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A Word from the President
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In 1999, numerous successes in science and technol-

ogy won INRIA several awards and resulted in 

enhanced national as well as international standing

for the Institute. In addition, 1999 was also the year

of the new Strategic Plan. The Strategic Plan is a text

based on extensive internal consulting that was

approved by the Board of Directors of the Institute.

The Plan presents INRIA’s ambitions and strategy for

the coming years and depicts its vision of the scien-

tific and technological world in which the Institute 

is working. 

Scientific excellence and technology transfer – the

two main strategic objectives of the Institute – are

emphasized in the Strategic Plan. The underlying basis

for the Institute’s strategy is to combine these two

objectives intimately since, today, innovation in the

field of information and communication science and

technology relies essentially on scientific research,

sometimes of the most basic kind. Scientific excel-

lence attracts the best researchers, the most brilliant

students and the leading edge of industry. Decisive

involvement in technology transfer will make it pos-

sible to take advantage of the skills thus gathered and

to create wealth and employment based on research

results. The Strategic Plan expounds five major scien-

tific challenges that the Institute intends to take up, as

well as the priority fields of application. The Plan des-

cribes how INRIA will step up its policy of partnership

with  universities, engineering schools and other

research institutions in order to contribute to the suc-

cess of the national research operation in the strate-

gic field of information and communication science

and technology. This text also presents the Institute’s

regional policy, its involvement in the promotion of

scientific and technological culture, as well as its

resolve to contribute to the reinforcement of the

European scientific community. Finally, readers of the

Strategic Plan will learn how INRIA will intensify its

action to achieve internationally renowned success in

technology transfer, either through the development

of research results in industry or through the founda-

tion of technology start-ups, based on its experience

and network of numerous partners.

The Strategic Plan, and the Annual Report which

details a few aspects of the Plan and presents the

strong points of INRIA’s work in 1999, are like two

“business cards” that the Institute is happy to present

to its close or its extended partners. The stage is set

for a productive and exciting year 2000!
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Boosting research in the field of ICST

The Institut National de Recherche en Informatique 
et en Automatique is a scientific and technological institute
operating under the dual authority of the Ministry 
of Research and the Ministry of Industry. 
Decree 85-831 of August 2, 1985 
on the organization and functions of the Institute, 
defines the following missions:

INRIA has redefined its objectives and the means to achieve them in the
framework of its missions to take into account the massive arrival of
information and communication science and technology (ICST) in all seg-
ments of society. The Institute has asserted its responsibility to play a driv-
ing role in this field on the national level for the period 1999-2003 in 
its Strategic Plan, “A Research Institute at the Heart of Information
Society.” Readers may consult the whole version of INRIA’s Strategic
Plan at the URL: http://www.inria.fr/Strategie/

Contributing to the resolution 
of five major scientific challenges
Research in computer science, automatic control, signal processing and
scientific computing is advancing on several fronts. On the one hand, as
in other major scientific fields, research consists in producing and orga-
nizing knowledge and discovering and fine tuning general and profound
concepts that will then be analyzed, developed and applied. On the other
hand, research also tackles many novel, sometimes unexpected, prob-
lems that often originate in interaction with other sciences or extremely
rapid technological changes. The Institute is particularly focusing its
efforts on providing significant contributions in the resolution of five
major scientific challenges identified in the Strategic Plan:

● mastering the digital infrastructure by learning how to program, 
compute and communicate over the Internet and over heterogeneous
networks,

● designing new applications making use of the Web and multimedia
databases,

● knowing how to produce reliable software,
● designing and mastering automatic control for complex systems,
● combining simulation virtual reality.

To ensure a correct balance between progress in knowledge and the
development of the most advanced applications, the Institute is espe-
cially targeting a few large areas of applications, primarily telecommuni-
cations, multimedia, medicine and biology.

Developing research results in industry
INRIA’s decisive involvement in technology transfer makes the most of
the skill assembled at the Institute. This involvement makes it possible to
create new wealth and new employment based on research results.
INRIA’s objective is to obtain internationally recognized success in tech-
nology transfer, either through the development of research results 
in industry, the foundation of technology start-ups or the distribution of
software.

A deliberately open policy
In 1999, there was a budget for 744 positions at INRIA, 346 of which
were in research. However, due to an already well established policy of
openness to and partnership with numerous organizations for research
and higher education, INRIA actually had at its disposal slightly more
than two thousand personnel within its research units. In order to pro-
mote the success of the whole national research operation in the field of
ICST, this policy of openness must be reinforced. This will be achieved by
increasing the number of tenured researchers and reinforcing partner-
ships with  universities,  engineering schools and research institutions.

● to undertake
basic and applied research,

● to create
experimental systems,

● to organize
international scientific exchange,

● to ensure
the transfer and dissemination of knowledge 
and expertise,

● to contribute
to the effective implementation of research findings,

● to contribute
to cooperative development programs 
especially through training,

● to carry out
scientific evaluations,

● to contribute
to standardization.

Introducing INRIA



Given the fact that ICST permeates all disciplines, the openness policy
must be extended to other scientific fields. Experts in such domains – stu-
dents or senior researchers, from the public or the private sectors and
from France and abroad – must be given the opportunity to join INRIA for
sufficiently extended periods. Upon leaving the Institute, they will be able
to spread the skills and technology acquired during their stay throughout
all sectors of activity.

Organization of the Institute
The scientific organization of the Institute into research projects is intend-
ed to foster flexibility and reactivity. A project is a small team – from 10 to
25 persons including all collaborators – with a clearly defined research
program and scientific objectives. Teams work on relatively focused
themes. A project head is in charge of coordinating team work. 
As of January 1st, 2000, INRIA boasts 74 research projects, divided
amongst the five research units located in the following regions: 
Ile-de-France, Bretagne, Provence - Alpes - Côte d’Azur, Lorraine and
Rhône-Alpes. Three of the units (Lorraine, Rennes, Rhône-Alpes) are 
linked to other public higher education or research institutions in the 
framework of joint research units.  General headquarters and manage-
ment services are situated at Rocquencourt, as well as the Development
and Industrial Relations Department. 
Three management departments were created in 1999:
● the Administrative and Financial Department, 
● the Office of Human Resources, 
● the Department of Networks and Information Systems.

The Research Units

INRIA Rocquencourt
created in 1967 (19 projects).

INRIA Rennes
created in 1980 (17 projects), 
linked to CNRS, the University 
of Rennes 1 and INSA Rennes
within the framework of Irisa.

INRIA Sophia Antipolis
created in 1982 (16 projects).

INRIA Lorraine,  
created in 1984 (9 projects), 
linked to CNRS, the Nancy 1 
and Nancy 2 Universities, 
INPL and the University of Metz 
within the framework of Loria 
and the Institut Élie Cartan.

INRIA Rhône-Alpes
created in 1993 (13 projects), 
linked to CNRS, the Joseph Fourier
University, INPG and ENS-Lyon.

Programming parallel machines: 
visualization of load balancing 
for a Mandelbrot computation.
Project APACHE
Joint project with  IMAG 
(CNRS, INPG, UJF)

A few key figures

1999 budgetary resources
Government subsidies: MF 420 exclusive of taxes
Own resources: MF 136 exclusive of taxes

1999 human resources
Staff as of 1999, trainees not included

INRIA permanent positions: 724

Post-doctoral fellows and personnel under contract: 256

Doctoral candidates: 550

Researchers from other institutions (estimated): 230

Consultants, various collaborators, visitors (estimated): 430

Industrial indicators
Ongoing contracts: over 600

Contracts signed during the year: over 200

Six technology companies founded in 1999:
Aucland, Liberty Market/Kelkoo, Liquid Market, LookThatUp.com, 
PolySpace Technologies, Trusted Logic

Patents
7 initial patents registered in 1999: 
1 full property of INRIA, others co-owned, 
5 with industry and 1 with a university
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Major Research Directions

The disciplines that form the basis of the Institute’s four
research themes concern the design, modeling, analysis,
simulation and control of complex systems. Such systems can
either be artificial or natural, for instance telecommunication
and multimedia applications, medicine and biology, and engi-
neering among others. Within these four main themes, the
research projects that are already established or are being
constituted, are assigned to nine programs. Each program
gathers a dozen thematically close research projects or teams
that are simultaneously evaluated.

Theme 1
Networks and Systems

Most production of goods and services processes make use of multi-
computer systems, distributed through communication networks
with specific requirements in terms of performance, in particular
real time, reliability and availability. Such systems have to process
large quantities of complex, multimedia information. 
INRIA studies and experiments on design methods for such systems,
as well as the tools for creating and evaluating them. The covered
spectrum goes from very large telecommunication networks to 
specific integrated circuits.

Theme 2
Software Engineering and Symbolic Computation

Designing and experimenting on new programming tools is neces-
sary to handle the growing complexity of software and to increase
productivity in this domain. 
To achieve these goals, high level languages that integrate novel
concepts and interactive proving and design tools are necessary.
New applications call for even more complex algorithms in crypto-
graphy, algorithmic geometry and robotics. New mathematical
methods and symbolic computation are required to design and ana-
lyze such algorithms.

Theme 3
Human-Machine Interaction, 
Images, Data, Knowledge

Work in this domain aims at improving human-machine interaction.
Cognitive psychology and ergonomics make it possible to better
adapt computer systems to the needs of their users: learning aids,
company memory, aid in running installations, command posts.
Artificial intelligence plays a central role in human-machine inter-
action in terms of dialogue (speech recognition, natural language
processing, multilingual data) on the one hand and on the other
hand, in advanced tool design (reasoning, knowledge representation,
navigation tools).
Three-dimensional object modeling and scene recognition, possibly
taking motion into account, provide the computer vision techniques
needed to control robots. These fields also interact with computer
generated imaging in simulators, artificial illumination and audio-
visual production. The development of networks brings about new
constraints in terms of image transmission (compression, packeting,
progressive transmission) such as searching and handling docu-
ments in image and video banks.

Theme 4
Simulation and Optimization 
of Complex Systems

INRIA’s research projects are developing numerical methods in sys-
tem command theory, signal processing and evaluation of production
systems. The Institute also produces software for optimization, econo-
mics, automatic control, data analysis and biology. It is involved 
in applications in many sectors of the economy.
The simulation of complex phenomena pertaining to engineering
science (fluid and structural mechanics, semiconductors and elec-
trical engineering, meteorology, new materials), financial models or
living organs leads to research in refined mathematical modeling of
these phenomena and in the development of scientific computing
software. These subjects are well suited to collaboration with indus-
try in a variety of areas (aeronautics, automobile, computers, oil,
steel industry, medical industry, among others).

Scientific Themes

Regular mesh of the DPH1 molecule surface 
with normal vectors.

Project NUMATH
Joint project with CNRS,

the Henri-Poincaré 
and Nancy 2 Universities

and INPL





Cooperative Research Initiatives
INRIA organizes multidisciplinary research initiatives revolving
around the basic themes that are particularly aimed at the applica-
tion sectors. Such cooperative research initiatives are a means of
fostering the rapid emergence of certain research subjects or to put
particular emphasis on some of the Institute’s traditional themes. 
The 32 cooperative research initiatives currently in progress for two
years each are in the following fields: 

1 in scientific computing and associated tools; 
1 in finance; 
3 in engineering; 
1 in artificial intelligence; 
1 in the medical field; 
4 in multimedia applications; 
2 in parallelism;
3 in virtual reality;
4 in networks; 
5 in interaction with other sciences;
7 in security and safety.

These initiatives also serve to reinforce multidisciplinary collabora-
tion within the Institute and with other research institutions. A total
of some thirty external teams are involved in these initiatives. The
percentage of cooperative research initiatives started in 1999 involv-
ing external teams has reached 80%. For more information, readers
are referred to the URL: 
http://www.inria.fr/Direction-scientifique
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Evaluation
INRIA’s objective of achieving scientific excellence on the international
research level requires a strong evaluation procedure.  Each year, the
Evaluation Committee examines two of the nine programs. This way,
each research project is evaluated once every four years on average. 
A board of ten or so external experts is constituted to evaluate each pro-
gram. Three of these experts, including one from industry, take charge
of the evaluation for each project. After an internal meeting between 
the experts, the project researchers, the Institute management and 
the Evaluation Committee, a synthesis of the experts’ reports is written.

VIRTUAL REALITY
In order for France to catch up in the field 
of virtual reality, the Institute has publicized
its intent to meet the challenge of combining
numerical simulation and virtual reality.
A significant effort was initiated this year.
The effort is twofold:
- installing equipment in the Rennes,
Rhône-Alpes and Rocquencourt 
Research Units;
- setting up cooperative research initiatives
that gather partners from various backgrounds
within multidisciplinary collaborations.

The Reality Center™ virtual reality equipment 
of the INRIA Rennes Research Unit: 
the visualization system control center.
Project SIAMES 
Irisa joint project with CNRS, the University of Rennes 1
and Insa Rennes



The Committee issues recommendations concerning the general orga-
nization of the program and the evolution of each project, either contin-
uation, redefinition of certain objectives, profound restructuring or 
termination. The Scientific Board then gives its opinion and the President
of the Institute finally makes an explicit decision concerning the 
continuation or termination of each project evaluated. 

Thus, ten projects were terminated in 1999, either after their evaluation
or due to a decision by the researchers to pursue new directions: LOCO
(Logical programming with constraints), MEIJE (Parallelism, synchro-
nization and real time), META 2 (Meta-automatic control and automatic
control methods), MODEL (Modeling of random systems), PARA
(Parallelism), REFLECS (Fault-tolerant, real time, distributed computer
systems), RODEO (High speed networks, open networks), RODIN
(Database systems), SOR (Distributed object systems), SHERPA
(Dynamics of knowledge bases). The researchers from these projects
have joined other projects or are currently working on the definition 
of new objectives.

At the same time, ten projects were created following the researchers’
ideas concerning new lines of research:

Theme 1
ARMOR 
Architecture and network models
Irisa joint project with CNRS, the University of Rennes 1 , 
Insa Rennes and ENST Bretagne

MOSCOVA
Mobility, Security, Concurrence, Verification and Analysis

VASY
System validation: Research & Applications

PARIS
Programming parallel distributed systems for large-scale numerical
simulation 
Irisa joint project with CNRS, the University of Rennes 1 
and Insa Rennes

Theme 2
SAGA
Algebraic Systems, Geometry and Applications

Theme 3
AIDA
Modeling and learning for data interpretation and aid in decision 
Irisa joint project with CNRS, 
the University of Rennes 1 and Insa Rennes

CARAVEL
Information mediation system

ECOO
Environments for cooperation
Loria joint project, CNRS, the Henri-Poincaré and Nancy 2 Universities
and INPL 

MERLIN 
Methods for the ergonomy of interactive software

Theme 4
MACSI
Modeling, analysis and operation of industrial systems
Loria joint project, CNRS, the Henri-Poincaré 
and Nancy 2 Universities and INPL 

Medical Imaging 
Project EPIDAURE 
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Academic Partnerships 

The integration of INRIA into the scientific community can 
be seen through numerous partnerships and new forms of
cooperation:

Joint projects 
Links with scientists from other research institutions became even
stronger. Thus, as of January 2000, more than half of the Institute’s
research projects (41 over 74) were joint projects with other institu-
tions and a third of the projects (24 over 74) were headed by staff
from other institutions, mainly university professors.

Higher education 
The collaboration with the universities and engineering schools is
also manifested through a significant participation of INRIA research-
ers and engineers mostly in graduate courses and M.S. programs.
This participation represents nearly 6,000 teaching hours.
Furthermore, the Institute receives many trainees in its research
projects, in the framework of end of studies training periods in engi-
neering schools and mostly DEA training periods. Finally, thirteen
graduate programs have particularly close links with INRIA through
a collaboration agreement.

Training through research 
and doctoral candidates advising
Like all other scientific and technological public institutions, INRIA
does not grant diplomas. However, the Institute actively collaborates
with higher education institutions, i.e., universities and engineering
schools, in doctoral programs.

Two figures may help characterize the scope of training through
research at INRIA:

● close to 550 doctoral candidates are present today in INRIA’s
research projects;

● approximately 150 doctoral dissertations in computer science,
automatic control and scientific computing are defended each 
year, after having been prepared in one of the Institute’s research
projects. This represents about 20% of all dissertations defended
yearly in France in these fields.

INRIA pays keen attention to the quality of the doctoral theses pre-
pared within its teams, and more generally, to the quality of the train-
ing received by the candidates, as well as to their professional 
prospects. It is in this spirit that INRIA keeps track of the way theses
are being advised and offers supplementary training to the candi-
dates. The latter are full members of the research projects. They 
participate in seminars and work groups, sometimes take part 
in research contracts, and have the opportunity of being sent out 
for scientific stays in France or abroad.

Ph.D.s from the Institute have little employment problems due to the
attention paid to their doctoral work and the vitality of the industrial
sectors concerned. They go into industry and into university positions
in more or less equal numbers.

Post-doctoral training
The Institute is involved in post-doctoral training by:

● receiving some forty young foreign researchers in the research
projects;

● a post-doctoral fellowship program open to the whole community
made it possible for twenty young Ph.D.’s to spend one year abroad
in a research laboratory. Selection is performed jointly with CNRS;

● sending young Ph.D.’s into industry to foster transfer of research
work;

● awarding post-doctoral fellowships to put together a company
start-up project.

Partnerships

● the setting up of joint projects with other research institutions - 
universities, CNRS, engineering schools; 

● participation in higher education; 

● training through research of young Ph.D.’s or post-docs; 

● the organization of thematic schools.



Organization of tutorials and schools:

In addition to the CEA-EDF-INRIA schools, several ones were 
organized in 1999 under the scientific responsibility of an INRIA
researcher:

Young Researchers in Programming School 
March 22-April 2, 1999, Lille

School on Waves
March 22-26, 1999, Rocquencourt

Overview of Symbolic Computation
May 10-14, 1999, Marrakech (Morocco)

27th Spring School 
of Theoretical Computer Science
“Coding and Cryptography” 
May 31-June 4, 1999, Batz-sur-Mer

Young Researchers in Databases
May 16-21, 1999, La Baule-les-Pins

Building Distributed Applications
August 23-28, 1999,  Autrans

Type Summer School’ 99
Theory and Practice of Formal Proofs 
August 30-September 10, 1999, Giens

Modulad School
Databases and Statistics
November 17-19, 1999, Le Croisic

Winter School in Telecommunications
December 6-10, 1999, Antibes

Three-dimensional Delaunay triangulation 
computed with the CGAL library: 
cospherical points.
Project PRISME
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Contributing to national research 
networks and programs
The goal of the National Network for Research in Telecommunications
(RNRT) is twofold:
● to foster dynamic innovation by promoting confrontation between
technological advances and market needs, and by making technolo-
gy transfer to companies easier,
● to follow up the opening of the market to competition and the evo-
lution of the role of the CNET. INRIA researchers participate in the
network’s Orientation Committee, its Executive Board and thematic
committees. The Institute submitted 23 projects to the network’s
1999 call for proposals. Ten of these projects were selected, 2 as
exploratory projects and 8 as precompetitive ones. 

The Ministry of Industry and the National Center for Cinematography
have set up a program to aid research and technical innovation in
cinema, audiovisual and multimedia applications (PRIAMM). The goal
is to support the French technical excellence by promoting collabo-
ration between French research teams from the public and the pri-
vate sectors specializing in digital image and sound. Of the four proj-
ects proposed by INRIA, two were selected.

Industrial Partnerships

Transferring research results to industry is INRIA’s
second strategic objective. As far as the Institute is
concerned, the goal is to make high level research results
available to industry, and more generally to the socio-
economic world, as early as possible. Several methods are
used to achieve this goal:

Contracts and industrial partnerships
Research at INRIA gives rise to numerous collaborations with partners
from the national and international economic world that involve large
industrial conglomerates as well as small and medium sized compa-
nies. More than 600 R&D contracts are currently ongoing, and over 200
contracts were signed in 1999. The contracts are often concluded in the
framework of the 120 European projects to which INRIA participates.

Some thirty products stemming from work carried out at INRIA were
marketed in diverse domains. Technology and skill transfer resulted in
the generation of an innovative industrial base in the whole spectrum
of techniques covered at INRIA. 
The mesh generation software GHS3D designed and developed within
project GAMMA in particular was a commercial success in 1999. Its
reliability and speed provide for a good interface between CAD and
simulation. GHS3D has won over big software publishers such as Matra
Datavision and Ansys, Debis, Femsys, MSC and Sandia in America. 
A preferential partnership was signed with Simulog to ensure a wider
distribution of this product.

In addition to distribution via commercial licenses, INRIA also distrib-
utes free software, mostly as source code, through the Web or CD-
Roms. Among the successes is Scilab, a scientific software environ-
ment for engineering and scientific applications, enriched by numerous
specialized toolboxes (linear algebra, control, signal processing, model-
ing and simulation, optimization and so on). There were approximately
40,000 Scilab downloads on the INRIA site in 1999, and this does not
take into account the activity on the numerous mirror sites. The Scilab
reference book was also published in 1999 (see section Publication
Selection).

A non-linear fractal attractor.
Project FRACTALES



Outline agreements
In addition to limited contracts signed between a particular company
and a particular INRIA research team, there also are partnerships on
a wider scale. Such partnerships aim to contribute to the solution of crit-
ical problems encountered by the industrial partner. They also serve to
help INRIA access or maintain a good position in worldwide research
in priority sectors. Three significant general agreements were nego-
tiated in 1999 with the Compagnie des Signaux, the CEA and Hitachi 
in Japan.

The outline agreement signed between Hitachi and INRIA is intended
to establish long term collaboration on research themes pertaining to
information technology. A research chair financed by Hitachi is estab-
lished for a duration of three years. INRIA is finalizing negotiation with
a world expert in workflow. This chair will help INRIA reinforce basic
research in the fields of scientific collaboration agreed to between the
two parties – workflow, web and multimedia networks. The first joint
project aims at developing a new workflow management model for
engineering companies. It is based on a transaction model developed
by project ECCO of INRIA Lorraine/Loria and on an extension of 
the “workcoordinator” Hitachi product.

The outline agreement signed between the Compagnie des Signaux and
INRIA allows the former to base the design of new products, in partic-
ular in telecommunication, on INRIA work. Project RESEDAS, INRIA
Lorraine / Loria, was chosen to contribute to work on modeling and
prototyping for network and service management systems in a multi-
protocol environment. Researchers of the ex-project RODEO will inter-
vene in the IP project set up within CS-Telecom. Other collaborations
are currently being examined, in particular with the Compagnie des
Signaux Systèmes d’Information. 

Finally, a cooperation agreement with CEA (Department of Nuclear
Reactors) is in the final stages of drafting. The objective of the agree-
ment is to contribute to renewing software tools for the nuclear indus-
try. The collaboration will concern three-dimensional object modeling,
numerical methods and algorithms adapted to parallel computers and
automatic differentiation to analyze code sensitivity with respect to the
physical parameters. INRIA’s contribution in software engineering will
concern software architecture and new programming environment
design around a high level programming language based on  the Caml
language developed for many years within project CRISTAL (INRIA
Rocquencourt).
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Development initiatives
Development initiatives are programs of a specific duration _ typi-
cally three to five years _ generally carried out in partnership with
several major parties. Development initiatives usually involve sever-
al research projects from the Institute, whose participation is neces-
sary to try and solve a specific complex problem. The budget is divid-
ed between the Institute and various other parties. The legal frame-
work chosen depends on the initiative and its needs, either simple
contracts between the parties or setting up of a dedicated legal
structure. Four development initiatives are active in January 2000:

DYADE: design of advanced information systems 

DYADE is a balanced collaboration between INRIA and Bull in the
field of new information systems. It allows INRIA to enhance the
value of its research results while letting Bull apply the most recent
research results to their products. Dyade was launched in 1996 and
has achieved several technology transfers concerning Bull products
(Safetech, Openmaster, Netwall, smart card and so on). Two start-
ups founded in 1999 also come from Dyade: Trusted Logic and Liberty
Market.

GÉNIE: information science and concurrent engineering 

The GÉNIE development initiative is a collaboration between
Dassault-Aviation, Aerospatiale, INRIA and three technology compa-
nies, Ilog, Ardent Software and Simulog. It has the support of the
MENRT for its research part and of the DGA for the consolidation of
results part. Nine INRIA research projects in four sites are current-
ly participating in this initiative. GÉNIE is concerned with the organi-
zation of personnel and resources in a distributed fashion so as to
simultaneously control the entire life cycle of a product, from its
design, development, manufacturing and documentation to its oper-
ational exploitation. The goal is to reduce costs while improving qual-
ity. In the present case, the principle is applied to aeronautics, but
the products developed can be of general use.
Phase 2 of GÉNIE started mid-1998 and stopped at the end of
February 2000. Due to the development of the Web, much emphasis
was put on remote cooperation between different parties on distant
sites. 

W3C: specification of constitutive Web standards

The W3C (World Wide Web Consortium) issues specifications concern-
ing the evolution of Web standards. These specifications are obtain-
ed through a consensual process carried out within forums that
gather its 390 members, either companies or independent organiza-
tions. 
This year, the Consortium devoted a significant part of its activities to
the problems posed by Internet access from mobile devices.
In addition, recommendations were issued for:
● XSLT: a style sheet transformation language;
● XPath: a language allowing the specification of parts of XML docu-

ments that can be used by XSLT and Xpointer;
● version 2 of MathML for the mathematical community.

Schrift , non constraint hand written
recognition; trajectory models
Action READ



AEE: on board electronic architecture 

AEE is a national project to design and validate a rapid and reliable pro-
cess for the definition of the system architecture and the development of
related software taken on board of means of transportation, in particular
automobiles. In addition to INRIA, the research laboratories that partici-
pate in the project are INPL and IRCyN, and the industrial partners are
automobile manufacturers (PSA and Renault), Aerospatiale and equip-
ment manufacturers (Sagem, Siemens and Valeo).
INRIA researchers participated in the definition of:
● the AIL language (Architecture Implementation Language) for the speci-

fication of hardware and software architectures;
● validation and safe functioning methods and tools;
● placement methods, for an optimized projection of the software archi-

tecture onto the hardware architecture;
● standard, reusable software and hardware components;
● a multi-party development process.

The technology companies 
Since 1984, some forty technology companies stemming from results
from INRIA’s research projects were founded, 26 of which are still
running their own operations today. The total annual turnover of
these companies is higher than the annual operating budget of the
Institute. The companies also total over 1,100 jobs.

Start-up founding may occur as soon as specific needs in an indus-
trial domain are identified and these needs can be met by basic tech-
nology devised within the Institute. This is a very important means of
technology transfer. INRIA fosters such foundations in different
ways, one of which is support by INRIA-Transfert (an incubator spe-
cializing in ICST) and another is support in putting together a com-
pany start-up project (four projects thus benefited from such support 
in the form of “industrial post-doc positions” in 1999).

BIP 2000: an anthropomorphic biped robot
Project BIP
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Thus, in 1999,
six start-ups were founded: 

AUCLAND
Aucland is a real time online auction service for individuals and compa-
nies. It targets the European online auction market with sites opened in
the United Kingdom, Italy and Spain. A former doctoral candidate from
project RODEO (INRIA Sophia Antipolis) is a co-founder of the company
and is responsible for its technical development. 

LIBERTY MARKET / KELKOO
Liberty Market (also known under the Kelkoo brand name) is an Internet
buying guide for the general public. It proposes a directory of French
merchant sites, legal advice for consumers and a product comparison
service based on price, costs and delivery times. The technology used 
is based on the work of the Médiation initiative of the Dyade EIG
(Bull/INRIA). Dyade’s results are joint ownership of Bull and INRIA. 
A license was thus granted by the two partners to Liberty Market.

LIQUID MARKET
Liquid Market was co-founded by a researcher from project CRISTAL
(INRIA Rocquencourt) in Los Angeles. Its goal was to apply innovative
information search and indexing technology for the Internet 
to electronic commerce. INRIA granted an exclusive license to Liquid
Market to market a suite of electronic commerce applications. Liquid
Market was finally bought up by NBC Internet.

LOOKTHATUP.COM 
Project IMEDIA at INRIA Rocquencourt has devised a software package
for still image contents analysis and search. The package can be used to
look for a certain kind of image in a database through increasingly pre-
cise requests. A selection of images is proposed step by step that users
can refine according to need.
The package served as the technological basis for a start-up foundation
project that won an award in the competition sponsored by the MENRT
and the MEFI in 1999. The founders of the start-up are a former doctoral
candidate, two post-docs and a researcher from IMEDIA. The latter is
taking advantage of the “Innovation and Research” law.

POLYSPACE TECHNOLOGIES
PolySpace Technologies is a company specializing in the development of
software testing and validation environments. The company markets first
generation products that detect execution errors. This is a particularly criti-
cal type of error because of the high risks involved: processor freeze,
data corruption or violation of security rules. A system based on the stat-
ic analyzer initially developed by project PARA, at INRIA Rocquencourt, is
able to discover segments of code that cause execution errors. Results
have already been obtained for large scale operational ADA codes in the
space and avionics industries.

TRUSTED LOGIC
Trusted Logic is a start-up based on results obtained within the Dyade
EIG that specializes in making smart card applications secure. Today,
smart cards are running on proprietary operating systems. They will evolve
toward such open systems as Java or Multos. Such an opening up will
make it possible to download applications on the card on demand, which
will entail even higher requirements in terms of security. In this frame-
work, Trusted Logic will market software and studies that will prove the
operations performed by the card and its security level, based on mathe-
matical techniques called formal proofs.

EMATH, an interface 
for formal computation systems.
Pre-project CAFÉ 



Incubators 
and technology company founding
The economic impact of research can be measured by the amount of
technology transfers leading to the foundation of technology compa-
nies. Incubators are new tools for the economic development of
research. They essentially consist in networking skills on manage-
ment, financial, marketing and legal aspects. Incubators comple-
ment the technological side of a project by bringing it to a stage
where the risks associated with company start-up become acceptable.
Concretely, the objective is to lead the author of a project to decide
the foundation of a company in less than a year by precisely identi-
fying the necessary resources: financing, R&D plan, product and ser-
vice development plan, skills required and so on. The final document
must constitute the sales talk intended to convince the investors,
associates and future collaborators to seriously consider their partici-
pation in the new company.

In order to play a leading role in technology company foundation in
the field of information and communication science and technology
(ICST), INRIA created INRIA-Transfert, a 100% subsidiary. INRIA-
Transfert is a thematic incubator that offers partnerships to any
regional multisectoral incubator requiring it. Such partnerships
benefit the incubator by improving its skills in this sector while
INRIA-Transfert remains focused on its specific offering while en-
riching its capital of experience.

Regional initiatives resulted in the creation of regional incubators
with the support of the Ministry of Research (MENRT). Thus the
Rennes Research Unit participates in the Rennes-Atalante incubator.
Recently, the Rhône-Alpes Research Unit joined the partners of the
GRAIN incubator. INRIA Lorraine is participating in the Loria incuba-
tor. Negotiations are under way to establish links with the Lorraine
universities incubator.

Anis an experimental mobile enlowed with diverse sensory modes
( with rotation laser and camera )
Project ICARE
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European cooperation, 
a priority for INRIA 
As a general rule, European exchanges remain the priority. INRIA’s
participation in European Community programs was reasserted in
1999 on numerous occasions at the start of the 5th Outline Program
for Research and Development (OPRD) of the European Union. Sixty-
eight proposals were submitted, twenty-eight of which will receive
financial support. The IST program (Information Society
Technologies) is an especially strong indicator of European collabo-
rations with 24 accepted proposals to begin in 2000. In addition to
these proposals, this program is the focus of the Institute’s attention
on several levels: participation in the ISTAG (IST Advisory Group),
the GTN (National Technical Group) following up the IST program in
France, contributions to the work program, researcher participation
in the evaluation committees.
In 1999, the average activity due to the 4th OPRD projects still
ongoing was equivalent to 70 man-years. A total of 39 European proj-
ects were ended in 1999. Very few were begun since this was a 
transition year between two outline programs.
The ERCIM consortium (European Research Consortium in
Informatics and Mathematics), a fourteen member European EIG,
celebrated its tenth anniversary in November in Amsterdam. Through
its work groups, post-doctoral fellowships and inter-institution
exchange programs, ERCIM remains a key element in the European
policy of the Institute. Jean-Eric Pin was appointed new Director this
year. Dr. Pin is Research Director at CNRS in the LIAFA laboratory 

of the University Paris 7. He specializes in algorithms and automata.
He has extensive experience in research result transfer and knows
the European programs very well. The ERCIM Office team hosted 
by INRIA left the Rocquencourt site for that of Sophia Antipolis. 

A few major international partnerships
North America is with Europe the large area with which exchanges
and collaborations are the most developed.
The World Wide Web consortium (W3C) is the fundamental network
for the development of Internet/Intranet technology through 
its standardization and reference prototype design activities. 
The Consortium was reinforced this year by the creation of branches –
W3C Offices – in several European countries on ERCIM sites, in
Taiwan and in Hong-Kong. An extension to Morocco and Tunisia is
currently being set up. 
The NSF/INRIA collaboration program accepted three new projects
in 1999, which ups the number of active collaborations to 19. A total
of 51 projects have been supported by this program since its incep-
tion in 1989. 

International Partnerships  

Training worshop
INRIA - INET at Bhubaneswar



Reinforcement of the collaboration with North-Africa
An ambitious program of collaboration with the University of Tunis 2
supported by the French Institute for Cooperation was set up. 
A Silicon Graphics computer was installed on the ENIT campus in the
framework of this partnership. In March, there was a workshop 
on image processing and analysis in Hammamet, and a program of
joint projects was started in the fall.
In Morocco, a French-Moroccan ICST coordination committee was
established in partnership with several other French research and
higher education institutions. A program for the year 2000, called
DRASTIC, was launched with the Ministry of Foreign Affairs. The pro-
gram provides for lasting thematic networks. 

Intensification of relations with Asia
The LIAMA laboratory in Beijing, which now hosts 15 joint projects,
was renewed in the framework of a wider partnership with other
French research institutions (CIRAD, CNRS). Several joint research
projects were proposed in the framework of the PROCORE program
(Hong Kong). INRIA is now a partner in this program.

Collaboration with India is strengthening, notably through a program
of training through research for IITs students (3rd year BTech sum-
mer training periods). The program resulted in nine such training
periods within INRIA teams.

A collaboration was started with the Physics Institute at
Bhubaneshwar, in Orissa, where INRIA has installed a small joint
laboratory. As a first initiative, an INET workshop supported by the
French chapter of the Internet Society was held in December. It was
a training workshop concerning network management Internet tools.
Other training activities concerning multimedia technologies and
INRIA research prototypes are scheduled for 2000.

The collaboration with Japan is continuing with a renewed collabo-
ration agreement with NEC, including the installation of a Cenju-4
supercomputer in Rennes. An outline agreement was signed to for-
malize collaboration with Hitachi. The agreement provides in particu-
lar for the creation of a visiting professor chair. A first collaboration
project was initiated on cooperative workflow and other projects on
the modeling of company memory based on Web technology are
under discussion, see above under “Outline agreements.”

South America was the object of increased attention in particular
with MERCOSUR countries, Brazil, Argentina, Uruguay, Paraguay,
Bolivia and Chile. This block of countries will become a major partner
of the European Union. Technical collaboration could result in full
participation of southern countries to the fifth OPRD. The convention
signed in 1997 between INRIA and Brazil’s National Center for
Research (CNPq) made it possible to reinforce a solid scientific col-
laboration that has existed for many years. New collaborations with
this country are envisioned.
An exploratory mission in Georgia was the opportunity to lay the
foundations for renewed Franco-Georgian collaboration in applied
mathematics. A spring school in numerical analysis is in preparation
for 2000. 
Other significant exploratory missions were sent to Mexico, the
Serbian Republic of Bosnia, Malaysia and Vietnam

Algorithmic geometry for solving algebraic systems.
Project SAGA
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Outstanding Facts

BIP, ENS, TRIO
Max-plus algebra applied to robotics

A robot controller similar to those generated by the ORCCAD system,
designed by projects BIP and ICARE, executes command laws imple-
mented in the form of periodic real time tasks. These tasks interact
with each other via synchronizations and preemption with fixed pri-
orities. 
A basic problem is to prove that this set of tasks is schedulable and
that deadlines are met. Researchers from the École normale 
supérieure de Lyon, project BIP from INRIA Rhône-Alpes, and the
TRIO Loria team, have proved that a change of time technique can
reduce the analysis of systems of this type to that of linear dynamics
systems in the max-plus algebra.
This algebraic approach, studied at INRIA for about ten years within
projects META2 and MISTRAL, is known to be well suited to the
modeling of synchronization phenomena. Applications are in parallel
computing, industrial automation and certain flow control mecha-
nisms in telecommunications. However, the representation of
preemption mechanisms in this mathematical formalism remained
an open problem. The results obtained by this method lead to simple
tests for checking real time constraints for these tasks (bounds on
response times, meeting deadline) that reduce to inequalities on the
solutions of affine equations in this algebra. This approach is not lim-
ited to a specific scheduling policy and indicate that new methods
are possible for the synthesis of real time controllers that guarantee
optimal command performance and computational resource usage.

Recent Scientific Advances 



COMPOSE
Automatic generation 
of graphic card drivers

Application generators constitute a very promising approach for
software reuse. They provide higher productivity gains than the
methods based on software component reuse and are amenable 
to formal methods.
Project COMPOSE proposes a two-layer approach to the develop-
ment of such generators. The first level consists in identifying the
fundamental objects and operations of the field of application in such
a way as to form an abstract machine. The second level consists in
designing a dedicated language to express variations inside a family
of applications. This layered structure is very flexible but presents 
a priori performance issues. The interpretation overhead is suppres-
sed by systematically using partial evaluation.
This general scheme was validated in the case of a language dedi-
cated to writing graphic card drivers. A graphic card is a hardware
component that computes and stores the screen images. The card
features a frame buffer and a graphic controller. All graphic control-
lers offer the same functions but the programming of their interface
differs from one manufacturer to the other. The dedicated language
provides abstractions that can express these variations.
Such a software engineering approach was also used for active net-
work programming. In this context, the dedicated language allows
for static verification of security properties. In addition, partial eval-
uation during execution makes it possible to generate an on-the-fly
compiler (Just-In-Time) based on an interpreter. The performance 
of the code thus generated is comparable to that of an equivalent 
C program.

iMAGIS et LIAMA
Applying hierarchical radiosity 

Project SOLEIL implements these techniques for plants of very differ-
ent characteristics in terms of structure or morphology. The project
is carried out in collaboration with CIRAD. The first results show that
the plant can be made to “respond” to lighting conditions insofar as
the production of living matter is directly correlated with evapo-
respiration, which is itself a function of the luminous energy received
by the leaves. Work is continuing to refine the modeling concerning
shadows cast on and by the plant, as well as the plant’s capability 
to deform itself to absorb the maximum energy, that is to say to
simulate heliotropism.

to plant growth simulation

Lighting simulation to simulate the growth of a plant over a period 
of several years is of great interest. Such simulation can be used to
represent the effect of the plant’s surroundings on its structure and
shape. The simulation is based on two aspects: plant modeling and
lighting simulation strictly speaking. Realistic plant models require 
a large number of surfaces – several thousand small polygons for a
palm tree leaf. They also require a structure that can characterize the
family of the plant and a notion of multiscale similarity. The basic
principle of hierarchic radiosity is to establish the energy transfers
at the most adequate level in relation to the precision required and
the authorized computational time. Energetic interaction is thus de-
scribed at the highest possible level in order to cut down on compu-
tation, but at a level that is low enough to maintain errors below a
certain user-defined threshold. The cost of such a hierarchy remains
quite high however, if surfaces are just subdivided. Regrouping the
initial surfaces into clusters, then regrouping clusters using proximi-
ty and size criteria provides a solution to this problem.

Application of the hierarchical radiosity method
to the simulation of plant growth
Project iMAGIS 
GRAVIR laboratory joint project with CNRS,
INPG and the UJF
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MATHFI:
Mathematics for option financial products

Stock options have been prevalent in finance since the seventies.
Basically, an option contract consists in buying today for a definite
amount of money, a sum whose value depends on the state of 
the market in the future. Hence this sum is an inherently random
quantity.
The fundamental problems are to determine the correct price of 
an option and to devise at best a covering strategy that makes it 
possible to duplicate the option. Advanced techniques in stochastic
and numerical analysis are called for to solve these problems.
INRIA researchers are collaborating with CERMICS/ENPC research-
ers within pre-project MATHFI. Their work concerns asset price
modeling using stochastic processes that are able to take into
account large price variations. They are also working on the devel-
opment of numerical methods for the evaluation and covering of
options – Monte Carlo methods, linear and nonlinear partial diffe-
rential equations solvers and so on.
The dynamic optimization of portfolios in an imperfect market (trans-
action costs, discrete time covering, liquidity constraints) is also
being studied using stochastic control methods.
The PREMIA software is an implementation of the algorithms for
option evaluation and covering.

Recent Scientific Advances (following)

MEIJE
Esterel: 
a reactive synchronous programming language

The main characteristic of reactive systems is the importance of their
interaction with their exterior environment, its rhythm and stimuli.
Such systems are based on the concepts of global clock and instanta-
neous information diffusion, deterministic parallelism and preemption,
in order to provide a coherent and adapted programming model.
Esterel is the result of the research of project MEIJE, a joint project
with the Center for Applied Mathematics of the École des mines de
Paris at Sophia Antipolis. It is a synchronous language of imperative
type adapted to the programming of control dominated systems.
The fields of application of Esterel are mainly in the design and devel-
opment of critical on board software, but also in electronic circuit design.

The behavior of an Esterel program is formally defined by a mathemat-
ical semantics. A program is compiled into a system of Boolean equa-
tions with memories, a model traditionally associated with synchro-
nous digital circuits through logical gates schemes. This translation
allows for direct synthesis of electronic circuits or program synthesis
by equation sorting and direct translation into C. It can also be inter-
faced with numerous logical optimization, verification and formal anal-
ysis systems that are integrated into the design process. Cyclic cau-
sality issues inherent to the synchronous paradigm are also resolved.
Finally, it is possible to expand the code at will into a finite state machine.

Paul Zimmermann

Claude Samson

Cyril Soler



INFORMS Prize 

François Oustry, Research Officer at INRIA Rhône-Alpes (project
NUMOPT), was awarded the INFORMS Optimization Prize for Young
Researchers. The Institute for Operations Research and the
Management Sciences is an international organization of academics
and industry researchers. 

During the 11th French-Speaking Meeting on Parallel Architectures
and Systems (Rennes, June 8 - 11. 1999), the IEEE prize for the best
presentation was awarded to Claude Tadonki. Claude Tadonki is
currently working on a doctoral thesis under the joint direction of
Maurice Tchuente (Cameroon) and Bernard Philippe
(project ALADIN(1) at INRIA Rennes) at the universities of Yaoundé 
and Rennes 1. The title of the award-winning presentation was
“Recurrent Equations and Parallel Algorithms for the Multiplication
of a Vector by a Tensor Product of Matrices.”

Seymour Cray Prize
Numerical Simulation Category  

Four researchers from project IDOPT(2) (a joint project INRIA Rhône-
Alpes - CNRS - University Joseph Fourier - INPG), Eric Blayo,
Jacques Blum, François-Xavier Le Dimet and Antoine Pham,
have obtained the first prize with three researchers from the
Grenoble Laboratory for Geophysical and Industrial Flows, Pierre
Brasseur, Jean-Marc Molines and Jacques Verron, for their
work on data assimilation for the numerical simulation of oceanic 
circulations.

The second prize went to Antoine Chaigne (ENST), Francis
Collino, Leila Rhaouti and Patrick Joly from project ONDES(3),
INRIA Rocquencourt. Their work concerns the visualization of waves
in and around a musical instrument, the kettledrum. A copy of the
award-winning film can be obtained upon request at the Scientific
Information and Communication Service: multimedia@inria.fr.

The “Young Researcher in Simulation” prize of the 1998 Seymour
Cray Competition was awarded to Cyril Soler for a work carried
out under the direction of François Sillion (project iMAGIS(4),
INRIA Rhône-Alpes) in computer generated images. The work
concerns a computational technique for progressive shadows based
on convolution operators. An error control algorithm based on 
a perceptual criterion not only makes it possible to obtain shadows
of very high visual quality in very short times, but also to 
continuously adapt the precision of the computation depending on
the needs of the user. This method produces global lighting simula-
tions that take into account extremely fine shadow details in inter-
active processing.

1999 Michel Monpetit  Prize 

The prize was awarded to Claude Samson, Research Director 
at INRIA Sophia Antipolis, for his remarkable contributions to the
mechanical and mathematical modeling of complex, for instance leg-
ged mobile, robots and their control and stabilization, which is 
a source of difficult nonlinear mathematical problems.

Cryptographic challenges

The RSA-155 challenge: Paul Zimmermann, Research
Director at INRIA Lorraine, contributed to breaking a 155 digit
key during a challenge proposed by the American company RSA.
This key is comparable to those often used in electronic com-
merce transactions. An equivalent of 30 to 40 years of computer
time was put together by researchers from five other countries
using 300 machines.

The Certicom challenge: An elliptic 97 bit key proposed by the
Canadian company Certicom was broken by Robert Harley
(project CRISTAL, INRIA Rocquencourt), with the help of 195
Internet users. The computation demonstrated a level of com-
plexity higher than that of the RSA-155 system.

Prizes and Awards

Claude Tadonki François Oustry

(1) ALADIN: Irisa joint project with CNRS, the University of Rennes 1 
and Insa Rennes

(2) IDOPT: Joint project with IMAG (CNRS, INPG, UJF)

(3) ONDES: Joint project with the SMP laboratory (CNRS and ENSTA)

(4) iMAGIS: Laboratory GRAVIR, joint project with CNRS, l’INPG, l’UJF
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Scientific Information 
and Communication 

Communication

During the past year, communication and diffusion of scientific
information brought about new achievements. Multimedia
publishing and the Web, live demos during shows as well as
virtual demos on the Internet, films, CD-Roms and DVDs, 
all contributed to make the Institute’s activities better known.

Regarding publishing and the Web
After three years of existence, INédit, INRIA’s external newsletter, was
evaluated by its readership. This evaluation turned out to be very positi-
ve. It resulted in a slight evolution of the printed layout and a project of
extension of the electronic version. An impact study confirmed that
INédit kindled contacts and even sometimes collaborations with exter-
nal partners. 

A new achievement is an information note called Les Télégrammes de
l’INRIA. This note presents INRIA news to the ministries in charge and
to the members of Parliament interested in Information and
Communication Science and Technology. 

INRIA’s Strategic Plan is accessible in hypertext form on INRIA’s Web
site. Easy navigation within the text makes it possible to effortlessly
reach the numerous sites and documents quoted. It is also possible to
access information directly by using full-text search. 

Concerning scientific publishing, a new version of the activity report of
the research projects was posted on the Web. The new version provides
for personalized editing depending of the reader’s centers of interest
and, in addition to full-text search:
● dynamic contents in the margin for easy transversal navigation;
● “encyclopedic” keyword search;
● a binder that can be used to temporarily store pages selected on the

fly, to be later edited as a HTML or PostScript document. 
The Institute’s research and technical reports are available on CD-Rom.
Two CD-Roms were published, one for the reports issued before 1998,
and the second for the 1998 reports and the activity report in HTML. The
1999 reports are currently being published.

Registration of brain data: overlapping 
of right central sulci from six individuals.
Project VISTA 
Irisa joint project with CNRS, 
the University of Rennes 1 and Insa Rennes

The sequence of conferences “Research Live: Information and
Communication Science and Technology” was continued and met with
success until June 1999. The conferences were organized in partnership
with the Cité des Sciences et de l’Industrie and the La Recherche magazine.
INRIA Sophia Antipolis rescheduled part of the conferences for the local
audience.

TEC’99
INRIA’s stand at the 6th European Meeting 
on new comunications technologies, Grenoble,
October 12–14, 1999.



Another 1999 achievement which is continuously growing is the Virtual
Demonstration Center. This Center is a portal to access the various rea-
lizations proposed by INRIA research-ers: interactive demonstrations,
demonstration software and video presentations. These realizations are
classified by scientific theme and by research unit.

● INRIA is also present in targeted events to show its activities. 
For example, during the SuperComputing ’99 exposition (Portland,
USA, November 1999), projects OASIS and CAPS presented high per-
formance computing demonstrations on four workstations.

TSF: a tool to aid in porting code to high performance archi-
tectures, 
CORBA: an executable for programming with parallel soft-
ware components,
ProActive PDC: a Java proactive library for parallel, distrib-
uted and concurrent computing,
C++//: a library for distributed and parallel C++, 
Semantics and interactive environment in Java:
Java Card development and simulation environment. 

A description of the projects and their demonstrations were gathe-
red together on a CD-Rom that was handed out to the visitors of the
stand. A video was shown that briefly presented an overview of the
Institute’s activity in the field. 

INRIA also participated in the tenth anniversary of ERCIM in
Amsterdam, November 1999. Two conferences on open software and
technology transfer, and a presentation of Cycab, an electric urban
vehicle, were high points of INRIA’s contribution to the event. The
Institute was also very much involved on the making of a CD-Rom
presenting the activities of the fourteen research institutions asso-
ciated in the European consortium. The CD-Rom features interactive
presentations, videos and interviews to give a rich and dynamic 
outline of the research that is being carried out. 

● Following up on new technology for scientific and technological
communication and information is a task that remains at the core
of our mission. In 1999, a new kind of multimedia document was
experimented on, based on a scientific conference held at the Cité
des Sciences et de l’Industrie in the framework of the “Science
Live” series of conferences organized by INRIA on the theme
“New Images, New Networks” from November 1998 to June 1999.
This document makes use of a recent technology, SMIL, a standard
put forth by the W3C, that can be distributed on the Web or on 
CD-Rom. SMIL (Synchronized Multimedia Integration Language)
makes it possible to describe Web documents whose objects are
synchronized. 

● A first DVD was made on Loria. The film obtained the Grand Prize
of the ’99 Researcher Film Festival in the category “Illustrating
Research for Industry.”
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INRIA also proposes speakers for the TV series “Words of Math” on
the La Cinquième channel. These scientific culture programs are
intended for a very wide audience. The first showing was on numer-
ation and featured a young scientist talking about the binary system. 

The TEC ’99 show was the 6th european forum on technology and
competitiveness, held in Grenoble, October 12-14. It was a great
success with 7,000 visitors. INRIA was present at the exposition and
the conferences. One of the conferences was chaired by Jean-Pierre
Verjus, Director of the Rhône-Alpes Research Unit. It brought to-
gether scientists and industry representatives to debate on two
themes: the networks, the future of the Web, their social and eco-
nomic impact; imaging, simulation and virtual reality. 

● Concerning internal communication, a resource center is being
progressively set up. This center will propose the Institute’s admin-
istrative communication, news from the research units and a set of
administrative procedures on Intranet. A set of practical guide-
books, INRIA reference documents and administrative texts is
already available.

● The diffusion of scientific culture is also an increasingly important
aspect of communication at INRIA. One of the ways of achieving
this mission is to participate in technology shows and expositions.
In 1999, INRIA participated in the following events: 

On the occasion of the Week of Science in October, researchers from
INRIA Sophia Antipolis presented virtual surgery, medical robotics
and 3D imaging for paleo-anthropology. 

The film “3D Imaging and Paleontology” was made for the “Homo
Erectus” exhibit of the Musée de l’Homme (March 1999 - April 2000).
The film describes a new 3D method for the visualization of the mor-
phological differences between the skull of the Modern Man and that
of the Tautavel Man. A result of a multidisciplinary collaboration be-
tween paleo-anthropologists, radiologists and computer scientists
from project EPIDAURE, this method opens the way for new method-
ologies in the study of human evolution. The film was shown in the
cultural magazine Metropolis of the TV channel Arte. 



Main Scientific Events 
organized by INRIA

INRIA organizes or co-organizes many scientific events.
Following is a list of some of those of international status.

CG’99
15th European Conference on Computational Geometry

March 15-17, 1999,  Antibes, Juan-les-Pins, France.

Three prestigious invited speakers–Jeff Vitter, Duke University and
INRIA Sophia Antipolis; Bernard Chazelle, Princeton University and
École polytechnique; Jean-Marie Laborde, IMAG Grenoble–
presented the state of the art in their field. Vitter talked about the
so-called external memory algorithms, i.e., those for which there are so
much data that it does not fit into the computer’s memory. Chazelle’s
talk was on derandomization. Laborde spoke on dynamic geometry
with Cabri-géomètre. The 42 lectures given by the participants cov-
ered a multitude of subjects of interest to the community–graph
theory, arithmetic for geometry, algorithmics, geographic information
systems and reconstruction among others.

ECDL’99
Third European Conference on Research 

and Advanced Technology for Digital Libraries

September 22-24, Paris, France.

The conference gathered together experts in information search and
database, and Internet techniques researchers. The Internet and the
Web were presented as an infrastructure for digital libraries based
on the concept of Semantic Web.

FE’99
4th Conference on Fractals for Engineering

June 14-16, 1999, Delft, The Netherlands.

The conference brought together researchers and engineers inter-
ested in all areas of fractal analysis. The themes covered included
recent theoretical advances as well as industrial applications.
This was a particularly stimulating experience in terms of exchanges
between universities and industry. It was held in the framework of 
a partnership with the Technological University of Delft.

ISORC’99
2nd IEEE International Symposium 

on Object-Real-Time Distributed Computing

May 2-5, 1999,  Saint-Malo, France.

ISORC-99 is the second edition in a series devoted to object-real-
time distributed computing techniques. This is a fast growing field.
The purpose of ISORC is to extend the object-oriented computing
techniques that were prevalent in the past ten years to techniques
actually applicable to the different classes of real-time applications.

WCC’99
Workshop on Coding and Cryptography

January 11-14, 1999, Paris, France.

The first workshop organized by INRIA with support from the
Research Center of the Coëtquidan Schools attracted researchers
from all, theoretical or applied, domains in connection with coding
and cryptography: code theory, flexible decision decoding, cryptology
and cryptanalysis. 

RECOMB’99
Third International Conference 

on Computer Science and Mathematics in Molecular Biology

April 11-14, 1999, Lyon, France.

This conference was held in Europe for the first time and was orga-
nized by INRIA. Three hundred and twenty researchers of inter-
national status met in Lyons to take stock of the state of research in
the field of molecular biology. New subjects were discussed such 
as regulation mechanisms in gene expression or metabolic paths.
Protein geometry and applications to the design of new medicines
were also  much discussed.

PLI’99
Principles, Logics and Implementations 

of High-Level Programming Languages

September 27 - October 1, 1999, Paris, France.

This colloquium was composed of several international conferences
specializing in functional programming languages (ICFP) and declar-
ative programming languages (PPDP), and of a series of workshops.
The workshops were devoted to programming language design as
well as all the aspects of the chain from code writing to execution.
All phases of compilation were covered as well as the development
of the theoretical and practical tools necessary to formalize and
check these transformations and analyze the programs themselves.
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Principles of Distributed Database Systems
Tamer Özsu, Patrick Valduriez*
Prentice Hall, 666 pages, 1999

The second edition of this fundamental book on distributed database
systems presents the principles, the architectures and the basic
techniques of the field. The text was profoundly revised and modified
to take into account scientific progress and significant changes in the
field due to application to parallel computing, the Web and the data
warehouse. The author’s Web site provides associated course mate-
rial and a teaching aid.
* Patrick Valduriez, Research Director, CARAVEL project, INRIA Rocquencourt.

Tamer Özsu, Professor at the University of Alberta.

Random Walks in the Quarter Plane
Guy Fayolle, Roudolf Iasnogorodski, Vadim Malyshev*
Springer-Verlag, 160 pages, 1999

This monograph proposes original mathematical methods to deter-
mine the invariant measure for two-dimensional random walks in 
a domain with boundaries. Such processes present an interest for
several kinds of mathematical research. They appear in pure proba-
bility theory problems and in application to queue theory. Using
Riemann surfaces and boundary value problems, the authors pro-
pose entirely new approaches to solve functional equations in two
complex variables. Such methods can also be used to characterize
the transitional behavior of random walks in the quarter plane.
* Guy Fayolle, Research Director, INRIA-Rocquencourt, head of MEVAL project, 

Roudolf Iasnogorodski, Professor at the University of Orléans, 

Vadim Malyshev, Research Director, INRIA-Rocquencourt. 

Publication Selection 

The Functional Approach to Programming
Guy Cousineau, Michel Mauny* 
Cambridge University Press, 445 pages, 1999

A programming course should focus on the logical structure of the
programs rather than on code writing. The functional approach to
programming achieves this objective using obvious logical concepts
and transparent programs. The authors emphasize the concept of
function in connection with the usual mathematical and logical
concepts. They introduce functional programming using examples.
They show how to implement such ideas in Caml, a dialect of the ML
family.
* Guy Cousineau, Professor at the University of Paris VII, Michel Mauny, Research

Director, CRISTAL project, INRIA Rocquencourt.

Mesh Generation 
Pascal-Jean Frey and Paul-Louis George*
Hermès Science Publications, 842 pages, 1999

This book describes the various algorithms and data structures that
are useful in problems of triangulation and mesh generation. It
broaches on theoretical and more directly practical aspects. Mesh
generation includes meshing the boundary of a domain and meshing
the domain itself. Many other aspects are considered: mesh modifi-
cation, evaluation and optimization tools, adaptive mesh generation
and parallel computing aspects.
* Pascal-Jean Frey and Paul-Louis George, are respectively Research Officer and

Research Director, project GAMMA, INRIA Rocquencourt.

Design Patterns and Contracts
Jean-Marc Jézéquel, Michel Train, Christine Mingins* 
Addison-Wesley, 368 pages, 1999

This book presents how contract design and design patterns can 
be optimally combined to simplify the design of software that 
is maintainable, reliable and robust. After a reminder of the basics 
of contract design and an illustrator of its application in Eiffel,
UML/UCL and Java to implement classic patterns, the book shows
how such ideas can be used to solve important engeneering problems. 
* Jean-Marc Jézéquel, Research Officier at CNRS, project PAMPA, Irisa/INRIA

Rennes, Michel Train, Lucent Technologies, Christine Mingins Monasti University

Melbourne



Constrained Markov Decision Processes
Eitan Altman*, 
Chapman & Hall/CRC, 250 pages, 1999

Optimizing a single criterion for dynamical systems in engineering is
often insufficient to describe the actual objectives of the decision
process. The optimization of one goal accompanied with constraints
on the others is useful to understand the interactions. Controlled
Markov chains are capable of achieving this purpose. When a system
can be described by a finite number of states and a finite number of
decision makings, stochastic dynamic control problems are solved
using finite linear programming. More complex problems with infi-
nite state spaces are solved for costs that are bounded below or
when the dynamics and the costs admit uniform Lyapunov functions.
Under these conditions, approximations by finite linear programming
are obtained that can be used to compute the optimal value and poli-
cies.
* Eitan Altman, Research Officer, MISTRAL project, INRIA Sophia Antipolis.

Algorithmic Geometry
Jean-Daniel Boissonnat, Mariette Yvinec, Hervé Bronnimann*
Cambridge University Press, 519 pages, 1999

In many fields of applications, it is necessary to be able to construct
and efficiently process objects of a geometrical nature. Such fields
include, among others, robotics, computer vision, computer graph-
ics, medical imaging, virtual reality and computer aided design. 
The systematic study of geometric algorithms, their design and ana-
lysis is the object of algorithmic geometry–a relatively young disci-
pline that has known remarkable developments in the last few years.
This book presents the foundations of this discipline. The main geo-
metrical structures are introduced, polytopes, triangulations, arrange-
ments and Voronoï diagrams. A central place is reserved to rando-
mization, a probabilistic technique that leads to general, simple and
efficient methods. 
* Jean-Daniel Boissonnat, Research Director, 

Mariette Yvinec and Hervé Bronnimann, Research Officers, PRISME project,

Sophia Antipolis.

Engineering and Scientific Computing with Scilab
Claude Gomez* (Editor), 
Birkhaüser Boston, 512 pages, 1999

Scilab is an open and powerful software environment for engineer-
ing and scientific applications. This book describes in detail how to
use Scilab, its environment, programming language and integrated
graphics tools. The way users can add and integrate their own func-
tions is also explained. The numerous application toolboxes are
reviewed.
* Claude Gomez, Research Director, META 2 project, INRIA, Rocquencourt.

Learning Algorithms for Fuzzy Inference Systems
Pierre-Yves Glorennec*
Hermès Science Publications, 192 pages, 1999

Fuzzy logic presents several aspects. The aspect that is considered
in this book concerns the representation of knowledge in a directly
interpretable form using the fuzzy rules formalism. The problem is
how to express knowledge and how to update it based on experi-
ence. Answering these questions requires adequate parametric
representations and the use of constrained optimization methods. 
It then becomes possible to extract knowledge and automatically
optimize fuzzy rules starting from the numerical data available.
Fuzzy rule optimization has long been done empirically. Several opti-
mization, or learning methods have been proposed since the begin-
ning of the 1990s. Such methods are often based on neural networks
or genetic algorithms. They have the major drawback of not taking
into account the semantics of the fuzzy rules. Quite to the contrary,
the approach advocated in this book puts the emphasis on the char-
acteristics of fuzzy inference systems to deduce appropriate, simple
and high performance algorithms that guarantee the semantics
during the whole learning process.
* Pierre-Yves Glorennec, Professor at Insa Rennes and member of Irisa. 

Showing the 
“3D Imaging and Paleontology”
film within the Homo Erectus exhibition 
at the Musée de l’Homme, 
Paris, March 1999–April 2000
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Propagation of elastic waves in complex 3D media
in French, 13 min 30

Numerical simulation is a precious tool for computation and refined
understanding to interpret the signals recorded during an ultrasound
nondestructive control experiment.
The topic of the film is a numerical simulation of the propagation 
of elastic waves in 3D anisotropic media with or without defects
(cracks).

Pseudo-haptic feedback
in French and in English, 5 min 30

This film goes together with an article introducing a new concept of
haptic feedback (force or tactile feedback) in a virtual reality simu-
lation: pseudo-haptic feedback. Pseudo-haptic feedback is gener-
ated by coupling a peripheral with a force sensor and visual infor-
mation. The film presents psycho-physical tests that were used to
demonstrate the concept. The tests are experiments on the percep-
tion of the stiffness of virtual springs simulated using pseudo-haptic
feedback and the comparison with actual springs. 

Film Selection

Videotapes illustrate some of the subjects covered in the
annual report. They can be obtained at the Scientific
Information and Communication Service, Department of
Multimedia Scientific Communication  
(See page References at the end of the report)

Subject: What is Praxitèle ? 
Forward to Michel Parent 
in French, 28 min

Michel Parent, Research Director, speaks about his vision of the
research and development carried out within Praxitèle, an experi-
ment to relieve transportation and inner city traffic problems. Michel
Parent answers questions posed at INRIA concerning this transpor-
tation system and comments on the key images of the evolution of
the project between 1991 and 1999. 
Between the original idea and the marketing of fully automated elec-
tric vehicles are several teams, much research, wrong tracks and
prototypes and a fair amount of conviction and persistence.

A PC cluster for high performance 
computation.
Project PARIS
Irisa joint project with CNRS, 
the University of Rennes 1 
and Insa Rennes



Documentation Centers
A firm resolve to offer documentation at the highest level, increasing
costs of scientific publishing and a change in habits due to the
Internet, all these factors led INRIA’s documentation centers to 
systematically exploit electronic resources.
In addition to traditional activities, the documentation centers have
increased access to electronic documents. Stocks are also enriched
by sharing documentary sources. Contracts between INRIA and the
ACM on the one hand, and the OCL for INSPEC on the other, were
negotiated for all sites.

The table below sums up all journal subscriptions and the part taken
by electronic journals

In addition, around sixty free electronic journals were selected.
Subscription to online bibliographies
● INSPEC for the whole of INRIA,
● MathScinet for Rocquencourt,
● Compact-math for Grenoble, Nancy and Sophia.

Furthermore, the documentation centers offer the texts of approxi-
mately one hundred conferences online on Intranet.
In certain centers, readers also have bibliographic and encyclopedic
CD-Roms at their disposal (INSPEC, MathSci, CompuMath,
Encyclopedia Universalis and so on).

Center specific Web pages were completed by joint pages for easy
Intranet access to the electronic journals, Calliope services and
conference proceedings on CD-Rom. Users may access more docu-
ments by querying the whole stock over the Internet.
Article digitization on demand in the framework of Calliope, a ser-
vice already offered in the Grenoble and Rennes centers, was extend-
ed to the INRIA Lorraine center. The extension will be continued to
cover all the sites.
Regular and adapted training sessions succeeded in making the
whole set of documentary resources known to all INRIA personnel.
Researchers, doctoral candidates and project assistants have learn-
ed to query the catalogs and bibliographic databases, use Calliope
and navigate on the Web pages intended for their use to directly look
for documents.

The librarians also performed training sessions for:
● DEA students (Universities of Nice Sophia Antipolis, Nancy);
● in the framework of IST training (Scientific and Technical

Information DESS, DUT in documentation at the University of
Nancy);

● during professional meetings organized by the ADBS;
● in the network of business schools at Grenoble.

The documentation centers participate collectively or separately 
in the following national or regional professional networks:
● associated center of the BNF (Bibliothèque Nationale de France);
● RNBM (network of mathematics libraries);
● MATHDOC Unit (National Documentation Coordination Unit for

Mathematics), University Joseph Fourier, Grenoble, and CNRS;
● Doris-Loris users group;
● ADBS (Lorraine, PACA, Rhône-Alpes);
● Ile de Science documentation committee;
● Documentation council of the SCD of the Henri Poincaré University;
● Documentation council of the University of Nice Sophia Antipolis;
● Grenoble European pole;
● “Eastern France Virtual Library” working group.

Journal subscriptions

Grenoble Nancy Rennes Rocquencourt Sophia

Total subscriptions 35 195 220 480 335

Electronic journals 10 60 65 170 130
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Staff

Since 1986, permanent staff members of INRIA have the
status of civil servants of a public establishment of scientific
and technological character (EPST). The body of researchers
includes research officers on the one hand, and research
directors on the other. The competitive examination for
recruitment is organized on the basis of qualifications and
work undertaken at the doctoral thesis level (8 years of
higher education) and/or a diploma from an engineering
University.  Researchers who have successfully passed the
RO2 or RD2 examination are assigned to research proj-ects.
There are several categories of engineers, technicians and
administrators. 

The table below gives a breakdown of the various categories
of officials:

Resources 

Permanent positions at INRIA

Budgeted Staff
positions present
1999 Dec. 1999

Researchers 346 332
Research Directors 140 134
Research Officers 206 198

Engineers, Technicians, Administrators 398 389
Research Engineers and 
Research Administration Executives 109 94
Design Engineers and
Research Administration Attachés 78 77
Assistant Engineers 49 46
Research Technicians and
Administration Secretaries 106 124
Assistant Technicians, Technical Officers
and  Administration Assistants 56 48

Functional Positions 3 3

Total 747 724

Human and 
Financial Resources

In addition to this civil servant personnel, there are non-statutory
staff remunerated  in particular on self-financing resources. The high
number of engineering consultants is due to the importance of
contract work.

Non-statutory staff 
Staff remunerated as of December 1999 (excluding trainees)
Doctoral Fellows 205
Post-Doctoral Fellows 53
Engineering Consultants 105
Scientific and External Consultants 37
Foreign Visiting Professors and Researchers 11
External Collaborators 45
Temporary Staff 51
Miscellaneous (CES, CEC, CEV, apprentices, etc.) 37

Total 544

Human resources 
Persons present (excluding trainees)

including 
present remunerated

as of 31/12/99 by INRIA *

INRIA Civil servants 724 724
Post-docs and Staff under contract 256 246
Doctoral Candidates 550 205
External Collaborators, Consultants,
Visiting researchers 660 93

Total 2,190 1,268
* totally or partially

The next table shows the evolution of INRIA’s budgetary positions
during the last five years.

Evolution of INRIA’s budgetary position
Permanent positions

Year Researchers E.T.A.* Total*
1995 315 389 704
1996 325 388 713
1997 327 388 715
1998 341 396 737
1999 346 401 747
* including the three functional positions

3D architectural model reconstruction based
on a sequence of 24 images.
Project ROBOTVIS 



Staff by region

In 1999, INRIA’s research programs were carried out by more than
1,650 scientists (permanent researchers, external collaborators,
professors, researchers from other institutions, etc.), including
approximately 550 doctoral candidates.

Total amount of personnel involved in research project

as of December 31, 1999

Scientists E.T.A./CDD Total
(including doctoral candidates)

Lorraine research unit 340 (125) 73 413
Rennes research unit 264 (107) 79 343
Rhône-Alpes research unit 270 (96) 56 326
Rocquencourt research unit 381 (132) 122 503
Sophia Antipolis research unit 319 (73) 74 393

1999 budget 

The budget of the Institute amounted to MF 550.4, exclusive of tax,
including government subsidies of MF 420.2 and MF 130.2 of self-
financing resources. The breakdown by site was as follows:

Regional allocations 
for the 1999 INRIA budget

Lorraine research unit 8.8 %
Rennes research unit 12.4 %
Rhône-Alpes research unit 6.3 %
Rocquencourt research unit 31.0 %
Sophia Antipolis research unit 17.8 %
Headquarters and common services 23.7 %
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Computer Resources

The objectives
In order to achieve the Institute’s objectives, the structure of computer
resources is mainly geared toward providing all of INRIA’s personnel
with high performance technical equipment that is adapted to the
various needs, in particular fundamental and applied research, devel-
opment, management and desktop computing.

The means
On each site, the management and exploitation of the computer equip-
ment is handled by computing departments, comprised of nearly one
hundred engineers and technicians. Toward the end of 1999, the enti-
rety of computer equipment represented more than 2,500 Unix work-
stations/servers, more than 700 microcomputers (mainly PCs) and 
a total investment of nearly MF 40. All the computer facilities form a
part of a distributed yet highly cooperative organization based on very
high speed local communication networks (switched Ethernet 
10 Mb/s, 10/100 Mb/s and 1,000 Mb/s) and on Renater, the national
research network, for national and international communications.
Toward the end of 1999 the completion of the migration to Renater 2
and the establishment of new city networks in Nancy and Grenoble 
in particular led to a significant improvement of Internet connection
speeds on INRIA sites.

The general framework
The general principles are as follows:

The Cenju4 supercomputer 
installed at Irisa-INRIA Rennes
in the framework of a NEC corporation



● priority to applications versus technology, which implies more open-
ness to heterogeneous hardware and software configurations;

● an even more cooperative organization of computer resources that
will be able to best follow important technological developments;

● diffusion of better integrated workstations, more suited to mobile
work;

● very high speed communication networks compatible with local 
networks in the Research Units and the national interconnection
infrastructures;

● a wider diffusion of multimedia applications to facilitate cooperative
work;

● the extension of the integrated information system already in place;
● reinforcing computer security.

Specific 1999 achievements
The renewal of the workstation stock on all sites to maintain a high
technological level predominantly involved PC-Intel platforms running
under Windows NT or Linux. Linux support became an important ele-
ment of the architectures installed for research purposes. Better inte-
gration of portable equipment in the global environment in terms of
updating, backup and synchronization was also addressed. The same
applies regarding the interoperability and complementarity of the Unix
and Windows environments, for example through dual-boot Linux-
Windows PC systems.

Concerning networks and communications, the main improvements
were:
● the progressive transition of local communication infrastructure from

10 to 100 Mb/s;
● the operational use of the 1,000 Mb/s Ethernet technology on certain

sites and study thereof on other sites, to establish a federative net-
work;

● computer security was strengthened through the adoption of pre-
ventive measures (installation of firewall machines) and the study 
of cryptographic systems;

● the continued expansion of AFS (in particular on the Rocquencourt
site) and the expanding cooperation between the Rocquencourt and
Grenoble units on this system;

● Intranet use was generalized, numerous internal and external 
servers were set up and the associated tools were distributed.

Visualization of a structural geological model with wells
in an immersive virtual environment.
Image: Arco/T-Surf. project ISA
Loria joint project with CNRS, the Henri-Poincaré and
Nancy 2 Universities and INPL
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Research 



The 1999 edition of the report offers 
a different view of the research carried out
at the Institute through a series of articles
by Isabelle Bellin, a journalist 
specializing in scientific issues. 
By highlighting ten specific research
themes, while not claiming to be exhaustive,
these articles clearly demonstrate 
the diversity and originality of the work
carried out at INRIA.

38 Embedded computers 
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42 Constraint Resolution
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Communication Architectures
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Embedded computers
at the core of automobiles

er at INRIA Rocquencourt, is the coor
dinator of the project’s technical commit-
tee. In addition to bringing in its exper-
tise in the formal approach to specifica-
tion, verification and optimization, INRIA
coordinates its various teams in the frame-
work of a multidisciplinary research 
program which is also called AEE.

Three teams (EP-ATR, MEIJE from INRIA
and TRIO from Loria) are participating in
the development of a specification lan-
guage for  embedded electronic archi-
tecture. This language is called AIL for
Architecture Implementation Language.
Its goal is to help designers build, vali-
date and size the hardware architectures
(microprocessors, computers and com-
munication networks) as well as the soft-
ware architectures (basic software and
applicative software like control laws,
i.e. engine or brake control). This must
be done in such a way that a client’s
choices are faithfully translated into
hardware and software terms for the
equipment manufacturers. Using an
“object” (an elementary component of
the architecture) approach, researchers
describe the  distributed architecture in
the equipment manufacturers’ language
and check the  dependability of its real-

time operation. This kind of modeling has
now become indispensable to allow for
information sharing between car and
equipment manufacturers. In addition,
such modeling provides for an accumu-
lation of expertise and favors indepen-
dence in terms of hardware and soft-
ware development.

Indeed, many  mechanical functions in 
a car can be controlled via automatic
control. This is the case of the wipers,
braking system, triggering of airbags
and air conditioning, just to mention a
few. The part of  embedded electronics in
the total cost of a car is already between
20 and 25%, and can even reach 35% 
for cars equipped with a computer aided
driving system. If this is to be a clearly
continuing trend, in particular in terms of
improving safety and comfort, what is
now at stake is increasing reliability
while  minimizing costs. Development of
new  softwaretools are necessary to
master the embedded real-time applica-
tions developed in collaboration with the
car and equipment manufacturers. This
is one of the objectives of the national
project on Embedded Electronics
Architecture (AEE) launched in
September 1998 by the Ministry of
Industry. This substantial project brings
together large industrial conglomerates
(GIE PSA-Renault, Aerospatiale-Matra,
Sagem, Siemens Automotive SA, Valeo)
and research teams from INRIA, IRCyN
(CNRS research unit associated with the
École centrale de Nantes, the University
of Nantes and the École des mines de
Nantes) and Loria (Lorraine Laboratory
for Research in Computer Science and
its Applications). Yves Sorel, a research-

Computer aided driving, security and comfort are the catchwords 

of  embedded electronics. With dozens of computers, a computing power

comparable to that of the first Airbus planes and several 

multiplexed networks, the complexity of the electronic architecture 

is increasingly posing problems of  dependability and optimization.

For complex applications involving many parties,

specification must be precise and without ambiguity.

Another major concern is communication, 

exchange of data and synchronization between 

the various computers and microprocessors 

using distributed software. 



In this context, projects PAMPA and
HIPERCOM are developing validation,
verification and  dependability methods
for software and hardware architectures
using modeling and simulation. Tools that
make it possible to automatically per-
form such testing in an industrial frame-
work are being designed. 

Optimizing the  embedded electronic sys-
tem is of paramount importance in a
market as competitive as the automobile
market. Hardware and software must be

defined in a consistent and optimal
fashion so that programs can run in real-
time using a minimal amount of space
and energy. In this framework, the
SOSSO team participates in the develop-
ment of placement methods to optimally
adapt software to hardware. Researchers
also contribute to the definition of the
standard components of the software
and hardware architecture. 

The ECOO team participates in the defini-
tion of the development process by adapt-
ing its cooperation models to apply them
to the collaboration between the various
manufacturers involved in the develop-
ment of a vehicle.

Thus, the Institute was at the origin of 
a wide ranging national project initiated
in 1997 and called “The automated road”
(Lara), in collaboration with INRETS
(National Institute for Research 
on Transportation and Safety), the
Laboratoire central des ponts et chaus-
sées (LCPC), the École supérieure des
mines de Paris, the École nationale des
ponts et chaussées and the École natio-
nale supérieure des télécommunica-
tions. The long term goal (over thirty
years) is to develop driving aid and auto-
mation tools both for vehicles and infra-
structures. A testing laboratory called
LIVIC was opened this year on the
Satory site in Versailles, boasting 4 kilo-
meters of tracks. It is in the framework
of these activities that INRIA jointly
obtained a European contract (Carsense)
with INRETS and LCPC, in partnership
with industry (Renault, Fiat, BMW,
Thomson, Lucas, IBEO and Jena) on
embedded perception in road vehicles.
In both Carsense and Lara projects,
INRIA is interested in surroundings per-
ception techniques via image processing,
radar, lidar and sonar, and the utilization
of such data. The goal is to deduce a per-
ception of the vehicle’s surroundings,
identify the obstacles, compute the posi-
tion of the vehicle and so on from the
data. Software to precisely determine
the position of a vehicle in a city was
developed at Sophia Antipolis and will 
be tested next year. Images taken from
the vehicle are compared with images
previously taken approximately every
100 meters. The precision of locating 
a vehicle could achieve an accuracy of 
a few centimeters.Researcher contacts:

AEE: Yves.Sorel@inria.fr
Lara: Michel.Parent@inria.fr
TRIO (1): Francoise.Simonot@loria.fr

(1) Loria joint initiative with CNRS, the Henri-Poincaré and Nancy 2 Universities and INPL

Along another line of research, INRIA has been

developing driving aid and automation 

techniques since 1994. 
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As opposed to “serial” robots that in-
volve a sequence of articulations and rigid
segments that control displacements
and orientations in the three dimensions
of space, the limbs of a parallel robot are
independent from each other and
connected to a common base. Studying
this kind of geometry requires the use of
complex mathematical theories, primari-
ly effective algebraic geometry. This is
project SAGA’s private domain. To better
understand the interest of parallel
robots, let us mention two recent
examples of applications studied by this
team. The first example is from industry
and concerns a high-speed, 6 degrees 
of freedom machining tool developed in
collaboration with a small company, 
the Compagnie Mécanique des Vosges
(CMW) and project POLKA of Loria, who
brought their know-how in polynomial
calculations to model the mechanical
system and simulate its kinematics. This
machine is one of the rare functional
such machines in the world. It was mar-
keted toward the end on 1999. It can be
used to machine parts of several tons
with micrometric precision. The second
example concerns endoscopic surgery
which makes it possible to operate
either through natural apertures or
through mini-incisions of a few milli-
meters in diameter. Using a centimeter-
wide robot placed at the head of the
endoscope, the precision of the sur-
geon’s remote controlled movement can
be refined down to the micrometer. 
A prototype is forthcoming.

If robots have definitely taken over certain industrial sectors, such as car manufacturing or 

the nuclear industry, we are still a far cry from a world peopled with automata that some may dream of.

Applications are nonetheless not lacking... but robots are progressing at a snail’s pace, 

perhaps because of their complexity.

Let’s imagine a robotic latest fashion
show. To be sure, we would see remote
controlled robots wielding surgical in-
struments, parallel robots demonstra-
ting precision and freedom of movement
or yet humanoid, possibly biped, robots
marching or climbing stairs. This is
because there are definitely two ways of
considering robotics. On the one hand,
the point is to try and improve human
performance by taking advantage of the
mechanical or computational power of a
machine. On the other hand, more gener-
ic robots can be designed that can be
programmed for various tasks or even
be autonomous and endowed with an
artificial intelligence. In addition, as
opposed to human beings who develop
specific capabilities such as sports,
manual and intellectual capabilities,
based on a single anatomy, the human
body, nothing could be more different
than two different robots. Depending on
their purpose, the programming and
geometry of two robots will be radically
different.

Robots
at your disposal

This geometry is especially complex 

in the case of “parallel” robots, 

the new architecture that has been 

the craze for a few years. 



In this context, researchers from the
CHIR team – which currently transver-
sally gathers projects  ROBOTVIS, EPI-
DAURE and PRISME – are interested in
the integration of various computer and
robotic tools that can involved before,
during and after a surgical operation.
The case of heart surgery is being stud-
ied with Professor Carpentier of the
Hôpital Broussais using the Da Vinci
robot designed by an American company,
Intuitive Surgical, Inc. The objective is to
improve the reliability and precision of
the operation by planning and simulating
the robotized surgical procedure using
reconstructed organ models obtained in
particular by geometric computations,
computer vision and medical imaging
techniques. Such modeled images can
then be superimposed over the actual
images during the operation. Software
safety is obviously a primary concern. To
validate a certain number of logical prop-
erties, the team makes use of formal
techniques that are integrated into the
real-time control/command environment
developed at INRIA.

The constraints related to walking –
impact and discontinuous ground contact
– require specific command laws. The
BIP team is interested in biped robots
for the simple reason that such robots
are naturally adapted to human surroun-
dings. You only have to think about the
difficulties of moving in a wheelchair to
be convinced of that. BIP 2000 will be
presented at the Hanover world fair. The
robot has a human-like trunk and legs.
This is no accident since its geometry
was defined based on anthropomorphic
data in order to simulate walking. BIP
2000 is one of its kind. Its originality and
performances are also due to its mecha-
nical design featuring 
15 degrees of freedom made possible 
by ankle, knee and hip articulations. 
BIP 2000 could thus be of interest to 
bio-mechanical engineers, among others.

Researchers from project ICARE are
working on new command methods for
low energetic cost control of walking or
running robots, automatic driving of
road, airborne or underwater vehicles,
or the automation of the parking maneu-
vers of a Cycab type electric vehicle. Just
like other INRIA teams, as well as other
robotics departments around the world,

their work is a contribution toward
taking up one of the main challenges of
robotics–autonomy. Autonomy requires
a study of how to use such perception,
exploration and location tools as ultra-
sound captors, cameras and laser tele-
meters at the command level.

In this framework, robotics is a prefer-
ential field of applications for the resear-
chers of the MAIA team who are interes-
ted in artificial intelligence. The team is
developing perceptive and cognitive
models, either in pure modeling or by
drawing inspiration from animal deci-
sion-making models in termites, ants and
certain spiders. The team is evaluating
such models for robots. Indeed, auto-
nomy also implies possible cooperation
between several robots, for instance in
building monitoring tasks. In addition,
such models are generic, which makes it
possible to use them in applications
other than robotics. They can be used for
example in telemedicine for assistance
to persons subjected to dialysis at home.
Depending on various physiological and
medical parameters supplied by the
patient, a decision to call or not to call
the doctor is made. Still in the medical
field, systems for automated anesthesia
are under development.

Researcher contacts:
BIP: Bernard.Espiau@inria.fr
ICARE: Claude.Samson@inria.fr 
CHIR:  Eve.Coste-Maniere@inria.fr
MAIA (1): François.Charpillet@inria.fr 
SAGA: Jean-Pierre.Merlet@inria.fr

(1) Loria joint initiative with CNRS, the Henri-Poincaré and Nancy 2 Universities and INPL

The surgical conditions in mini-invasive surgery

using such remote controlled systems 

in which a robot reproduces the surgeon’s movements,

can be further improved. 

This environment, called ORCCAD, is also

used in the framework of the BIP 2000

biped walking robot project conducted 

in collaboration with the Laboratory 

of Solid Mechanics in Poitiers. 

However, beyond these captors for the

surroundings, autonomy strictly speaking

has to do with robots with decision-

making capabilities, to avoid for example

an unforeseen obstacle or to be able 

to manage its own computational resources.
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Constraint 
Resolution

This is the approach advocated by project
NUMOPT, thus drawing the benefits of its
experience in numerical optimization. A
software was developed for three years on
behalf of EDF for the optimization of the
electricity production using a Lagrangian
relaxation algorithm developed at INRIA.
Middle term optimization (from one week to
one year) is already operational to estimate
production costs profiles. Day-to-day man-
agement is currently being implemented.
François Oustry, a member of the team, was
doubly honored this year for his work on
combinatorial optimization using continuous
algorithms, in particular the positive, semi-
definite relaxation of combinatorial pro-
blems.

Each variable can take a certain number of
values (a domain of values) and each
constraint limits the domain. This can be
used above all to associate any kind of rela-
tion with the constraints. In this field, proj-
ect PROTHEO has developed a transporta-
tion planning prototype for handicapped
people in the framework of a collaboration
with the GIHP-Champagne (Group for the
Integration of Physically Handicapped
People) initiated in 1996. The prototype is a
computation engine capable of managing a
fleet of vehicles and their drivers, whose job
is to take handicapped persons to a given
destination upon request. This problem 
is more complex than it seems since 

Optimizing using mathematics

Optimization is keen on the most complex problems, like planning airport traffic, computerizing the time-
table of a railway station, managing stocks, schedules or the allocation of telecommunication frequencies.
The objective is always the same – to find the best solution(s) as fast as possible.

“A well formulated problem is already half-
way solved.” This is certainly true for opti-
mization techniques for which the choice of
variables, the constraints that are associa-
ted with them and the algorithms used to
model them are obviously essential. To sim-
plify things, continuous problems, such as
the modeling of meteorological phenomena,
come under numerical optimization. The
variables are real numbers, the constraints
can be linear or nonlinear numerical
constraints as well as symbolic constraints,
for example conditions on the variables.
Combinatorial optimization on the other
hand is concerned with discrete problems
where only finite and in general integer
values are allowed, with numerical
constraints in general. One INRIA start-up,
ILOG, became a world leader in combina-
torial optimization. The Institute has a solid
experience in this field, which is now 
superseding, in certain cases, the numerical
techniques used up to now in operations
research.

it requires the simultaneous processing of
many variables. The prototype is able to plan
one day, i.e., approximately 400 requests, 
in 20 seconds, whereas the equivalent of 
6 hours of work was necessary before. 
The GIHP integrated this computation engine
in the Scheduler tool and will soon mar-
ket it. This experiment fits into the research
carried out by the team on the symbolic 
processing of constraints-rewriting rules,-
strategy formalization and study to guide
constraint handling and transformation,
combining solvers of different kinds or on
different domains.

An original approach consists in applying

methods of continuous optimization 

to combinatorial problems. 

The simplex algorithm is used classically

in combinatorial optimization. 

It is however poorly adapted to integer

variables. One of the methods that is

being studied intensively nowadays 

is based on “constraint propagation.” 



Researchers from project LOCO have devel-
oped an extended version of the PROLOG
programming language that integrates a
library to deal with constraints on a finite
domain. This version, called GNU-PROLOG,
has been posted on the Web since April
1999 and has met with great success.
Additionally, the team has developed a par-
ticularly innovative software for flexible
constraints (i.e., in a schedule, a time
constraint that is preferable but not compul-
sory) and over-constrained problems, which
is often the case in scheduling. Instead of
using Boolean, 0 and 1, valued constraints,
they have implemented constraints with
values in half-rings. The software CLP(FDS)
is also freely available on the Web since the
first semester of 1999. Finally, researchers
have designed a debugging software for
constrained logical programming systems

in the framework of the DISCIPL Esprit
European program, in which participated
French companies specializing in such 
tools (COSYTEC and PROLOGIA) as well 
as Belgian, Spanish, Italian and Swedish
partners. 

Researchers from project SLOOP are devel-
oping advanced exact algorithms to give 
the optimal solution, approximate algo-
rithms to find the solution up to a given pre-
cision, or random algorithms to find the op-
timal solution with a certain probability,
depending on applications. During a
contract with Alcatel Space Industries, they
thus contributed to the optimization of the
number of switches loaded on satellites.
Such switches are used to route p audio or
video signals through p arbitrary amplifiers
taken among p+k amplifiers, thus tolerat-

ing k amplifier failures. By optimizing circuit
design, their work, which was patented
toward the end of 1998, made it possible 
to cut down the number of switches by 20%.
In the field of optical networks, the team
devised a polynomial time algorithm to avoid
the wavelength conversions that were up 
to now necessary for “multicast” communica-
tion, i.e., to several users. This work 
was in the framework of a RNRT project
with Alcatel and France Télécom.

Researchers contacts:
LOCO (1): Francois.Fages@inria.fr
NUMOPT: Claude.Lemarechal@inria.fr
PROTHEO (2): Eric.Demonjoud@inria.fr
SLOOP (3): Afonso.Ferreira@inria.fr

(1) Joint project with the University of Orléans

(2) Loria joint project with CNRS, the Henri-Poincaré and Nancy 2 Universities and INPL

(3) Joint project with CNRS and the UNSA

Another approach to constraint propagation

is based on domain reduction concurrent

algorithms. 

Classical algorithmic methods and discrete

mathematics can also be used to design

and simulate telecommunication networks. 
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Tame mobility

Wireless
Technology

The same principle could be applied bet-
ween the various members of a rescue
team in a search party, in a surveillance
situation or to let mobile robots commu-
nicate with each other. In this type of
architecture, as opposed to ad hoc net-
works, exchanges are direct, without any
intermediary. To be able to predict the
duration of a communication, the proto-
cols that are being developed must give
precise information on the location of
the devices, their trajectory and their
broadcasting power. The team is now
working on the design of various compo-
nents of a SIS architecture.

accommodates speeds close to 25
Mbits/s, which is far more than its com-
petitor, the IEEE 802.11 standard, which
now allows for only 2 Mbits/s but will
soon be extended to 10 Mbits/s. The only
modems marketed today follow the IEEE
802.11 standard. The team is thus testing
their network architecture on this kind of
hardware on the 2.4 GHz radio band and
with throughput limited to 2 Mbits/s. The
architecture will also be tested in the
framework of another INRIA project on
remote controlled vehicles. This kind of
wireless local network is also interesting
for companies, for extending an Ethernet
network for example when wiring is dif-
ficult. INRIA will develop such a network
on its Rocquencourt site in 2000. In addi-
tion, the team is developing protocols
adapted to data transfer for the new
mobile telephones, either GPRS (General
Packet Radio Service) or its successor,
UMTS (Universal Mobile Telecommuni-
cation System).

This is the approach of SOLIDOR re-
searchers who have defined the concept
of Spontaneous Information System (SIS).
The concept is based  on a capability of
mobile devices that can detect the pres-
ence of other such devices and exchange
data when they are physically close. 
SIS are one of a kind and could be used
for example to design new anti-collision
systems for vehicles. A braking com-
mand would automatically generate
information sent to neighboring vehicles.

With portable telephones and laptop computers, personal digital assistants 

and computers on board cars, mobility will certainly be one of the key words 

of the 21st century. Connection, and in particular connection to the Internet, 

from everywhere on the globe will become a must and personalized information 

adapted to the equipment in use will have to be made available.

One of the toughest challenges today for
telecommunication technology special-
ists consists in allowing any mobile de-
vice to connect to the Internet and to
receive adapted, or even personalized
information. Another just as necessary
and innovative challenge is the develop-
ment of local, so-called ad hoc networks,
such as company networks or communi-
cations between neighboring persons 
or vehicles.

The DGA (Délégation Générale de
l’Armement) is financing experiments
conducted by project HIPERCOM. This
team has in particular developed the
HIPERLAN standard, adopted in 1996 by
the ETSI (European Telecommunication
Standards Institute), for the transmis-
sion of data without wire network. The
originality of HIPERLAN lies in part in its
ad hoc architecture that can use neigh-
boring mobile devices as intermediary
relay radio stations. Furthermore, the
standard supports quality of service
management. Additionally, HIPERLAN

These wireless networks are of interest 

to the army to set mobile tactical 

networks adapted to troop movements. 

Contrary to the former applications 

in which mobility is hidden from users,

other, still very innovative applications

try to make the most of mobility.



Between a portable telephone with a 3
or 4 line screen, a PDA with a wider
screen able to accommodate email mes-
sages and a laptop computer, the possi-
bilities are of course vastly different, not
only in terms of screen size, but also in
terms of memory and speed. To solve
this problem, project SIRAC is trying to
adapt the applications to the capabilities
of each device in a personalized fashion.
Let us take the example of a video
sequence. Instead of transferring as
much information as possible as is, and
obtaining a slow motion video, the idea
consists in cleverly degrading the signal
in order to minimize the perception of

the degradation of the content. In this
particular case, this could involve deliver-
ing mono audio instead of stereo or
black and white images instead of color
images. Researchers have developed a
component model called Javapods which
makes it possible to reconfigure Java
applications by grouping some of their
components. Such tools will be used in
the framework of project CESURE of the
(Réseau national de recherche en 
télécommunication) with Gemplus, the
institut national des télécommunications
and the Laboratoire d’informatique 
fondamentale de Lille. The objective is to
let users access network services from
different connection points using a smart
card containing their configuration. In
this way, it would be possible to read
email, connect to the Internet or to use
any pay service from anywhere around
the world.

W3C was founded in 1994 and now
gathers 350 organizations worldwide.
INRIA is one of its three host sites, togeth-
er with MIT in the United States and the
Keio University in Japan. Within this glo-
bal organization, Vincent Quint heads
several activities, including those
concerned with mobile access to the
Web. A work group was set up in August
1999 to define the profiles of the various
terminals – screen, keyboard, audio and
voice synthesis capability and so on – to
adapt the server to each user. The user’s
access environment is not necessarily
contained in a smart card, but it is assu-
med that specifications are sent to the
server upon connecting. The data can
either be stored on the server under
various appropriate forms, such as text,
tables or sound, or be transformed on
the fly according to these specifications.

Researcher contacts:
HIPERCOM: Paul.Muhlethaler@inria.fr
SIRAC (1): Daniel.Hagimont@inria.fr
SOLIDOR (2): Michel.Banatre@inria.fr
W3C: Vincent.Quint@inria.fr

(1) Joint project with the Institut National Polytechnique de Grenoble (INPG) and the University Joseph-Fourier (UJF)

(2) Irisa joint project with CNRS, Insa Rennes and the University of Rennes 1 

Creating wireless networks is one thing.

Ensuring the functions required by a shared

application when network performance sags

is another. 

The same strategy is developed 

by the international World Wide Web

consortium (W3C) that recommends 

new specifications for the Web. 
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Validating Hardware
Communication Architectures

Up to now, the validation of machines was
done with programs written by hand and
using languages specifically adapted to the
simulation of a hardware architecture, but
not to the validation of such complex proto-
cols as cache coherence. The researchers’
innovative idea was to use a formal language,
in this particular case ISO standardized
LOTOS, that had initially been developed for
the validation of distributed systems, to deal
with the present kind of problem automati-
cally. According to Bull engineers, this will
make it possible to significantly lower the
validation time for an architecture, while
increasing its quality. The first step, conduct-
ed by project VASY, is system specification.
In other words, the hardware architecture
and cache coherence protocol are formally
described in LOTOS. Its good functioning is
then checked. To do this, researchers call
upon a software environment dedicated to
protocol engineering, called CADP (for
Caesar/Aldebaran). CADP has been devel-
oped for 10 years by project VASY in col-
laboration  with project PAMPA and other
partners. CADP makes for compilation,
simulation, verification and LOTOS formal
specification test synthesis. Today, nearly
200 academic and industrial sites are using
CADP worldwide.

Numerous applications now call for “distrib-
uted” or “shared” electronic architectures
whose tasks are shared between several
elements. In order to carry out these tasks
simultaneously, in “parallel,” their hardware
components – processors, memories – 
are able to communicate and exchange data
interactively. For processors numbering 
in the several hundreds, designing such
architecture becomes extremely complex.
Unfortunately, such machines often man-
age critical systems for which no fault can 
be tolerated.

One of the key points for their communica-
tion concerns the cache coherence protocol.
This protocol makes it possible to optimize
the management of the autonomous memo-
ry of each processor and of the system
memory. Algorithm design demands that the
multitude of possible system behaviors be
predicted. The communication issues in-
volved are partly similar to those of telecom-
munication networks. In the latter case, the
protocols are now tested using formal
methods implemented in automatic design
and validation aid tools. Researchers from
projects VASY and PAMPA have been collab-
orating for several years with Bull, within
the DYADE EIG group, to develop protocol
validation tools adapted to the top-of-the-
line hardware architectures created by Bull.

Certain systems work asynchronously, 

that is to say that each processor 

has its own clock that must be synchronized

with the others. 

The benefits of formal methods

A great many electronic tools involve hardware architectures that are becoming increasingly

complex to design. This is the case of computers dedicated to scientific computing, 

network servers for the Internet or car controllers, to name but a few. The case for using

automatic validation tools based on formal methods is thus getting stronger.



Researchers from project PAMPA have used
an automatic test synthesis tool initially call-
ed TGV (Test Generation with Verification
technology). TGV is also the name of
France’s very fast trains, so it is not surpris-
ing that this validation tool is fast, which is
significant when hundreds or thousands of
cases must be tested. Since it is based on
formal descriptions, TGV also improves test
reliability. TGV was developed in collabora-
tion with Vérimag, a joint CNRS, INPG and
UJF laboratory. The tool uses CADP libraries
and a formal description of the test objec-
tives. A test case is deduced, which is a
graph in which several paths must be veri-
fied. TGV was brought up to industrial stan-
dards over a two year period in collabora-

tion with Vérilog. It has since been integrat-
ed into a SDL compiler (SDL is another stan-
dardized formal language). The first version
has just been marketed under the name of
Test Composer. To automatically generate
hardware tests, researchers have adapted
TGV to LOTOS specifications, and to the
hardware to be tested. The results speak for
themselves. Using CADP together with TGV,
Bull engineers have modeled their cache
coherence protocol architecture and have
already automatically tested hundreds of
behaviors. Some twenty bugs were found
that had not been previously detected using
older techniques, eight of which were partic-
ularly sensitive. In addition to such encour-
aging results, researchers are very satisfied
with the industrial response to the formal
methods they are advocating.

Such languages are therefore particularly
well suited to real time control systems, like
car controllers, telephone switches or cer-
tain communication protocols. Here too, for-
mal programming and verification methods
are promising, if still new. A joint INRIA and
Ecole des mines de Paris researcher team
has been developing such a language for
the last ten years. The language is called
Esterel and is the work of project MEIJE.
Esterel possesses an imperative syntax and
a formal operational semantics, based on
interpretation in a representation model
comparable to electronic circuits. It is there-
fore adapted to the design of mixed hard-
ware/software components, which are
increasingly being used. Its semantics also
allows for exhaustive simulation, an auto-
matic verification method for finite configu-
ration programs. This design environment
for both hardware and software is market-
ed by a small-and medium-sized company,
Simulog. It aroused the interest of some big
names in on board electronics, such as
Dassault Aviation, who set up a program-
ming team to develop Esterel code, Texas
Instruments, who want to rewrite their cell
phone processor architecture in Esterel,
Intel, Motorola and Thomson among others.

Researchers contacts:
PAMPA (1): Claude.Jard@inria.fr
MEIJE (2): Robert.De_Simone@inria.fr 
VASY: Radu.Mateescu@inria.fr

(1) Irisa joint project with CNRS, Insa Rennes and the University of Rennes 1

(2) Joint project with Centre de Mathématiques Appliquées (CMA) the l’École des Mines de Paris

To test telecommunication 

protocol software architectures, 

researchers call for formal specifications.

Among the programming languages 

that are adapted to on board systems, 

the other big family is that 

of synchronous languages: a single, 

global clock manages the various tasks 

to be performed—a sort of local parallelism. 
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There is no lack of potential applications
for multimedia databases: a media com-
pany seeking images, the police checking
fingerprints or a publisher verifying
copyrights. In fact, such databases are
becoming commonplace, in particular on
the Internet. Unfortunately, as of today
they remain unmanageable, transmis-
sions are not reliable and their manage-
ment remains very basic. There is a good
reason for this. As opposed to textual
databases that are indexed by keywords,
multimedia databases require the use of
dedicated software for image retrieval.
Several INRIA teams are working on this
subject and are developing new indexing
and object recognition techniques – an
object being a particular element of 
an image that can be used to extract 
an image or a video sequence and to
manipulate objects within interactive
documents. 

They are however not very well adapted
to audio and video data transmission
that put the emphasis on the real time or
interactive aspect. Transmission delays
and available bandwidth become the
dominant parameters. The current multi-
media protocols do not guarantee data
integrity. Some packets may get lost.
Project TEMICS is developing new coding
models for video signals to minimize the
effects of packet loss. These models can
be used to adapt the compressed fluxes
to the characteristics of the video signal

to be transmitted on the one hand, and
on the other to network characteristics
in order to avoid congestion. The instan-
taneously available bandwidth is evalu-
ated based on throughput modeling as a
function of loss rates and network
congestion (delays at the router level).
Furthermore, scalable representation-
based algorithms for video signals are
being developed to ensure quality trans-
mission between a source and several
users. However, such techniques of
adaptation of fluxes to the available
bandwidth cannot avoid packet loss. The
team is developing innovative solutions
by maintaining redundancy in the com-

pressed signal in order to minimize the
effects of losses on the reconstructed
signal. This work is carried out in collab-
oration with CNET in the framework of
the European projects ACTS COMIQS,
IST SONG and IST OPENISE, and of 
the national RNRT (National Telecom-
munication Research Network) projects
VISI and COHRAINTE.

According to telecommunication experts, the worldwide traffic of data (image, video, sound)

will overtake voice transfers as of this year. Such a profusion of multimedia information 

is useless without adapted transmission, search and navigation means.

Multimedia 
on the Internet How to navigate the multimedia sea

Internet multimedia poses numerous scientific

challenges. The packet transmission protocols

for binary or text data currently 

used on the Internet, make for a relatively

reliable transport service in the sense 

that data does not get lost or altered. 



are good, the start-up has already been
awarded two prizes (the Start-up
Challenge and the Innovative Company
Creation Contest of the Ministry of
National Education, Research and
Technology). The INPI (National Institute
for Industrial Property) might be one of
their first clients and use their product to
compare the design of a new fabric or
model with their databases for example.

Surfimage makes it possible to look for a
certain kind of image in a database
through a progressive, interactive query
refinement. The image that is being look-
ed for is either represented by precise
adapted descriptors for a specific query
(face, print or mammography, for in-
stance) or by generic color, texture,
shape or spatial composition descriptors
for a more generic search. Thus, step by
step, a selection of images is proposed
to the user that can be ever more refined
on request. The team has also developed
two color segmentation methods for
images. The goal is to offer users the
possibility of making queries about a
region or particular object of an image.

This is the basis of the indexing work
carried out by VISTA researchers. The
team has developed an original shot
decomposition technique based on the
analysis of camera movements between
successive images. Such shot changes
as cut or fading are thus detected. The
mobile elements of each shot are then
highlighted to serve as reference images
for indexing the video or creating inter-
active documents. General movement
descriptors that capture extremely
varied scenes have also been defined

and validated. This work is carried out in
the framework of the DIVAN (Distributed
audio visual archives network) European
project, the goal of which is to create 
a relevant distributed audiovisual data-
base management system. A first proto-
type was tested in July 1999. The final
demonstration is scheduled for March
2000. In addition, a commercial exploita-
tion license for the shot decomposition
software was granted to a small-and
medium-sized company called Arts Video
Interactive, to create “hypervideo”
documents, i.e., structured interactive
videos.
This strategy was chosen by project
MOVI. Photometric invariants are com-
puted to get rid of luminosity, scale, pers-
pective and rotation variations. An image
search tool was developed. It is now
able to retrieve objects in an image base,
and will soon be able to retrieve classes
of objects, such as faces, horses or
chairs. This tool could be used for
example to check the copyright on Web
images or to create links from one shot
to another in a video. Both VISTA and
MOVI teams are involved in the RNRT
AGIR project, in a truly multimedia
context associating text, image, audio
and video.

The TEMICS teams is working on video
image segmentation based on object
contour and movement tracking. The
software is being brought to industry in
collaboration with Kodak and work is
continuing within the RNRT OSIAM proj-
ect. Other INRIA teams are working on
image indexing and object recognition
for video as well as still images. Some of
them do not hesitate to take the plunge,
like the three IMEDIA researchers who
participated in the launch of the
lookThatUp.com start-up this year, to
promote and develop their previously
called Surfimage software for still image
content analysis and search. Prospects

Researchers contacts:
IMEDIA: Nozha.Boujemaa@inria.fr 
MOVI (1): Cordelia.Schmid@inria.fr
TEMICS (2): Christine.Guillemot@inria.fr
VISTA (2): Patrick.Bouthemy@inria.fr

(1) Joint project with IMAG (CNRS, INPG, UJF)

(2) Irisa joint with CNRS, Insa Rennes and the University of Rennes 1 

However, transmitting multimedia images 

is one thing, exploiting them is another,

equally complex, thing. Several, often 

complementary, approaches for describing

these images are possible. 

Obviously, the most prominent difference

between a still image and video 

is the movement! In a video, images must

still be characterized, but so does 

their sequence and the shot changes. 
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Cryptology is a science situated on the
borders between mathematics, algo-
rithmics and computer science. It 
calls for increasingly complex concepts.
Cryptography consists in designing
ciphering algorithms that ensure the
confidentiality of exchanges and signa-
ture algorithms that authenticate them.
The robustness of such algorithms is
characterized by the difficulty involved in
“breaking” them. Once an algorithm is
broken, then it leaves an open door for
anyone to decipher documents and forge
signatures. The point is thus equally to
design new algorithms as well as to chal-
lenge existing ones – this is called crypt-
analysis – which is the only way of eval-
uating the security of a given system. 
In fact, the principal organizers of such
open scientific contests are computer
security companies who thus test their
own algorithms.

With such systems, the sender ciphers a
message using the addressee’s public
key, which is generally available in a
directory. Then, the addressee uses his
or her secret key to decipher the mes-
sage. It is easy to cipher the message,
but it is very hard to decipher it without
the secret key. The most widely used sys-
tem today is the RSA system (from the
name of its discoverers Rivest, Shamir
and Adelman). RSA security is based on
the difficulty of factoring a number, that
is to say decomposing a number into a
product of prime numbers. Such a facto-
rization is relatively easy for small num-
bers, for example 233,929 decomposes
into 449 x 521, but becomes particularly
laborious for 100- to 200-digit numbers
such as those that are commonly used.
In the RSA system, the secret key is
made from two large prime numbers
whereas the public key only reveals their
product.

Paul Zimmermann, head of project
POLKA, contributed to taking up this
challenge with researchers from 5 other
countries using 300 machines putting
together the equivalent of 30 to 40 years
of CPU time. This proves that if such deci-
phering is not within anyone’s reach, it is
nonetheless now accessible. In addition,
the POLKA team is developing another
factoring method based on elliptic
curves. The technique has been around
for about fifteen years and is used inten

sively for the challenges of the
Cunningham project. This is the fastest
known factoring method when one of the
factors is relatively small. Using the GMP
large integer arithmetic library, INRIA
researchers have devised a free 
program based on this method. It is
considered to be one of the fastest 
on the market.

The continuing development of electronic means of exchange, in particular the Internet,

leads to a crucial concern for information protection, be it for exchanging 

confidential information over an open network or authenticating digital documents.

Cryptology is a key factor in ensuring the reliability of such novel digital communication.

Researcher contacts:
CODES: Daniel.Augot@inria.fr, Nicolas.Sendrier@inria.fr
CRISTAL: Robert.Harley@inria.fr
POLKA (1): Paul.Zimmermann@inria.fr

(1) Loria joint project with CNRS, the Henri-Poincaré and Nancy 2 Universities and INPL 

Modern cryptology has been undergoing a real boom

since 1976 when public key or asymmetric 

systems were discovered. 

Cryptology
Searching for the best algorithms

A 155-digit key, which is comparable 

to those used in 95% of electronic 

commerce transactions, was broken last August

(the RSA-155 challenge 

proposed by RSA Security Inc.). 



Cryptosystems based on this approach
have recently been constructed. They are
a priori more efficient than the former
systems. Their security level must how-
ever still be demonstrated. Challenges
follow one another, initiated in particular
by a Canadian company, Certicom.  Last
September, such a 97-bit (30 digit) elliptic
key was broken by an INRIA researcher,
Robert Harley, with the help of 195
Internet users from all over the world. 

The computation demonstrated a level 
of complexity higher than that of the
RSA-155 system. This makes it possible
to consider shorter keys, which would be
particularly well suited for smart cards,
cell phones and electronic PDAs. In addi-
tion, signature generation and verifica-
tion is considerably faster than with RSA,
which makes for more online transac-
tions by diminishing server computa-
tional load. Robert Harley is a doctoral
candidate within project CRISTAL. He is a
specialist in fast arithmetic and wrote
his program in C. His objective is to add
an extension to the CAML programming
language developed within CRISTAL to
speed-up mathematical applications.
Robert Harley will not let the matter rest
there. He is tackling the next challenge,
a 109-bit key. The 160-bit keys currently
used are still out of reach.

In this same field, a cooperative research
initiative called COURBES gathers 
together researchers from INRIA’s proj-
ect CODES, LIX (Computer Science
Department of the École polytechnique)
and LACO from the University of
Limoges. One of the objectives is to ex-
hibit more secure families of elliptic
curves, that is to say curves for which
the resolution of discrete logarithm is as
complex as possible. Another objective is
to concretely study the cryptanalysis of
hyperelliptic curves in order to uncover
possible weaknesses, and on a more
tentative level, to look for new families
of curves that make for faster and stron-
ger cryptographic systems.

An alternative to these various algo-
rithms using number theory is based on
the theory of error-correcting codes. This
theory is studied within project CODES.
It is a common technique to transmit a
message on a telecommunication line,
for example a radio connection, without
any errors by adding redundancy. It can
be used for cryptographic purposes by
adding “noise” to the message and then
removing it. The advantage is that the
ciphering system is fast, but the down-
side of it is that it uses very large keys of
several hundred thousand bits, which
are difficult to store. Furthermore, it is
not yet suitable for digital signature.
However, the security level thus attain-
ed, which is at least equal to that of cur-
rent algorithms, will perhaps one day
make it a serious contender.

The other large family of cryptosystems,
secret key or symmetric cryptography,
which, up to now, has mostly been used
by the military, could also take advan-
tage of error-correcting codes theory.
Sender and addressee share a same
secret key which is used for ciphering
and deciphering. The quality of such a
system is based on its resistance to an
exhaustive search, which consists in
trying out all possible keys. The contin-
uing increase in computer power al-
ready makes it possible to take up cer-
tain challenges, such as DES, a system
developed in 1976 with a key of only 56
bits. A successor to DES is being looked
for. Project CODES is studying the most
adapted mathematical objects.

Another mathematical problem, deemed 

to be more complex than factorization, 

is of interest to cryptologists. This is 

the discrete logarithm on an elliptic curve. 
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By exploring the brain structure and mapping its activity, cerebral imaging has in the last twenty years

opened a crack in the door for a better understanding of brain functioning. The result is the explosion

of neuroscience. From now on, computers and their image processing capabilities will be used to aid

in brain image interpretation.

The initiative gathers researchers from
projects ROBOTVIS, ESTIME, ONDES,
GAMMA and the Cermics.
In fact, the time scale of cerebral pro-
cesses is in milliseconds, whereas MRI
temporal resolution is only a few
seconds. A virtual tool must be devised
that combines FMRI image quality with
the temporal precision of magnetoence-
phalography (MEG) and electroence-
phalography (EEG). The latter techniques
record the magnetic and electric fields
produced by the brain on the surface 
of the skull with a temporal resolution 
of the order of a millisecond. One of the
main difficulties in coupling these various
techniques consists in solving the “in-
verse problem” in MEG or EEG, that is to say
reconstructing the electrical activity in-
side the brain based on the values of the
electromagnetic field measured around
the skull. Researchers have adapted the
inversion techniques used up to now in
the context of seismic studies, for
example for oil prospection, to cerebral
imaging. The goal is, knowing the conduc-
tivity of the various areas of the brain, to
find the current densities that reproduce
the measurements at best, after numeri-
cal simulation of the electromagnetic
field. MRI ensures the geometric preci-
sion of the images. The algorithms devel-
oped this year must now be integrated
into a code.

Since the discovery of nuclear magnetic
resonance (NMR) in 1946, magnetic
fields have widely taken over research
laboratories and hospitals. Today, an-
atomic MRI (aMRI) scanners are as com-
mon as X-ray scanners. They are the best
adapted tools to reveal the three-dimen-
sional structure of the brain. Functional
MRI (FMRI) is considerably more costly.
It is used to visualize brain activity. Its
images are constructed from the modifi-
cations in blood flow due to neuron activ-
ity. However, in spite of a resolution of
the order of one millimeter, such images
are practically useless without any
mathematical processing adapted 
to each application, whether cognitive 
or medical. One problem, for instance is
to compare the neuronal activity of a
patient during successive examinations
or to compare the neuronal activity of
two patients. Another is to compare MRI
images with other medical imaging tech-
niques. A further problem, of primary
importance in neuroscience, is to visu-
alize cerebral activity in real time. From
image “gating” to “inverse problem”
solution, algorithms are at the forefront.

The 3D-MEG cooperative research initiati-

ve’s goal since one year is to devise ways

of observing the brain at work. 

ROBOTVIS researchers have additionally
developed a segmentation of the various
skull structures, an indispensable model-
ing step to determine the electric and
magnetic conductivities of the various
zones.

This project is composed of VISTA and
EPIDAURE, the SIM laboratory of Faculty
of Medicine of Rennes and the Montréal
Neurology Institute (McGill University).
The project studies image processing
software to be used to superimpose
brain structure and cerebral activity 
in order to compare examinations of one
or several subjects.

Cerebral 
Imaging The brain revealed

Two teams are working in the same field 

of neuroscience, within the “Cognitive

Sciences” National Scientific Interest

Group, a research program of CNRS, 

CEA (Commissariat à l’énergie atomique)

and INRIA.



EPIDAURE researchers worked in collab-
oration with the Universities of Kent,
Oxford, Louvain and Zurich in the frame-
work of the BIOMORPH European pro-
gram. They developed a software to
measure the efficiency of a treatment for
multiple sclerosis by comparing the total
volume of cerebral lesions on successive
images of the same patient. Based on
crest lines, i.e., characteristic profiles of
the cortex surface that can be extracted
using differential geometry tools, a rigid
gating of the images makes it possible to
ignore apparent movements of the
patient between two examinations. Then,

a non rigid gating makes it possible to
detect progressive lesions. The software
is currently being clinically validated at
the neurology department of the Pasteur
hospital in Nice and at the Tel-Aviv hospi-
tal. A similar approach is being devel-
oped based on cerebral images from 40
sound patients and 40 schizophrenic
patients to study and quantify the evolu-
tion of the disease by observing the left
hemisphere / right hemisphere asymme-
try. The INRIA team is constructing an
anatomic atlas based on the images
from the neuroradiology and neuroana-
tomy department of the hospital of the
Pitié-Salpêtrière, on behalf of Medtronic,
an American company specializing in
cerebral implants for treatment in partic-
ular of Parkinson’s disease. It will thus
be possible to put MRI images of the
patient to be operated on in correspon-
dence with the atlas, in order to guide
the implantation of the microelectrodes.
Another European project, QAMRIC,
consists in diagnosing signal anomalies
in the region of central and cortex gray
nuclei, based on T2 and diffusion MRI
images. Such anomalies are characteris-
tic of the Creutzfeldt-Jakob disease. This
could lead to an early diagnosis of the
disease. Finally, the team is working on a
neurosurgery aid software in the frame-
work of the ROBOSCOPE European proj-
ect. MRI images of the patient before the
operation are used to guide the manipu-
lator arm operating under 3D ultrasound
scan.

Researchers contacts:
ESTIME: Francois.Clement@inria.fr
EPIDAURE: Nicholas.Ayache@inria.fr, Gregoire.Malandain@inria.fr
ROBOTVIS: Olivier.Faugeras@inria.fr
VISTA (1): Christian.Barillot@inria.fr

(1) Irisa joint project with CNRS, Insa Rennes and the University of Rennes 1 

VISTA researchers developed a local
gating technique for MRI and MEG
images on a database of 20 sound sub-
jects. The images concern cortical fis-
sures, hollow zones on the surface of the
brain that are close to important function-
al zones. A local three-dimensional sta-
tistical model should make it possible to
demonstrate the wide functional variabil-
ity of the brain. This approach will be
compared with global gating methods
developed by the VISTA, EPIDAURE and
McGill teams. In the latter case, images
of the whole brain of a single or several
patients are gated.

Designing automatic analysis software 

for anatomic MRI images is another facet

of cerebral imaging.
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Computer Images

All computer image specialists strive to
simulate, to reproduce an image, an
effect or a sensation close to reality.
Their creed is to enrich the “virtual real-
ity” paradox and design “real false
images”. Indeed, as long as results are
not up to par, numerous applications
remain unthinkable. Consider the case of
endoscopic surgery simulators to train
surgeons in the complex and unusual
movements of this low invasive tech-
nique controlled through a screen. In
other cases, the point is to display a
scene to be used, for example a three-
dimensional space for a virtual tour 
on the Web to observe the effects 
of modifications in furniture or lighting on
the surroundings. More surprising yet is
to dress oneself virtually by custom 
tailoring and then to be able to observe
oneself from all angles. All these ideas
necessitate the development of complex
yet fast graphic models.

Researchers from project iMAGIS focus
their attention on the adaptation of ren-
dering times to each application, from
several minutes for special effects down
to a few tenths or even hundredths
of a second for real-time images. For

this, researchers decompose the visual
effect to be reproduced into independent
components (objects, phenomena,
representations) for which they develop
appropriate models. Such models can be
physical to simulate a movement or a

Ever more realistic images for ever more complex simulations

Researcher contacts:
iMAGIS (1): Fabrice.Neyret@inria.fr
ISA (2): Laurent.Alonso@loria.fr
MIRAGES: Andre.Gagalowicz@inria.fr
SIAMES (3): Kadi.Bouatouch@inria.fr

(1) Joint project with IMAG (CNRS, INPG, UJF)

(2) Loria joint project with CNRS, the Henri-Poincaré and Nancy 2 Universities and INPL

(3) Irisa joint project with CNRS, the University of Rennes 1, Insa Rennes

The simulation of moving scenes, 

as much for special effects 

as for environmental impact studies, 

simulators or interactive videogames requires 

the development of such graphic models.

Computer-generated images, such as those in videogames or special effects films, are no longer a wonder for most.

Researchers nonetheless keep enhancing the graphic quality of images while reducing computational times, 

thus opening the way for new, ever more complex  applications.



the Stade de France, improve the lighting
of certain paintings of the Musée du
Louvre, as well as that of a tunnel in
Tokyo and several bridges in Paris.

Already we can move inside a photorealis-
tic virtual store to shop as if we were
there and tomorrow’s electronic commerce
will thus be able to assume other forms.
Let us take the case of buying clothes.
Everyone could supply the 3D geometry of 
his or her body and require the making of
clothes adapted to one’s morphology_

electronically custommade, so to speak.
This would be a revolution, in particular
for persons with nonstandard build, such
as stout people. With this goal in mind,
the MIRAGES team, currently constitu-
ting itself at Rocquencourt, is developing
virtual clothes-fitting software. Starting
from the digitized morphology of a
dummy and a classical clothes designer
pattern, researchers create a 3D image
of the piece of clothing as it would be
worn. One of the main difficulties is to
get the fabric to behave realistically and
to hang well according to the morpholo-
gy of the dummy. To solve this problem,
they use a nonlinear mass-spring system
with hysteresis. The software developed
within the MtoM3D European project can
also be used to automatically adjust the
pattern. Work will continue at the textile
and clothing industry expertise center in
Roanne. The system developed is already
operational, but requires further research
to turn into an actual tool usable be the
general audience. 

There are, however, other applications.

In particular, using such techniques

together with image acquisition 

and camera-captured geometric modeling, 

it is possible to reconstruct a so-called

photo-realistic virtual environment. 

Light interreflection in environments 

composed of hundreds of thousands of planar

and curved surfaces (low-degree parametric

surfaces) constitute a further physical

parameter to be integrated into the

Project ISA, while also working on geo-
metric modeling and the generation of
realistic images from very complex 3D
models, puts the emphasis on the simu-
lation of such interreflections. The
Candela software platform can be used
to simulate scenes with multiple sur-
faces. Its strong point is a solid physical
and mathematical foundation (diverse
spectrum bases, complex surfaces, high
degree basis functions and so on). This
platform has been used to simulate very
complex environments such as the
SodaHall building. Such pre-computed
environments can then be used for vir-
tual reality applications.

Based on a vast choice of polygons,
researchers from project SIAMES are
developing software capable of reprodu-
cing an approximate geometry of the
scene. They then associate textures with
each object, after having removed such
light effects as cast shadow or reflec-
tions. From then on, it becomes possible
to navigate in this virtual environment,
add other objects or observe illumination
changes. An interactive program called
MoPdh was thus used to reconstruct real
scenes such as the place des Lices in
Rennes or the castle of Tronjoly. The pro-
gram is also adapted to Internet tours of
actual sites, home shopping and electro-
nic commerce. Another software packa-
ge for lighting simulation called GIN
(Global Illumination Network) was devel-
oped in 1998 in collaboration with the
CSTB (Construction Scientific and
Technical Center) in Nantes. Its strong
points are to use a spectral rather than
three-chromatic approach to color, and
such physical quantities and concepts as
luminance, color temperature, specular
reflection and material absorption. Using
this tool, the CSTB was able to study the
natural illumination of the glass roof of

Another approach consists in using 

photographs to reconstruct three-dimensional

environments paying particular attention

to textures. 

deformation, geometric with adapted
polygons, or on the surface in the case 
of textures. Finally, to refine some parts
of the image, for example the fore-
ground, the detail level is cunningly
adapted to each image. Not only is the
number of modeled polygons adapted,
but also the precision of computations, 
in particular for physical models. Two
examples speak for themselves. First is
the simulation of a flow of lava, entirely
done in numerical simulation. This is a
first for a scene of such complexity that
associates the evolution of the physical
properties of the material with the evo-
lution of its colors and textures.
Secondly, iMAGIS participated with other
INRIA teams in the development of an

endoscopic surgery simulator, presently
adapted to the liver, in the framework of
the AISIM cooperative research initiati-
ve. The organ images have to be supre-
mely realistic and must reproduce the
consequences of each movement of the
surgeon, in real time. The modeling is
based on an adaptive three-dimensional
elastic model that automatically focuses
its computational powers on regions
undergoing the most strain. 
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Object-Oriented
Programmation 

In practice, software engineers use it to
draw diagrams and deduce code skele-
tons. In areas where software reliability
is paramount, such as on board or tele-
communication systems, project PAMPA
proposes to go one step beyond in the
exploitation of UML models. The project
envisions an automatic application of
design schemes resulting in complete
code synthesis for certain applications,
or the use of simulation or formal verifi-
cation tools. To achieve this goal, the
team developed the UMLAUT tool, a kind
of framework for model transformation
allowing for the application of complex
formal manipulations to an UML model.

The size of computer systems keeps
growing. They are becoming ever more
complex and upgradable and are being
developed separately by increasingly
numerous teams. This is what is called
the modular design, implementation 
and maintenance mode.
Object-oriented programming was intro-
duced in the 70s as one of the means
computer scientists came up with to deal
with this situation. As opposed to tradi-
tional programming, which consists in
defining the data on the one hand, and
the functions to be applied to the data 
on the other hand, in object-oriented
programming, data and functions are
associated within a class, which can be
turned into objects, once specific data 
is supplied. Distributed applications take
much advantage of this type of program-
ming. In addition, the classes can be
extended with new data or specialized by
new functions. The latter concept, whose
implementation is particularly delicate, is
essential for modularity. Since 1995, the
Java language has taken the lion’s share
in the industrial world. However, its librar-
ies are still not adapted to high level 
distributed applications. They need to be
optimized, made secure and capable 
of adaptation when needs and conditions 
of use change. Furthermore, Java is
restrained by its “all object” approach
and its limited “typing”. Typing can be
used to extract a representative part of
the program to check its general consis-
tence and quickly detect programming
errors using an automatic analysis.

Object-oriented languages and programming tools know how to adapt

Activity coordination and information sharing have become commonplace. 

Think about teleconference, integrated CAD systems, cooperative document editing or networked data servers.

Such so-called “distributed” applications are one of the favorite fields of object programming. 

Object-oriented languages and tools development is in full swing.

The UML (Unified Modeling Language) notation

is now used to model computer systems 

in a semi-formal but, above all, uniform way.

UML is a result of the convergence 

of the best industrial practice in software

engineering for object-oriented technology.



This entails dynamic reconfiguration,
automatically according to need, which
is one of the favorite topics of the SIRAC
team. For a few months, the community
has been furiously debating the defini-
tion of new “objects” to be programmed
that are adapted to reconfiguration. 
The “component” concept, a structure
that is more macroscopic than an object,
is a solution that is defended by several
teams, including SIRAC who are on the
leading edge for this type of program-
ming. A component is a software struc-
ture that is intermediate between an
object and the whole application. It is
possible to attach properties related to
performance, quality of service and fault
tolerance to a component. The team is
developing this type of environment to
built adaptable distributed Java applica-
tions. In collaboration with the CNET, it is
also one of the initiators of an ambitious
RNRT project called PAROL (Free Object
Distributed Application Platform) that
was approved in July 1999. The objective
is to set up a development community for
an object, distributed platform for tele-
communications as well as an initial
code base.

The Caml programming language pits its
very expressive “typing” system against
this Java wave. Caml was developed
within project CRISTAL and has been
enriched for 15 years. The latest version,
Ocaml, provides for object-oriented pro-
gramming. The language’s expressivity
makes it possible to better analyze the
program during compilation and not to
have to do any type test during its exe-
cution, as is still too often the case with
Java. If object-oriented programming
has been around for some thirty years,
object typing was only solved at the
beginning of the 90s. Object typing
makes for increased programming secu-
rity, speeded-up application development
and easier maintenance. Today, Ocaml is
used for research and teaching purposes
as well as for industrial projects. Users
are the National Education, CNET,
Dassault Aviation, CEA, several universi-
ties and several start-ups in France and
abroad. The language’s well formalized
semantics, strong expressiveness, high-
level constructs and the quality of its
implementation are serious assets com-
pared to Java, whose main advantage is
to be well established.

Such libraries are one of the centers of
interest of the OASIS team. The results
are convincing. Using their 100% Java
ProActive library instead of the standard
RMI (Remote Method Invocation) library,
no less than 30% of the lines of codes
can be saved. ProActive is particularly
well suited to the Internet, due to reuse
of initially non distributed code, automat-
ic synchronization and the possibility to
port activities from one machine to an-
other. The library was recently tested in
collaboration with Sun Microsystems
(Palo Alto) in the framework of the
JavaCard Forum on an application
demonstrating the capabilities of Java
technology in the field of parallel com-
p-uting and cooperative work.

Researchers contacts:
CRISTAL: Didier.Remy@inria.fr
PAMPA (1): Jean-Marc.Jezequel@inria.fr 
SIRAC (2): Daniel.Hagimont@inria.fr
OASIS (3): Denis.Caromel@inria.fr

(1) Irisa joint project with CNRS, Insa Rennes and the University of Rennes 1 

(2) Joint project with INPG and the UJF 

(3) Joint project with CNRS (I3S) and the UNSA

Using “communication libraries” makes 

for easier distributed application 

programming and maintenance. 

In addition, the good functioning 

of distributed applications demands 

that a new condition be met, adaptability-

adaptability to network performance 

fluctuations, to faults or to hardware

changes. 
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INRIA’S 74 research projects
as of January 1st, 2000

Theme 1: NETWORKS AND SYSTEMS

Program 1A: Parallel computing and architecture

Projects A3 (1) Advanced analysis applied to code optimization Christine EISENBEIS Rocquencourt
APACHE (2) Parallel algorithms and load sharing Brigitte PLATEAU Rhône-Alpes
CAPS (3) Compilation, parallel architectures and system André SEZNEC Rennes
COSI (3) Silicon-based system design Sanjay RAJOPADHYE Rennes
ReMaP (4) Regularity and massive parallel computing Yves ROBERT Rhône-Alpes
SLOOP (5) Simulation, object languages and parallel computing Jean-Claude BERMOND Sophia Antipolis

Program 1B: Networks, systems, performance evaluation

Projects ARMOR (6) Architecture and network models Gérardo RUBINO Rennes
HIPERCOM High performance communication Philippe JACQUET Rocquencourt
MEVAL Modeling and evaluation of computer systems Guy FAYOLLE Rocquencourt
MISTRAL Modeling in computer science and telecommunication systems: 

research and applications Philippe NAIN Sophia Antipolis
PARIS (3) Programming distributed parallel systems for large scale 

numerical simulation Thierry PRIOL Rennes
RESEDAS (7) Software tools for telecommunications 

and distributed systems André SCHAFF Lorraine
SIRAC (8) Distributed computer systems for cooperative applications Roland BALTER Rhône-Alpes
SOLIDOR* (3) Parallel languages and systems Michel BANATRE Rennes

Program 1C: Distributed and real-time programming

Projects ADP (3) Distributed algorithms and protocols Michel RAYNAL Rennes
EP-ATR (3) Programming environment for real-time applications Paul LE GUERNIC Rennes
MOSCOVA Mobility, security, concurrence, verification and analysis Georges GONTHIER Rocquencourt
PAMPA (3) Models and tools to program 

distributed parallel architectures Claude JARD Rennes
PARAGRAPHE (3) Parallel computing and graphs Philippe DARONDEAU Rennes
VASY System validation – research and applications Hubert GARAVEL Rhône-Alpes

Theme 2: SOFTWARE ENGINEERING AND SYMBOLIC COMPUTATION

Program 2A: Semantics and programming

Projects CALLIGRAMME (7) Linear logic, proof networks  
and categorial grammars Philippe DE GROOTE Lorraine

COMPOSE (3) Design of adaptive programs and systems Charles CONSEL Rennes
COQ Software specification and proof Christine PAULIN Rocquencourt
CRISTAL Typed programming, modularity and compilation Pierre WEIS (subcontracted) Rocquencourt
LANDE (3) Software design and validation Thomas JENSEN Rennes
PROTHEO (7) Constraints, automatic deduction 

and software property proofs Hélène KIRCHNER Lorraine

Program 2B: Algorithmics and computer algebra

Projects ALGO Algorithms Philippe FLAJOLET Rocquencourt
ARENAIRE (4) Compute arithmetic Jean-Michel MULLER Rhône-Alpes
CODES Coding and information protection Pascale CHARPIN Rocquencourt
POLKA (7) Polynomials, combinatorics, arithmetic Paul ZIMMERMANN Lorraine
PRISME Geometry, algorithms and robotics Jean-Daniel BOISSONNAT Sophia Antipolis
SAGA Algebraic systems, geometry and applications Jean-Pierre MERLET Sophia Antipolis

Theme 3: HUMAN-MACHINE INTERACTION, IMAGES, DATA, KNOWLEDGE

Program 3A: Databases, knowledge bases, cognitive systems

Projects ACACIA Knowledge acquisition for aided design through agent interaction Rose DIENG Sophia Antipolis
AÏDA (3) Software tool workshop for the natural language Jacques NICOLAS Rennes
ATOLL Modeling and learning for data interpretation and aid in decision making Bernard LANG Rocquencourt
CARAVEL Information mediation systems Eric SIMON Rocquencourt
ECOO (7) Environment for cooperation Claude GODART Lorraine
MERLIN** Methods for the ergonomy of interactive software Dominique SCAPIN Rocquencourt
OPERA Tools for electronic documents, research and applications Vincent QUINT Rhône-Alpes
ORION Intelligent environments for the resolution

of problems for autonomous systems Monique THONNAT Sophia Antipolis
VERSO Databases Sophie CLUET Rocquencourt



(1) Joint project with the University of Versailles Saint-Quentin-en-Yvelines
(2) Joint project with IMAG (CNRS, INPG, UJF)
(3) Irisa joint project with CNRS, the University of Rennes 1 and Insa Rennes
(4) Joint project with  the LIP (CNRS, ENSL), located in Lyons
(5) Joint project with  CNRS and the Unsa
(6) Irisa joint project with CNRS, the University of Rennes 1, Insa Rennes 

and ENST Bretagne
(7) Loria joint project with CNRS, the Henri Poincaré and Nancy 2 

Universities and INPL
(8) Joint project with INPG and the UJF 
(9) GRAVIR laboratory joint project with CNRS, INPG and the UJF

(10) Joint project with CNRS
(11) Joint project with the MMAS (University of Metz and CNRS), located in Metz
(12) Joint project with CNRS, the Henri-Poincaré and Nancy 2 Universities 
and INPL and University of Metz, on two locations Nancy (Loria) and Metz
(13) Joint project with ENPC (CERMICS)
(14) Élie Cartan Institute joint project with CNRS and the Henri-Poincaré University
(15) Joint project with the SMP laboratory (CNRS and ENSTA)
(16) Joint project with CNRS and the University of Provence, located in Marseilles
(*) Dual location project at Rennes and Rocquencourt
(**) Dual location project in Lorraine and Rocquencourt
(***) Dual location project at Sophia Antipolis and Lorraine

Program 3B: Vision, image computer analysis and generation

Projects AIR Image processing and dynamic satellite data Isabelle HERLIN Rocquencourt
ARIANA (5) Inverse problems in Earth monitoring Josiane ZERUBIA Sophia Antipolis
EPIDAURE Medical imaging and robotics Nicholas AYACHE Sophia Antipolis
iMAGIS (9) Models, algorithms and geometry for computer generated image Claude PUECH Rhône-Alpes
ISA (7) Virtual and augmented reality applications  

in architectural and urban engineering Jean-Claude PAUL Lorraine
MOVI (9) Modeling, localization, recognition and interpretation in computer Radu HORAUD Rhône-Alpes
ROBOTVIS Computer vision and robotics Olivier FAUGERAS Sophia Antipolis
SHARP (9) Automatic programming and decisional systems in robotics Christian LAUGIER Rhône-Alpes
SIAMES (3) Computer generated images, animation, modeling and simulation Bruno ARNALDI Rennes
TEMICS (3) Digital image processing, modeling and communication Christine GUILLEMOT Rennes
VISTA (3) Spatio-temporal active vision Patrick BOUTHEMY Rennes

Theme 4: SIMULATION AND OPTIMIZATION OF COMPLEX SYSTEMS

Program 4A: Automatic control, robotics, signal

Projects BIP Biped robot Bernard ESPIAU Rhône-Alpes
COMORE (10) Control and modeling of renewable resources Jean-Luc GOUZÉ Sophia Antipolis
CONGE (11) Geometric control for nonlinear systems Gauthier SALLET Lorraine
FRACTALES Fractal approaches for signal analysis and modeling  Jacques LÉVY-VEHEL Rocquencourt
ICARE Instrumentation, control and architecture of advanced robots Claude SAMSON Sophia Antipolis
IS2 Statistical inference for industry and health Gilles CELEUX Rhône-Alpes
MACSI (12) Industrial system modeling,, analysis and operation François VERNADAT Lorraine
MIAOU Mathematics and computer science in automatic control  

and  optimization for the user Laurent BARATCHART Sophia Antipolis
NUMOPT Numerical optimization Claude LEMARÉCHAL Rhône-Alpes
SIGMA 2 (3) Signal, models, algorithms François LE GLAND Rennes
SOSSO Applications and tools of automatic control Michel SORINE Rocquencourt

Program 4B: Modeling and scientific computing

Projects ALADIN (3) Algorithms adapted to intensive numerical computing Jocelyne ERHEL Rennes
CAIMAN (13) Scientific computing, modeling and numerical analysis Serge PIPERNO Sophia Antipolis
ESTIME Parameter estimation and modeling in heterogeneous media Jérôme JAFFRE Rocquencourt
GAMMA Automatic mesh generation and adaptation methods Paul-Louis GEORGE Rocquencourt
IDOPT (2) System identification and optimization in physics 

and environment Jacques BLUM Rhône-Alpes
M3N Multi-models and numerical methods Benoît PERTHAME Rocquencourt
NUMATH (14) Mathematical analysis and numerical processing for nonlinear models Olivier COULAUD Lorraine
OMEGA*** Probabilistic numerical methods Denis TALAY Sophia Antipolis
ONDES (15) Modeling, analysis and simulation of wave equations Patrick JOLY Rocquencourt
SINUS Numerical simulation for engineering sciences Jean-Antoine DESIDERI Sophia Antipolis
SYSDYS (16) Random dynamical systems Fabien CAMPILLO Sophia Antipolis
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Scientific Board
as of January 1st, 2000
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Where to find electronic information about INRIA?
www access: http://www.inria.fr

The documents referenced in the text
can be obtained from INRIA’s information department. 
Some of them can also be accessed via the INRIA Web server.

Telephone: +33 1 39 63 52 95
Fax: +33 1 39 63 51 87
Electronic mail: diffusion@inria.fr

Introducing the Institute
● Management

http://www.inria.fr/Organigramme/organigramme-eng.html

● Brochures on the Research Units

(Lorraine, Rennes, Rhône-Alpes, Sophia Antipolis, Rocquencourt)

● INRIA’s new Strategy Plan (1999)

http://www.inria.fr/Strategy

Research
● The scientific appendices to the annual report (themes 1 to 4)

http://www.inria.fr/Rapports/

● Project descriptions

http://www.inria.fr/Recherche/activites-eng.html

● Software developed at INRIA

http://www.inria.fr/Information/logiciels-eng.html

● The Scientific Management

http://www.inria.fr/Direction-scientifique

Training and scientific events
● Training through research

http://www.inria.fr/Formation/formation-eng.html

● Doctoral and post-doctoral fellowships and grants

http://www.inria.fr/Bourses/sommaire.html

● Scientific events

http://www.inria.fr/Colloques/cours-col-eng.html

Development and industrial relations
http://dirdri.inria.fr/

● Development initiatives

http://www.inria.fr/Partenariats/actions-dev-eng.html

● Technology companies

http://www.inria.fr/Partenariats/societes-technologie-en.html

International relations
http://www.inria.fr/Partenariats/rel-international-eng.html

● The Franco-Russian Lyapunov Institute

http://www-direction.inria.fr/international/liapunov.html

● The Franco-Chinese laboratory L.I.A.M.A.

http://www-direction.inria.fr/international/labFC.html

Scientific information and communication 
http://www.inria.fr/Communication/

● INédit (periodical, 5 issues per year)

http://www.inria.fr/INedit/INedit-eng.html

● Publications catalog 

http://www.inria.fr/RRRT/sompub-eng.html

● Documentation centers

http://www.inria.fr/Documentation/centres-eng.html
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