAL GALLERY OF
LONDON

NATIONAL MICROELECTRONICS
RESEARCH CENTRE

NATIONAL NONDESTRUCTIVE
TESTING CENTRE

NATIONAL PHYSICAL
LABORATORY

NATIONAL RESEARCH CENTER

NATIONAL TECHNICAL
UNIVERSITY ATHENS

NATURAL ENVIRONMENT
RESEARCH COUNCIL

NIHE-NATIONAL INSTITUTE FOR
HIGHER EDUCATION

NIJENRODE UNIVERSITEIT VOOR

BEDRIJFSKUNDE
NORATOM AS

ONERA-OFFICE NATIONAL
ETUDES ET RECHERCHES
AEROSPATIALES

P. SCHERER INST.

PAISLEY COLLEGE OF
TECHNOLOGY

POLITECNICO DI MILANO
POLITECNICO DI TORINO
POLYTECNIC OF CRETE

PTT RESEARCH TELEMATICA
LABORATORIUM

QUEEN MARY COLLEGE

RESEARCH UNIT FOR
COMPUTATIONAL LINGUISTICS

RIOM
RISO NATIONAL LABORATORY
ROBOTIKER

RSRE-ROYAL SIGNALS AND
RADAR ESTABLISHMENT

RUHR UNIVERSITAET BOCHUM

RUTHERFORD APPLETON
LABORATORY

RWTH AACHEN
(RHEINISCH-WESTFAELISCHE
TECHNISCHE HOCHSCHULE)
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UK

IRL

UK

UK

GR

GR

UK

IRL

NL

CH

UK

GR

NL

UK

SF
NL

DK

UK

UK




SENTER FOR
INDUSTRIFORSKNING

SERAM

SERC

SINTEF

SOUTH BANK POLYTECHNIC

SWEDISH INSTITUTE FOR
SYSTEMS DEVELOPMENT

SWEDISH TELECOM

SWISS FEDERAL INSTITUTE OF
TECHNOLOGY

TECHNICAL RESEARCH CENTRE
OF FINLAND

TECHNISCHE HOCHSCHULE
DARMSTADT

TECHNISCHE UNIVERSITAET
BERLIN

TECHNISCHE UNIVERSITEIT
DELFT

TECHNISCHE UNIVERSITEIT
EINDHOVEN

TECNOPOLIS CSATA NOVUS
ORTUS

TEKNOLOGISK INSTITUT
TELEFONICA

TELEFONICA INVESTIGACION Y
DESARROLLO

TELEVERKET (THE SWEDISH
TELECOMMUNICATIONS
ADMINISTRATION)

THE COMMUNICATION AND
MANAGEMENT SYSTEMS UNIT

THE IMPERIAL COLLEGE OF
SCIENCE, TECHNOLOGY AND
MEDICINE

THE MICROELECTRONICS
APPLICATIONS RESEARCH
INSTITUTE

THE ROYAL INSTITUTE OF
TECHNOLOGY

THE TURING INSTITUTE

TNO NETHERLANDS INSTITUTE
OF PREVENTIVE HEALTH CARE

NL

UK

w

CH

SF

NL

NL

DK

GR

UK

UK

UK

NL

TNO NETHERLANDS
ORGANISATION FOR APPLIED
SCIENTIFIC RESEARCH

TRINITY COLLEGE DUBLIN

UKAEA ATOMIC ENERGY
AUTHORITY

UNITED KINGDOM ATOMIC
ENERGY AUTHORITY - UKAEA

UNIVERSIDAD DE MADRID-ETSI
UNIVERSIDAD DE SEVILLA
UNIVERSIDAD DEL PAIS VASCO

UNIVERSIDAD NACIONAL DE
EDUCACION A DISTANCIA

UNIVERSIDAD POLITECNICA DE
MADRID

UNIVERSIDADE CATOLICA
PORTUGESA

UNIVERSIDADE DE COIMBRA
UNIVERSIDADE DO PORTO

UNIVERSIDADE NOVA DE LISBOA
- INSTITUTO DE
DESENVOLVIMENTO DE NOVAS
TECNOLOGIAS

UNIVERSITA CATTOLICA DEL
SACRO CUORE

UNIVERSITA DEGLI STUDI Di
PAVIA

UNIVERSITA DELL'AQUILA
UNIVERSITA DELLA CALABRIA
UNIVERSITA DI BARI
UNIVERSITA DI BOLOGNA
UNIVERSITA DI FIRENZE
UNIVERSITA DI GENOVA
UNIVERSITA DI MILANO
UNIVERSITA D! PISA
UNIVERSITA DI TORINO
UNIVERSITAET BIELEFELD
UNIVERSITAET BREMEN

UNIVERSITAET DES
SAARLANDES

UNIVERSITAET DORTMUND

NL

IRL

UK

UK

UNIVERSITAET
ERLANGEN-NUERNBERG

UNIVERSITAET
GESAMTHOCHSCHULE SIEGEN

UNIVERSITAET HAMBURG
UNIVERSITAET HANNOVER
UNIVERSITAET HEIDELBERG

UNIVERSITAET
KAISERSLAUTERN

UNIVERSITAET KARLSRUHE
UNIVERSITAET PADERBORN
UNIVERSITAET STUTTGART
UNIVERSITAET TUEBINGEN

UNIVERSITAIRE INSTELLING
ANTWERPEN

UNIVERSITAT POLITECNICA DE
CATALUNYA

UNIVERSITE DE BORDEAUX 1
UNIVERSITE DE GENEVE

UNIVERSITE DE
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