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OFFICE of NAVAL RESEARCH - European Office
This report is based on a joint visit in February 1996, by Drs. Bruce H. Barnes of the Office of Naval Research-Europe and Norbert M. Bikales of the Europe Office of the National Science Foundation, to the INRIA headquarters in Rocquencourt, as well as on separate visits by Dr. Bikales to Rocquencourt in December 1995 and Sophia Antipolis in March 1996.  During all these visits, discussions were held both with researchers and managers.  For further information, contact either Dr. Bruce H. Barnes, Associate Director for Computer Science, Office of Naval Research-Europe, 223 Old Marylbone Road, London, NW1 5TH, UK;  e-mail: bbarnes@onreur.navy.mil;  tel: +44 (171) 514-4387;  fax: +44 (171) 723-6359; or Dr. Norbert M. Bikales, Head, NSF/Europe Office, American Embassy, 2 avenue Gabriel, 75382 Paris cedex 08, France; e-mail: nbikales@nsf.gov;  tel: +33 (1) 43-12-21-08;  fax : +33 (1) 43-12-29-04.

1.
OVERVIEW
The Institut National de Recherche en Informatique et en Automatique (INRIA) is the key to the French Government’s efforts to be a major player in the rapidly evolving field of computer science, control, and the resulting industries.  Headquartered in the Paris suburb of Rocquencourt where it also maintains its largest laboratory, it has additional branches in Sophia Antipolis, Grenoble, Rennes, and Nancy.   Of about 1500 persons working at INRIA, about 1200 are scientists or engineers.  An interesting feature is that only about 300 of the latter are permanent (civil-service) employees, the remainder consisting largely of temporary researchers from outside INRIA, including about 400 doctoral students and about 100 foreign visitors.  As a result, INRIA has a considerably younger population than is the case in a typical French government laboratory, such as in those maintained by the CNRS.  

INRIA’s budget has been favored by the French government: it was 536 million French francs in 1995 [current rate of exchange is ca. 5 FF = 1$], compared to 516 MFF in 1994, 477 MFF in 1993, 470 MFF in 1992, and 447 MFF in 1991.  A slight increase in staffing has also been allowed; for example 3-5 persons are recruited each year in Sophia Antipolis.  There are said to be no constraints in hiring researchers from outside of France.  INRIA collaborates closely with MIT because it serves as the European center for the World Wide Web consortium, a role it assumed in November 1995.  As will be described below, INRIA has a policy of encouraging collaboration with foreign experts, including those from the USA, and of establishing start-up business ventures. 

2.
RESEARCH PROGRAMS
INRIA carries out a comprehensive research activity centered in over seventy research groups enjoying both scientific and budgetary autonomy.  The research can be classified into six main themes:  

1)  Parallel architecture, databases, networks, and distributed systems

2)  Symbolic computing, programming, software engineering (described separately below)

3)  Artificial intelligence, cognitive systems, man-machine interactions

4)  Robotics, imaging, and visualization 

5)  Signal processing, control, and manufacturing automation

6)  Scientific computing, numerical modeling, and computer-aided engineering.

The Sophia Antipolis laboratory claims to have the largest groups in Europe dealing with themes 2 and 4.  For example, one of us witnessed a demonstration on the conversion of 2-D to 3-D images of the human brain, which can be important in medical diagnosis and surgery.  Another goal at Sophia Antipolis is to produce a work-station that will permit visualization of geological layers.  INRIA has a large program dealing with sequencing in the human-genome project;  its approach is “global,” contrasted to the pair-chromosome approach being pursued in the USA.  INRIA also works with INSERM - the French medical research organization - to produce expert systems for medical treatment.

A principal goal is to analyze, simulate, control, and optimize complex systems.  Recently, INRIA conducted brainstorming sessions to identify the major challenges for the next four years.  The following four new themes emerged: mastering distributed computing; programming parallel machines; designing and maintaining secure and reliable software, and systems that integrate images and new data formats. The research at INRIA is evaluated by committees of experts that examine both written and oral progress reports in the six main themes.                     

3.
HIGH-TECHNOLOGY SPINOFF COMPANIES
As a result of the active encouragement to form spin-off companies, 24 new businesses have been created since 1984, thus creating about 800 jobs and an annual contribution of some 500 MFF to the GDP.   Of the 21 companies still operating in 1996, most are independent, but 3 are subsidiaries in which INRIA holds a share of the capital:  Simulog, formed in 1984, dealing with scientific information technology; Ilog, founded in 1987, whose specialty is the combination of artificial intelligence and software engineering; and O2 Technology, started in 1990, whose business is object-oriented database environments.  The businesses of the independent companies include production of digital geographic data, design of robots and associated sensors and software, engineering software, and consulting. 

4.
INTERNATIONAL COOPERATION
INRIA’s scientists strongly believe in the value of international cooperation, and especially their relations with the United States. In addition to its important role in the World Wide Web, INRIA has a formal collaboration with the National Science Foundation dating back to 1987.  A total of 33 joint projects have been funded, of which 12 are still active.  At least two books have resulted from this program.  A joint workshop held at Sophia Antipolis earlier this year attracted some 15 American and some 20 French computer scientists; a follow-up meeting is being planned for 1997 at Princeton.  There are also joint projects with Los Alamos National Laboratory on combustion, and with the University of Colorado on aeroelasticity.  In fact, INRIA has more visitors from the USA, 51 last year, than from any other country.  For the NSF-INRIA exchanges, the suggestion was made that the procedures ought to allow for longer-term travel of students and postdoctoral fellows and that their number be increased.  

INRIA operates a joint research center with the Liapunov Institute of Moscow, and has active collaborations with computer scientists in Israel, Japan, and China in addition to the United States.  INRIA houses the headquarters of the European Research Consortium for Informatics and Mathematics (ERCIM) which has 14 national members including Hungary and the Czech Republic, both recently admitted.  

The programs of the European Commission (EC) also provide many opportunities for international collaboration. The EC requires multinational efforts in their FRAMEWORK and ESPRIT programs, and INRIA participates in a large number of these - 98 ESPRIT projects at last count including 46 for research and development.  At least five of these projects have involved participation of US scientists, including VIVA:geometric invariance in computer vision, REALISE:ecological optics for surfaces, and HYBRID:tools for the analysis of hybrid systems.  

5.
AN ASSESSMENT OF SOFTWARE ENGINEERING AT INRIA
The issues associated with software engineering, theme 2, above, were discussed in the joint NSF-ONR session.  The scientific management of Sophia Antipolis believes that many parameters can go into software development and noted that while most software projects are small, others are very large - on an industrial scale.  Still others are of medium size, or very specialized, such as a real-time computing system.  In software engineering, the most important variables are functionality and quality.  To manage software development, one needs both organization and the appropriate tools - viable software development processes to manage and control software development projects.  Having the correct software tools to support the development process is essential to building a quality software product.  Such software tools are usually encapsulated in programming environments.  

Considering both the discussions and a review of the literature that was provided, INRIA’s software engineering research program can be characterized as concentrating on medium-size software projects.  Because of  their strength in control, they specialize in safety-critical systems.  Specialized functionality, such as real-time computing, plays a significant role in their research efforts and software quality is an important aspect in most of their projects.  There is a very strong emphasis in employing a well-developed mathematical basis for their efforts.  Different programming languages generally support different software processes.  Their research program emphasizes programming languages and their corresponding software development paradigms.

Although much of the INRIA research in software engineering is concentrated in theme 2, above, the main thrusts for the projects may be on a different topic, such as programming languages or symbolic computation. Some of the other INRIA research themes also involve the development of software technology, e.g., the development of software technology for special classes of computation, such as development environments for multimedia applications.  

INRIA views the key software technology problems as being separated into three broad areas:  software development paradigms, software validation and verification, and programming environments.  The choice of programming language is the major decision determining the software development paradigm.  INRIA has numerous efforts in programming languages and their corresponding software development paradigms.  They are particularly strong in functional and object-oriented languages, languages for distributed and real-time computing, and constraint logic programming.  Verification involves demonstrating the program functions according to its requirements.  Formal methods based on solid mathematical techniques are the main approaches to this topic.  They have developed many tools for assisting in the software development process, which are being encapsulated into programming environments.  All of the projects have close ties to other institutions and many have strong industrial connections.  This adds considerable strength and direction to the research projects.

About computational geometry, there was agreement as to its importance to both computer science and many applications.  We discussed the idea of convening a joint workshop to explore the interactions between computational geometry and chemistry.

6.
SUMMARY
In summary, INRIA is clearly a world-level organization.  It has a young, enthusiastic staff.  Its collaboration with US scientists is valuable to both parties. More specifically, INRIA’s  research efforts in the areas associated with software technology are very strong.  They are employing very solid computer science and mathematical techniques in their research. 
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