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1. IKTRODUCTION
1.1 EBFRIT

The European Strategic Programme f£for
Besearch and Development in Informatiom
Technology was launched (1} as a 10 year
programme of precompetitive R & D in 1984
with three main objectives:

- to promote Europesm industrial coopera-
tien in IT;

« to provide European -IT industry with the
basic technologies it needs to meet the
competicive requirements of the
nineties;

- to contribute to the development of
internationally accepted standards.

For the first five-year phase of the
programme_ an overall effort of 1.5 bil-
lion ECUs~ was undertaken, 50% of which
was borme by the research budget of the
European Community, while the participants
provided the other half. The programme is
implemented by means of public calls for
proposals, each of which is based upon a
regularly updated workprogramme (2)
adopted by the Council. .

The areas of ressarch covered during
the first phase of ESFRIT were Microelec-
tronics, Software Technology, Advanced
Information Processing, Office Systems and
Computer Integrated Manufacturing. In
these areas, a total of some 230 projects
have been lasunched Invelving more than
420 different industrial, academic and
research organizations. Advanced Informa-
tion Frocessing has been the label for a
broad range of projects covering Arvelfl-
eial Intelligence, Computer Architecture
and External Interfaces.

1.2 Advanced Information Processing (AIP)

*  § 1.8 billion (June 1988 exchange rate
1 1.2 5/ECU)

40 projects are currently supported
by the ESPFRIT ALFP involving 1%3 EBuropean

organisations. Because of the rapid
progress being made in AIP, the require-
ments of research are continuously
changing. To ensure that work within

ESPRIT is directed into the most appro-
priate areas regular reassessments of the
workprogramme are carcied out.

Assessment of the needs of the next
generation of ATP systems showed that
developments are needed in the following
areas:

- applicable knowledge engineering tech-
niques;

- new computer architecturss for symbolic
and numeric  processing and  faulc
tolerant systems;

- advanced system interfaces.

Each of these areas has been ad-
dressed within the AIP part of the ESPRIT
Programme, Below follows a survey of the
work carried out as well as a discussion
of plans = for building wupon this work
during the secomd phase of the programme
from 1988 to 1992,

2. CURRENT STATUS

2.1 The Development and Application of
Fnowledge Engineering

The objective of the work in this
domain is te accelerate the successful
intreduction of knowledge-based systems to
a wide wariety of application domains
within industry. Maximum benefit is thus
gained from the use of the fast maturing
knowledge engineering techniques both in
end-products and in the design, manufac-
ture and maintenance phasesz of the product
lifecycle.
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The approach adopted has been to:

- develop the methods and techniques for
knowledge acquisition and knowledge
representation;

- develop domain specific systems;

- develop application -indapandemt knowl -
edge-based system "shells", supporting
languages and user interfaces;

- evaluate knowledge-based systems in the
industrial environment.

The mwain target for recent work has
been to encourage wider industrial use of
the ¥nowledge-based aystem shells deve-
loped within the programme. This was
tackled through a number of actions aimed
at evaluating the use of the systems in
specific application domains. The domains
chosen ineluded disease diagnogis of agri-
cultural crops (project 1063 - INSTIL),
financial investment advies (project 316 -
ESTEAM), the control and diagnesls of
faults in  advanced telecommunication
switching =systems, and the contrel of
electrical power distribution mnetworks
{project 387 - KRITIC).

2.1 1knewledze Acquiszition and Fnowledge
Representation

Of the two main appreaches to lmow-
ledge scquisition, the more established
onie iz based on interviews with experts.
The second is to deriwve principles from an
analysis of case studies and examples.

ESPRIT projects cover both of these
approaches. A system for knowledge acqui-
gition by interview was developed in an
early ESFRIT project (304), by two iIndus-
trial parcners, STC (UK) and SC5 (D},
together with the Universicy of Amsterdam
(WL) and the University of the South Banmk
{UK). The system, named Enovledge Aequisi-
tion and Structuring or KADS, helps the
Knewledge Based System (KBS} designer teo
structure the interview process, and, by
using protocals of expert conmsultationm, to
elicit the requisite expertise. The re-
sults of the original HADS system have
been incorporsted by the partmers together
with a software company, Seicon (UK}, inte
the Process Control Engineering KBS tool
kit which was first demomstrated in late
'B7. KaADS is being wused within a major
German funded patiomal programme, and has
supportad the analysis phase of KBS
development in several commercial projects
undertaken by the project partners.

The second approach to knowledge
acquisition develops a set of rules from

an analysis of relevant examples. GEC
(UK), Cognitech (F) and the Umiversity of
Paris Sud, the three partners of project
1063 (INSTIL), are currently making an in-
dustrial evaluation of tools they have de-
veloped to support thi= process, The in-
tegrated learning system which ferms the
kernel of the gystem iz being strengthened
by the imclusion of metheds for dealing
with incomplete problem descriptors and
noise. The abilicy to generate a kmowledge
base iz being tested by a trial applica-
tien te disease diagnosis in agriculture.
The rules that are emerging are being
evaluated by experts in this demain.

The target of ths knowledge represen-
tation work is to bring computer represen-
tation of knowledge c¢loser to conceptuali-
sation and expression by systems
designers.

The problem is ome of representing
econceptz (and their defining characteris-
ties) and the relationships betwean them,
in & form that allews the application of
reasening processes,  Semantic networks,
and logic combined with an ebjeet-oriented
approach, are two knowledge representation
formalisms being examined as the basis of
pessible solutions “"to the problem of
knowledge reprasentation, :

Several wvariants of semantie networks
are explored in ESPRIT projects. Pro-
ject 280 (EURCHELP) has developed a type
of semantic network called a generic graph
to represent user and information system
modules; such models evolwve as they adjust
to growing expertise om the part of the
user, raflecting the system's experience
of the interaction and the current usage
of the system. A prototype system to pro-
vide Both instrucrtion and help to users of
the UNIX *" mail system has been demon-
strated. The first prototype of a generic
help system will be awvailable in the
Spring of 1988,

Another form of semantlic network
reprasentation to cope with & more dynamic
modification of knowledge, has been stu-
died by Delphi (I), CGE (F) and the Free
University of Brussels (B) in preject 440
(MADSY . This has been partially imple-
mented in the OMEGA expert systems shell
now on the market. During 1987 the Know-
ledge Representation System (KRS) also de-
veloped In project 440 was taken te the
market by Enowledge Technologies, a small
compary associated with the Free Univer-
gity of Brussels.

The results gained by the partners
CISE (I) and Framentec (F) in project 236
on the representation of qualitative or



functional models of complex physical sys-
tems, =such as power plants, are now the
basis of an applicacion-oriented project.
This project (820) was launched to design
8 KBS architecture snd tool kit for real-
time process contrel applications and the
original partners hawve been joined by Hea-
Lindberg (D¥), CAP (F), Ansalde Impilanci
(I}, and the Heriot Watt Uniwversity (UK).
Frototype applications are iIn the course
of development for three areas: a thermal
power plant, a cement manufacturing plant
and operator support in the contrel room
of a geostationary satellite.

2.1.2The Development of Domain-specific
knowledge-based Systems

Here we are concermed with systems
for specific types of application, wiz.
manufacturing scheduling, real-time con-
trol, and medical diagnosis. Each project
combines the application of domain-spe-
cific systems with the development of new
tools, Some examples are as follows :

# flexible tool package for job shop
acheduling is being created by Battelle
(D), Aeritalia (I), Italcad (I) and Elsag
(I} in project B&5. A demonstrator- for
thiz project is being used by the alreraft
production plammers of Aeritalia for ope-
rational scheduling of a manufacturing
system,

An expert system shell with features
to handle the stream of real-time input
and output data that arise in the econtral
cycle, has been built on project 857
(CGRADIENT) by Computer Resources Interna-
tional (DE}, Brown Boveri (D), and the
Universities of Kassel (I), Stratchclyde
(UE) and Leuven (B). !

In project 599, a prototype system
has beén constructed to assist the consul-
tant in electromyographical diagnoesis from
the analysis of biocelectrical signals from
muscle and nerve tissue. It alse advises
on the test procedures to be performed.
The novel approach adepted combines both
causal and probabilistic models for diag-
nostic purpeses, in a single necwork. Fur-
thermore, it is well-integrated with the
equipment and other aspects of the diag-
nogtic =ystem. The team of pmedical and
software partners has successfully taken
into account such aspects as user consi-
derations and professional acceptance in
the design of the knowledge-based ewxpert
system. - This system was successfully
demonstrated im the Autumn of 1987. One
of the partners, Dansk Medico Elektronik
{(Judex}, a computer engineering company
working on real-time systems, is incorpo-
rating the design of the user interface
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and the knowledge-based system inte its
range of medical egquipment,

2.1.3The Davelopment of  Application
Independent Knowledge-based System Shells,
Support Langusges and User Interfaces

The majority of knowledge-based sys-
tems consist of an inferemce engine, & set
of rules, and a database containing domaln
speeific information, For any particular
application it is necessary to develop the
set of rules and provide the domain spe-
ciffe data. Clearly it would sipgnificantly
reduce the cost of developing a particular
knowledge-based system if a kermel system
was available which eould be tailored to
any specific application domain simply by
providing the necessary rtules and domsin
gpecific information. Knowledge-based sys-
tem "shells” provide sueh ‘s kermel, and
because of their petential regarding the
reduetion in development costes of lnow-
ledge-based systems they have been pglven
major emphasis within the programme. Two
particular systems developed within  the
programme are already available. The OHEGA
shall from project 440 is being marketed
by Delphi (I) in Europe, the US and Japan.
It i= being hosted onte the currently
available Portable Common Tool Environment
(PCTE)™, which will be a wery useful
facilicy for industrial users.

A second system, the Expert System
Builder (ESB) developed in project 96,
whiech 'pruvidas a complete environment,
compares wvery faveurably with the current
market leading shells produced in the US.

The  efficient  implementation  of
knowledge-based systeéms has required the
development of legle-based programming
languages. In Europe the Prolog language
has played a prominent rele, and the en-
hancement of Frolog and its integration
into appropriate development support envi-
ronments iz of strategic importance to the
effective development of knowledge-based
systems,

Throughout 1987, steps were taken to
achieve a EBuropean-wide consensus on a
common ‘definition of Proleg and, in paral-
lel with this action, an 130 working group
was officially formed.

Prolog 1II which extends Froleg by
the additien of powerful mmerical capa-
bilities, has been fully specified in pre-
jeet 1106 by Prof. Colmerausr, the inwven-
tor of Proleg, and his team, and a com-

+—FCTE : a standard set of Software Tool
interfaces coming out of the ESPRIT
Seftware Technology area,
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plete implementation is available, It is
being used in the development of an expert
system for the diagnosis of failures im an
automobile engine component by Daimler
Benz and Bosch,

A further enhancement of Frolog to
provide an interface to the international
graphics standard, GES, has been completed
in cthe ACORD project (393) and the impacts
of successors te GES are being taken inte
acgount. The aim is to provide a Proleg
graphics capability and matural language
parsers are belng implmnl:ad using the
enthanced Prolog.

The development of a mew logic pro-
gramming ernvironment consisting of ad-
vanced tools (e.g. a ratiomal debugger, a
language-oriented . editor and & graphies
interface) is being undertaken in project
973 (ALPEZ). Prototype versions have been
demonstrated, and their integration is now
in progress, Exploltation prospects are
being evaluated by the prime contractor,
CRIL (F}).

Because of the very large amounts of
data required im many industrial applica-
tions of knowledge engineering technigques
it iz very important that efficient inter-
faces are developed which will support ef-
fective interaction between the iﬂfﬂ:qnu
engines and the databases.

Within the project 311 (ADEMS), Bull,
FHixdorf amd Olivetti together with four
universities have implemented an interface
representation of twe mnatural Llanguage
parsers with a hybrid knowledge represen-
tation system called BACK. One parser is
rule-based., The other  is based on a lin-
guistic theory which is being implemented
in a computer system for the first time.

Techniques that combine rules and
relational algebraiec expressions are being
developed in preject 530 (EPSILON}. A
prototype workstation has been produced
which demonstrates the feasibility of
using ecommercially avaiflﬁahle software
tools, in this case UNIX based Prolog,
and a commercilally available relationmal
database. In & second work package, a pro-
totype has been developed that econnects
the database management werkstations inte
an integrated EBMS.

2.2 The Development of New Computer
Architecturas

The need for high performance compu-
ters ‘capable of processing symbolic and
mumerical informaciom will increase si-
gnificantly over the next few years as the
results of the knowledge engineering work

and the advanced man-machine interfaces
become embedded inte a wide range of ap-
plications, eg CAD, office systems. The
decigion was taken &t the outszet of the
ESPRIT. programme ©o concentrate on the
development of highly parallel axchitec-

ture machines, and the appropriate soft-

ware, to achieve the performance lLewvels
required. The wuse of parallelism also
gives the additional potential benefit of
providing flexible architectures suiteble
for a large range of system performance.
To ensure that a sound basis was provided
for the development of these machines omne
ef the firsc ESPRIT projects (&15,
PALAVDA) was launched to study the perfor-
mance of the diffevent approaches to sym-
bolic processing on parallel architecture
computers.

The results to date include ;

The design of the architecture for
parallel object-oriented =systems has been
completed, and the operating system, the
POOL 2 language and its compiler are now
available.

The first prototype of a logle ma-
chine, baszed on a Virtual Inference
Machine, iz now awvailabla,

An  implementation of a functional
parallel programming Llanguage (FF 2) 1s
now running, and has been used as a pro-
gramming language for a parallel inference
machine based upen the connection methad.

& wide Eurcopean forum on parallel

" eemputing has been established through the

organisation of an international confe-
rence on  parallel architectures amnd

languages.

A particularly important chjective in
the computer architeeture area was to de-

. velop a low cost, high performance paral-

lel computing capability. The partners of
the Buperncde project (10485}, Royal
Signals and Radar Establishment (UK},
Thern-Emi (UK), APSIS (F), TELMAT (F),
IMos (UK}  and  the Universities of
Grenoble (F) and Southasmpton (UE),  have
achieved spectacular results towards this
objective, making substantial progress in
four key areas:

The ‘basic processing element: a
fleating peint version of the transputer -
the TBO0-20 with 350,000 transisters, and
capable of 1.3 WFLOFS - is now commer-
clally available from INMOS.

The intexcompection architecturs and
a mnon-blecking switch element: a highly
modular archivecture interconnecting nodes



of 20 transputers each, has been designed.
The architecture is fully reconfipurable
with a project target of up to 64 nodes
through the use of software controlled
VLSI switches.

tpu ] H
components are being designed capable of
handling data at & rate of 100 Mbytes/sec
through & number of 20MHz channels. This
allows on-line, real-time handling of high
regolution image Information, and many
other data intensive applications.

gystem Software: Supermode is cur-

rently programmed using OCCAM and versions
of the OCCAM support system, TDS. IDRIS, &
proprietary wersiom of the emerging stan-
dard operating system, POSIH, is alsze sup-
ported, FORTRAN, PASCAL and € are also
available. The develepment of a UNIY ™@
based operating system and a range of ap-
plication software to support CAD, numeri-
cal applications, ete, is now underway.

This work has already rtesulted in
products availsble on the market today, In
addition to the floaring peint transputer
already mentioned, two limes of minisuper-
computer products are mow available: the
T.WODE series marketed by TELMAT, and the
SR1000 series markered by PARSYS, an off-
shoot of THORN-EMI sec up for that pur-
pose. Full wuser compatibility is ensured
between these two product lines. That per-
formance ranges from 25 MWFLOPS to 400
MFLOFS and their prices from % 60 000 to
§ 600 000, The performance/price ratie for
these machines appear to be supericr to
any currently available similar machine by
a factor of at least 3. Further enhance-
ments of these machines are planned, up to
1.5 GFLOPS in 1989,

In addition, the Supernode project
has investigared applications in domains
such as CAD and image processing. One of
the partners, APSIS, has developed the
Lucky Log simulater for computer aided
design which 1s currently undergoing
industrial fileld crials prior to general
releage.

& further important aspect of system
architecture development 1is in the field
of fault tolerant computing tackled in
project 618 (DELTA-4). This project has
developed a technique to give a dis-
tributed COmputer syatem protection
against local station failures., The tech-
nique invelwves the additien of a plug-in
module developed within the projeect, which
can be added te any machine, whose
inputs/outputs ports conform te  the
150/081 specifications. &  distributed
system employing these medules can then
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automatically reconfigure te overcome in-
dividual wnode failures. A multicast
communication system Implemented onm a LN
was demonstrated in early 1987, Demon-
strators of a real time UNIX ™ prototype
and a PRemote Service BRequest prototype
have been developed, and work is under way
on' a Delta-4 system architecture and com-
putational model.

2.3 Development of Advaneed Bystem
Interfaces

The prime chbjective of this part of
the pregramme iz to achieve computer un-
derstanding of the environment from exter-
nal sensors. The work has concentrated
primarily on image processing, natural
language understanding and specch proces-
sing.  Furthermore, the topic of mulei-
sensor operation has been added recently
to complement the ongeing work, however it
is teoo early to report significant
progress frem the projects in this field.

2.3.1Image Processing

The initial aim is to develop systems
capable of analysing and understanding 2-
dimensional and 3-dimensional scenes and
sequences of pilctures (four-dimensional
SCEnes) .

The analysis by computer systems of
statie 2-dimensional and 3-dimensional
scenes and of moving scenes is already
finding application in domains such as
stress analysis, robotics for computer
contrelled manufacturing systems and secu-
rity systems. In the area of 2-dimensional
image processing a set of algorichms for
the proeessing of medical X-ray images has
been produced in project 26 (SIF). Thesa
algorithms are now being implemented in a
prototype system which uses an explicit
model of the seene {(the organisation of
the blood vessels) together with know-
ledge-based reasoning techniques to con-
trol the different processing levels. In
the areas of 3-dimensiomal scene analysis
and motien the following results are par-
ticularly interesting for induscrial ex-
ploitation :

A  portable  interactive software
environment called VIS to generate or
interrogate multiple vTepresentations of
imsges or image sequences. The VIS system
is currently being evaluated prior to full
exploitarion.

A low-cost (using off the shelf
components) prototype system for depth
computation of objeets in an industrial
BCEne,
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A wery fast sterec image processor
which is currently being extendsd into an
integrated depth and motion analysis sys-
tem.

2.3.2Natural Language Understending and
Speech Processing

The most significant results achieved
to date have been in the areas of natural
language dialegue and the development of
speech systems. The feasibllity of deve-
loping an effective interface batween text
analysis and speech has been shown by the
availability of the functional description
of a system and its components providing
man-machine dialegue for reference to
"pellow pages" directories. This result
was achieved within preject 1015 (PALABRE}
completed in 1987.

In the domain of natural language,
two universities within the ACORD project
(393), have produced parsers for the
French, English and German languages.
These parsers together with the deduction
componient produced within the project are
capable of ha:nﬁling' complex sentences,
e.g. sentences which require pronoun reso-
lution,

The availability eof systems capable
of understanding continuous speech in
nofsy enviromments iz a requirement E£or
many application domains. This 1=z a
longer-term goal for the programme but al-
ready significamt progress has been made
within restricted domains and contrelled
environments, Within prejeect 26 (SIF) a
stand-alone acoustic fromt-end iz wunder
development, an early prototype of which
provides lexical access te a wvery large
vocahulary and 1= capable of recognising
continuous utterances under restricted
conditions. Sentence recognition at a
speed close to real-time 1s expected from
the system by the end of 1988. This frone-
end sub-system is eurrently being con-
nected to a sentence understanding sub-
system which wuses knowledge-based tech-
nigques, The understanding sub-system is
being implemented on a parallel machine
baszed on the transputer.

3. PLANS
3.1 0Objectives

An indepemdent assessment (3) of the
first phase of the ESFRIT programme Was
carried out. This supported the basic
ESPRIT concept of collaborative precompe-
titive research and suggested new areas of
emphasis in informatiom processing. In ad-
dition, the review of the workplan invol-
wving extensive comsultatien with industry

and academia yielded new Insights and re-
commendations., In particular, it was sug-
gested to combine the two areas of Soft-
ware Technology and Advanced Information
Processing into one in order to better
bring out the synergies between the two.

In April 1988 the second phase of the
ESFRIT programme was adopted. The total
wlu.m5 of effort planned is 3.2 Billion
Eci*s* , half of which financed from the
Comminity's budget in the years up to
1992, the other half being provided by the
participants. About one third of this
budget is to be direeted towards Infor-
mation Processing Systems work, the combi-
nation of the two previous 5T and AIP
areas. Such a significant effort is jus-
tified and indeed mecessary in view of the
importance it has to the overall ESFRIT
objectives. E ’

The programme of work defimed within
the Information Processing Systems.. (IPS)
area for the second phase of ESPRIT is
aimed at:

- The managemeént and centrel of systems
complexitcy.

- &4 reduction in system development and
operational costs.

- An improvement im system quality and
reliability.

- An increase In system perfotmance.

Four key areas have been identified
under which the cerresponding work will be
implemented :

- Bystem Design
- Knowledge Engineering
- Advanced Systems Architectures

= S‘paeﬂh. and Image Understanding and
Hulti-senseorial Systems

These four areas will now be consi-
dered in turn in greater depth te high-
light the most important features.

3.2 Bystem Design

The progress made in the first phase
of ESPRIT on the development of software
enginesring envirenments (notably FCTE)
and advanced design methods identified the
need for preater emphasis te be given to
the support of the development of systems

25 3.86 Billion at June 1988 exchange
Tate



incorporating hardwars, software  and
Inowledge-baged components, This require-
ment was evident from the experience which
showed that many of the problems assoei-
ated with complex IT products were due to
industry's inabiliey to adeguately des-
cribe the system requirements and teo wvali-
date the higher levels of design. Work
will now be targeted to future generations
of IT products which will require levels
of complexity which are  far greater than
those available today. This increase in
complexity will be evident in the funec-
tonality of the systems, their size, per-
formance and conmectivity.

3.2.18ystem Development

This work is expected to invelve
nearly &ll the major industrisl concerns
in Europe with expertise in this field.
The cpportunity will be taken to davelop
strong links between related Community and
other Eurcpean projects. The wuse aof
Imowledge engineering (KE)} technigues to
support the development of complex systems
will receive special consideration as will
the development of an advanced system
engineering envirorment providing the
technical infrastructure feor the integra-
tion of hardware, software and knowledge-
based computer aided design tools.

3.2.28ystem Enhancement/Haintenance and
Component Reusabiliry

The main objective of work under this
heading is the reduction of costes associa-
ted with the post delivery phases of a
product lifeecyele, iIncrease in product
quality and increase in design producei-
vity. An important and related objective
of this part of the woxrk is the capabilicy
to reuse existing, tested, system compo-
nents,

3.2.3Evaluation and Management

To enshle fast transfer of system de-
sign and maintenance/enhancement methods
and tools into preduct divisions of indus-
try, results emerging from the pre-compe-
titive projects will be fully ewvaluated
within irdustrial environments. The ewva-
luation work started in -the first phase of
the programme will be relnforced as the

Programme matures,
3.3 Fnowledge Engineering

The central role that Knowledge
Engineering is begimning to have in both
support. activities and emd products puts
even greater emphasiz on the need for
European industry to have a good command
of the use of this technology. Through
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the first phaze of ESPRIT and some na-
tional initlatives, Europesnm dindustry mnow
has access to good Intelligent Enowledge-
Baged System (IKBS) development tools and
some wsarly results of the use of
KEnowledge-Based systems in the industrial
environment. The technology transfer
activities will now be reinforced which
will require beoth Ffurther evaluation
trials and further development of the
technology for use in real-time applica-
tions and in ever more complex target
systems .

Particular emphasis will be given at
this stage to a mumber of toples whieh are
considered in more detail balow,

3.3.1Real-cime and Cooperating Knowledge-
baged Systems

Work will be carried out in
Knowledge-Based techniques for real-time
applications and the abilicy for
Enowledge-Based Systems (¥BS) to cooperate
to solve complex problems in order to opem
up & broad area of application domains and
to stimulate further advancement of Know-
ledge Engineering metheds. In particular,
further work will be carried out to de-
velop techniques and teels for real-time
FBS ineluding KBS applied to signal under-
standing.

3.3.2Industrialisation of Knowledge-based
Systems :

The aim of the work in this area is
the develepment of means by which industry
will be able to build large, efficient and
reliable lmowledge-based systems, The
pain toples to be covered are:

- KBS lifecycle;
- Performance evaluation of KBS;
= Man-machine interface for EBS;

- Development, maintenance and wse of
large knowledge bases,

- Enhancement of existing, more conven-
tional, systems with Iknowledge-based
components, eg. for "intelligent"access
to large databases.

3.3.3Topics for Directed Research

Four topics have been identified for
further study te assist in the industrial
development and exploitation of KBS,

These areas are:

- Explanation facilities;
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= Time-dependent reasoning

= Machine laa;mi.ng::

- Enowledge elicitation and aquisition.
3.4 Advanced System Architectures

Given that the avallability of high
performance computers to Eurcpean industry
is a central requirement te the develop-
ment of a strong IT industry in Euwrope,
the work on advanced system architectures
will be given particular emphasi= in the
second phase of ESPRIT,

Emphasis is given to the development
of highly parallel machine architectures
and expleoitation of comcurremcy generally.
Further develepment of the Supernode ar-
chitecture and the develpoment . of appro-
priate operating systems, FPCTE-based de-
velopment support enviromments for a range

of programming languages and applicationm .

software will be addressed. The exploita-
tion of parallelism will be a central
theme,

3.4.1High Performance Computing

The goal is te enable the European
computer industty to operate successfully
in the market for supply of high-perfor-
mance low cost compubters. '

The recognitien that the next genera-
tion of machines will need to support ef-
ficiently both symbolic and numerical ap-
plications provides an opportunity for
European suppliers to enter into the world
market for high-performance, low-cost,
computers, which in the past, has been
driven by the majer US computer suppliers.
For these high-performance low-cost ma-
chines Europe now has the technology to
forge a strong pesition of its own, with
the intention of bringing the basic cost
per MFLOPS (or eguivalent) down by a fae-
ter of ten,

3.4.25upport for Parallel Architecture
Computers

Wide Industrial acceptance and use of
parallel architecture ecomputers will be
eritically dependent wupon the range of
gystem and application software avallable
te the appllication developers and end
users. Consequently, within this area of
the ESFRIT programme, the techniques and
tools will be developed te Fully expleit
the hardware architecture to achieve tha
highest pessible performance and rellabi-
lity for a range of diverse application
domains. The workprogramme has been de-
fined so asz to identify the developments

in the operating systems to efficlently
manage the resources of the highly paral-
lel machines, the development of the de-
sign suppert methods and tools and appro-
priate envirenments, and, where necessary,
the further development of high lewvel lan-

guapges .

3.4.3Fault Telerant Architectures

The capability of computing systems
to operate correctly in the presence of
errors and faults is a pre-requisite in
many safety eritieal and other domalns.
The work on advanced system architectures
for current and future generation compi-
ting systems will therefare take fully
inte account the fault tolerance require-
ments. To achieve these requirements work
will be carried out on the targst machine
architectures themselves asz well as the
appropriate techniques and toals to be
used during the system design phase.

3.4 . 4Neural Computing .

Interest in this new [ield of compu-
ting is rising strengly and a pilot pre-
gramme of work is being conzidered to:

- Assess the maturity of neural ecomputing
for industrial applicatons;

- Develop the technical foundations for a
more strategic setion in the future.

3.5 Speech and Image Understanding and
Multi-sensorial Systems

The main aim of the work in this
domain is the development of the concept
and design tools for use in meeting the
substantial imdustrial demand for complex
signal processing and eontrol systems.

In the longer term the reguirement
will be for more generic speech and image
processing and multi-sensorial techniques
which are not constrained by particular
application domain factors. However, im
the shorter-term work will be feocused on
the design and development of signal ana-
lysis systems for spesch, vision and muti-
sensor £ignals which can operate effec-
tively in the fields of robotics, manufac-
turing, process control, medecine, ete.
These current =ignal analysis systems are
primarily application specific and of low
complexity compared to the needs of the
next generation systems. The longer term
work will proceed via the integratiom of a
mumber of technologies to provide powerful
numey feal computation capabi-
lities, symbolic processing and reasoning
capabilities,



This part of the Information Proces-
ging Systems sector of the ESPRIT pro-
gramme provides the opportunity te pull-
through much of the technology work under-
way in the rest of the sector. Speech,
vision, and multi-sensorlal systems re-
quire mot just the development of a single
technology, but  alse tha effeccive
integratiom of all of the technologies
covered by the programme.

3.5.15peech

The main cbjectives of this parc of
the workprogramme are the development of
continuous speech understanding systems,
speaker indepenident recogniction of a
medium size vocabulary and the development
of dialogue workstatioms For industrial
usa,

3.5.2Image Understanding

The emphasisz im the second phase of
ESPRIT will be placed on the development
of wersatile, flexible, wision systems;
versatility in regard to the Interpreca-
tion of fast changing image scenes and
fléxibility to ensure that the user is
able to adapt the system to a range of
different tasks. Also the movement from
low znd medium level wvisien processing to
a high level image understanding in two
and three dimensions will be specifically
addrezzed,

In the shorter term the objective of
utilising the already available algo-
rithms eand processing technology to
realise complete wvision systems will be
addressed. 1In the longer term techniques
for hendling moving senes in real-tims
will be developed, and the necessary
projectz to provide methods and tools to
develop systems capable of operating in
real-time will be launched in time for use
in later phases of the programms.

3.5.3Mulri-sensorial Systems

) The main goal of the worlk in muki-
sensorial systems is the develpoment of
the approfipriate methodelogy and support
tools for the design of a wide range of
application independent muti-sensorial
signal processing systems. In particular
the work will cover:

- The dewvelopment ef methods, tools and
archigtectures;

- The develspment of teols for the fusion
of informetion flow from numerous
heterogenecus signal channels;
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- The definitien of models for Infermation
extraction,

- The development of a methoedology for
kndwledge base generatiom.

4., CONCLUSION

The flrst phase of ESPRIT has demon-
strated the feasibility and importance . of
industrial cooperation across borders in
the European context. Such a cooperation
in precompetitive R&D, sugmented by a sub-
stantial element of academic participa-
tion, iz having a profound effect on how
the Information Technology Community in
Europe is viewing its future. These
cooparations are already providing buil-
ding blocks in several areas, notably ex-
pert systems and paralNlel architectures.

In the years that lie ahead, the
European IT industry will need 'te build on
thege foundations and intepgrate the re-
gults already obtained in order to meat
the competitive requivements  of the
19%0's.
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