Albert Benveniste

May 28, 1999

Contents

1 Curriculum Vitæ, summary 2

2 Research 4 2.1 Mathematics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 2.2 Signal processing and control . . . . . . . . . . . . . . . . . . . . . 4 2.3 Vibration mechanics . . . . . . . . . . . . . . . . . . . . . . . . . . 6 2.4 Computer science . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 2.5 In between, somewhere . . . . . . . . . . . . . . . . . . . . . . . . . 9

3 Interaction with scientific community 10 3.1 Within France . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 3.2 Worldwide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4 Students 11

5 Contracts 12 5.1 Signal processing and control, and vibration mechanics . . . . . . . 12 5.2 Computer science . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

6 Bibliography 15

1 Curriculum Vitæ, summary

period/date degree, award, grade

1949–. . . : in life 1971 : Ingénieur de l’Ecole des Mines de Paris 1971–1974 : Doctorant at Centre d’Automatique de l’Ecole des Mines de Paris, Fontainebleau 1972 : Master thesis, Paris VI, mathematics, probability, Advisor Paul-André Meyer 1974–1976 : researcher at INRIA Rocquencourt 1975 : Thèse d’Etat in mathématics, probability, Paris VI, Advisor Paul-André Meyer 1976–1979 : Associate Professor, Université de Rennes I, mathématics 1979–1985 : Consulting, CNET-Lannion B 1979–. . . : Directeur de Recherche at INRIA Rennes 1980 : IEEE Trans. on Automatic Control Best Transaction Paper Award (with M. Goursat et G. Ruget) 1990 : Silver Medal CNRS 1991 : IEEE Fellow 1995 : Prix Montpetit de l’Académie des Sciences

period/date international activities

1986–1989 : Vice-Chairman of the IFAC committee on Theory 1987–1990 : Associate Editor for the IEEE Transactions on Automatic Control 1987–. . . : Associate Editor for the Int. J. of Adaptive Control and Signal Processing 1990–1995 : Associate Editor at Large for the IEEE Transactions on Automatic Control 1990–. . . : Associate Editor for the Int. J. of Discrete Event Dynamical Systems 1990–1993 : Chairman of the IFAC committee on Theory, special project on “Facing the challenge of computer science in the industrial applications of control” 1992–. . . : Associate Editor for the Proceedings of the IEEE period/date national activities

1980–1985 : responsible for CNRS network “Outils et Modèles Mathématiques pour l’Automatique et l’Analyse des Systèmes” 1985–1987 : board member for Committee “Automatisation des Processus Continus” (ministère de l’Industrie) 1985–1990 : founder and head of regional research network CBI (Collaboration Bretagne Image) 1987–1996 : founder and head of CNRS national research network C2A 1998-. . . : head of “software” chapter for Réseau National de la Recherche en Télécommunications (RNRT) funding programme

period/date duties at Inria

1978–1994 : head of group “Signal processing and Control” 1982–1994 : member of Scientific board of Inria 1991-1994 : head of Scientific board of Inria-Rennes (Irisa) 1994–1996 : member of Scientific Direction of Inria 1996–. . . : attached to the Director of Inria, Prospective 1996–1998 : in charge of new format for Inria Activity Report

References

general Alain Bensoussan, President CNES. Gabriel Ruget, ENS Cachan and Thomson-CSF.

control Lennart Ljung, Linköping University, Sweden, world leader in “system identification”. Shankar Sastry, University of California at Berkeley. Alan S. Willsky, M.I.T.

computer science Amir Pnueli, Weizmann Institute, Rehovot, Israel, Turing Award. Thierry Gueguen, President company TNI, Brest, France.

mechanics Hermann van der Auweraer, head of R&D, company LMS, Leuven, Belgium.

2 Research

2.1 Mathematics

During 1970-1978, I worked in mathematics on probability theory, in cooperation with Jean Jacod, and having Paul-André Meyer as an advisor. I have contributed to the stochastic theory of Markov processes, and continuous time dynamical systems (“flows”) in ergodic theory. With Jean jacod, I have extended to general Markov processes the Levy-Kintchin formula for processes with independent increments. Then I have proved embedding and isomorphism theorems for continuous time dynamical systems, and have given the complete structure of additive functionals of flows.

2.2 Signal processing and control

In 1976, as suggested by Alain Bensoussan, I started working on adaptive systems, i.e., dynamical systems able to adjust automatically to changes in their environment via learning. My contribution to this topic is summarized in the book [11] written jointly with Michel Métivier and Pierre Priouret. I have investigated several applications of this general technique : data transmission systems, phaselock loops, equalizers and mainly blind equalizers, see [19], a seminal paper, IEEE-AC 1980 Best Transaction Paper Award. Blind equalization consists in retrieving both the channel and the message sent, by only observing the output of the channel. Blind equalization is now a key technology in military, mobile, or generally high performance communication systems.

Problem statement and results. The general statistical framework for adaptive systems is the following. We are given a sequence of vector measurements (Y_n)_{n>0} collected from a system, and we assume Y_n obeys some dynamical system model the structure of which is known, but some vector parameter θ is unknown. Taking into account randomness or uncertainties, we thus assume (Y_n)_{n>0} has distribution P_{θ?} , where θ_⋆ denotes the “true”, unknown value for θ. The aim is to learn θ_⋆ from observing Y_n on-line; this is performed by designing a stochastic approximation, i.e. and iterative algorithm of the form θ_n = θ_{n−1} + γ_nH(θ_{n−1}, Y_n), where γ_n is a small gain sequence and . H(θ_{n−1}, Y_n) is the correcting term. A “first order approximant” of this algorithm, for γ_n small, is then the ODE θ̇ = h(θ), where h(θ) = E_{θ?} H(θ, Y_n), and we must design the correcting term H() such that this ODE converges to the true value θ_⋆ for the parameter θ. This requires (among other) that E_{θ?}H(θ_⋆, Y_n) = 0.

My major contribution in this area has been the following. I have studied the case in which the unknown “true” parameter θ_⋆ is in fact slowly time-varying (the case of adaptation to a changing environment), I studied the behaviour of the above algorithm, and I gave solutions to the problem of best tracking of the system nonstationarities [11, 22, 33].

As for blind equalization [19, 25], it consists of the following mathematical problem. Consider a dynamical system y_n = P^∞_{k=0} h_ka_{n=k} where a_n is the unknown and unobserved input message, h_k is the unknown channel, and y_n is the observed output. How to retrieve at the same time both the channel and the input message? As this problem has infinitely many (irrelevant) solutions from the linear filtering point of view, subtle techniques must be developed that are heterodox in statistics. In [19] we have provided the first ever proven solution for this problem.

In 1980 I started, jointly with Michèle Basseville, the topic of failure detection and diagnostics in dynamical systems, an important topic for the maintenance of industrial and embedded systems. In 1987, we established a generic approach based on the so-called “statistical local approach” originating from LeCam in statistics. Important references are [14] and [30]. This is a topic of international excellence for our group.

Problem statement and results. Consider again a sequence of vector measurements (Y_n)_{n>0} collected from a system, and we assume Y_n obeys some dynamical system model the structure of which is known, but some vector parameter θ is unknown. Now we wish to decide whether this parameter θ changed from some given nominal value (detection), and, in case of positive answer, to identify the cause of the change (diagnostics). We thus assume a nominal value θ_⋆ for the parameter, and we wish to check the current observations (Y_n)_{n>0} against nominal distribution P_{θ?}.

We avoid resourcing to identification and provide a much cheaper solution by directly comparing (Y_n)_{n>0} against P_{θ?}. To this end, consider again H(θ_⋆, Y_n), and check whether this statistics has zero mean, taking into account noise and uncertainties. This is achieved by means of a Central Limit Theorem for 1/ √ n Pn_{k=1 H(θ⋆, Yk), which asymptotically behaves as a Gaus-}

sian random vector with known covariance matrix (reflecting noise and uncertainties) and a mean equal to zero if no change occurred, and different from zero otherwise. This brings the problem back to testing for the mean of a Gaussian random vector, an easy problem. Main relevant references are [11, 27, 29, 30, 44, 53, 55, 56].

From 1987 to 1994, in cooperation with Alan S. Willsky, MIT, inspired by the emerging theory of wavelets, I developed a new theory of multiresolution signal processing by considering stochastic processes indexed by dyadic trees

(instead of the more usual Z integer index domain) [39]. We used this for our application with Schlumberger (cf. section 5.1).

Problem statement and results. We consider an infinite dyadic tree T , and a stochastic process (y_t)_{t∈T} indexed by the vertices of the tree. Shift operators are defined on T , from which a notion of a stationary process (i.e., with shift-invariant distribution) can be defined. Levels of T (formally speaking: “horocycles”) model levels of resolution, and we thus have a multiresolution model for a signal. Stationarity results in a fractal-like behaviour. We have developed a rich theory for such processes, with some applications to the analysis of data at several different resolutions. Major relevant references are [37, 38, 46].

In 1992, with Q. Zhang, A. Iouditski and B. Delyon, I started working on black-box identification of nonlinear systems, using wavelets and other nonparametric methods [50, 51]. An important cooperation with Lennart Ljung, Linköping University in Sweden, resulted in the current preparation of the Nonlinear Modelling Toolbox for Matlab, which is to be commercialized by Mathworks.

Problem statement and results. The basic mathematical problem is the following. We have an input/output system y_n = f(x_n) + v_n, where y, x are observed, v is a noise, and f is an unknown nonlinear function for estimation. As f is not characterized by finitely many parameters, this is called a nonparametric estimation problem. “Simple estimators” (in small dimension function spaces) for f will have a smooth look, but will also smooth out details of interest in f, while complex estimators will be sensitive to noise. The bias/noise tradeoff is thus central. The key difficulty is to provide good estimators for functions that are not uniformly smooth (e.g., mostly smooth, but with sparse singularities). Wavelet networks, wavelet based estimators, and more general classes are efficient at that [36, 50, 51].

2.3 Vibration mechanics

A major application area for our techniques is that of structure analysis in vibration mechanics. The aim is to identify and monitor the vibration characteristics (modes and/or finite element parameters) of structures under operational conditions, not laboratory experiments. Motivated by the breakdown of the offshore platform Alexander Kiland in north sea in 1980 (killing over 50 people), we started this study in 1980 (CNEXO contract on offshore structures) by investigating the problem of structural identification, and, in 1985, we got our first results on damage detection under operational conditions. The main difficulty is that one has to separate the effect of excitation

(unknown and not measured, and irrelevant) from that of the structure itself (the quantity of interest). Until the mid 90’s, this subject was considered as highly prospective in the mechanical engineering community ; on the other hand, while we had important results in the late 80’s [58], we were not able to communicate them in the mechanical engineering community, due to different cultural background. These remained mostly unknown until we met Hermann van der Auweraer, in 1994, from LMS International, Leuven, Belgium, a world leading company in structural measurements and analysis. We now have developed a class of so-called “subspace tests” for early damage detection, and we are still working very hard at improving this, in cooperation with LMS.

Problem statement and results. We start with a mass-and-spring approximation of the vibrating structure: MZ̈(t)+CŻ(t)+KZ(t) = ν(t), where Z is the displacement, M, C, K are the mass, damping, and stiffness matrices, and ν is the ambient, unobserved excitation. We observe a few degrees of freedom: Y (t) = LZ(t). The problem is 1/ to identify the modes from the observations (modes are the eigenvalues and observed part of the eigenvectors of the state differential equation), 2/ to detect if there is some deviation from a given nominal model (given as a collection of nominal modes), and 3/ in case of a deviation, to analyse the cause of the change (change in mass/stiffnes, localization of the damaged elements). The difficulty is: a/ the input excitation is unknown and not measured, b/ it is frequently nonstationary, thus making problems 2 and 3 particularly hard. Our solution consists in monitoring the range space of the observability matrix of the considered dynamical system, this is called a subspace algorithm. To this end, we first have designed a subspace test algorithm, using the general approach indicated above [29, 32, 56, 57, 58, 63] (in fact, things went in the converse way: we first found a simple version of subspace test, then we generalized this, then we were able to re-derive a larger class of subspace tests). Then we have proved [26, 28] the robustness of subspace methods for identification and testing against nonstationary excitation, a difficult result.

2.4 Computer science

In 1981, motivated by the difficulty in developing hardware for TV and speech coding, I started cooperating with Paul Le Guernic, a computer scientist at Irisa, on real-time systems development. We both invented the Signal language in 1985, and met at that time Gérard Berry (inventor of Esterel) and Paul Caspi and Nicolas Halbwachs (inventors of Lustre). This started the community of synchronous languages, a concept promoted by Berry. Our early work on Signal is reported in [65, 68, 69, 71]. The idea of Signal was mathematically very simple: for a reactive system, a specification should be a discrete time, dynamical system, in which different time indices can be used and related together, we called them clocks. In the family of synchronous languages, this point of view was unique to Signal.

Problem statement and results. According to Signal, a specification is a transition system of the form R(X_−, X) in which X_−, X are the past and current state and R is a relation; typically, states are sensed via a finite set of variables taking values in some associated domain. Runs (or “trajectories”) for this specification are obtained by iterating relation R infinitely many times, from some initial condition. Composing specifications is simply obtained by considering the conjunction of such transition relations, very much like systems of equations in math. This is not at all new. The new and interesting idea is to add to every domain of data, a distinguished symbol ⊥ to refer to absence. In this way we make presence/absence explicit and become thus able to reason about synchronisation and formally manipulate clocks. Whence the so-called “clock-calculus” of Signal, which synthesizes the global synchronisation for a program from partial, local synchronisation given in the specification. Mathematically speaking, this is very much like handling infinite sequences with many different time indices (the “clocks”, they can be several thousands) in an assisted way. Thus we can refer to a signal or to a subsystem only when it is active, and we need not to mention it otherwise. Specifying a real-time and reactive system in Signal thus becomes affordable, even if very complex synchronisation mechanisms are involved.

This point of view revealed extremely fruitful when dealing with systems built from components, as time references should be local to components and not universal. Also it proved instrumental in dealing with the problem of targeting asynchronous architectures, see the Sacres project and recent references. Taking advantage of these features, we are currently developing a variation of Signal to serve as a behavioural semantic backbone for the UML notation in object oriented software design. Also, I believe that we can easily extend synchronous programming techniques from Signal to a certain degree of dynamic creation, sufficient for reactive systems applications based on object oriented design techniques.

Problem statement and results. In our previous model, the notion of absence was global to the specification: the system evolves according to a sequence of (global) transitions (mapping past to current state) and thus the presence/absence status of each variable is known at each transition. When we move to distributed systems, such a global notion of state is no more relevant, as it is generally not possible (or at least very costly) to sense globally the state of a distributed system: building the global state requires to communicate according to complex protocols which by no means can be considered implicit. Thus we need to consider models of dynamical systems suitable to distributed systems: these are known. Events at one given site can be totally ordered as usual, and remote events can be related only if some specific information tells us so (e.g., emission/reception of a message is an example of such a relation). These are models in which time is only partially ordered.

The synchrony/asynchrony problem refers to the ability to move consistently from our first view to the second one. We have characterized when this can be done correctly [79, 80], and, as a byproduct, we get a method for automatically generating protocols that will allow a correct deployment on a distributed architecture; the new feature is that those protocols are tightly tailored to the considered application, and thus are in some sense “minimal cost”. All this is implemented in our Signal compiler by Paul Le Guernic and his team in the framework of Esprit-Sacres project.

All this work is the basis for a continuing cooperation with TNI, a small company in software engineering located in Brest, France. TNI is currently marketing the Sildex tool for Signal, for aeronautics and control applications^1.

2.5 In between, somewhere

Being active in both control and computer sciences, I always dreamed blending the two in some way. This was not obvious. My first success was the establishment of a version of probability theory suitable for distributed systems in the computer science setting, in which no notion of a global state is available. In particular, jointly with Bernard Levy (UC Davis), I developed a compositional theory of random variables [72], having some relation with Bayesian networks. Then, with Eric Fabre and Claude Jard, I developed an extension of Hidden Markov Model (HMM) theory to distributed systems [54]. Our aim is to apply this theory and algorithms to failure diagnostics in telecommunication networks, a research in progress.

Problem statement and results. Consider a stochastic automaton in which both transitions and events attached to the transitions are random; this is also referred to in mathematical theory of probability as a semi-Markov chain, and to Hidden Markov Model (HMM) in pattern recognition. The problem is to infer the most likely hidden state transition from observed sequence of events (the so-called Viterbi algorithm). This is a central tool in

1See http://www.tni.fr/ and http://www.tni.fr/sacres/ speech recognition today, and one possible approach for the fault diagnostics of discrete event systems. We have provided a generalization of this tool for distributed systems, in which no global state is available and time is a partial order. More precisely, we have extended HMM theory to Petri Nets with their partial order, true concurrency, semantics. The generalization is not at all easy, and we work hard at deriving a distributed version of the Viterbi algorithm.

3 Interaction with scientific community

3.1 Within France

See summary in section 1, I only comment major items.

From 1987 to 1996 I have created and headed the C2A national research network. This network focussed on the technologies needed to develop reactive and embedded systems (aeronautics and avionics, automobile, telecoms, process industry, and the like). In addition to academic partners from both computer science and control, industrial partners have included EDF, GDF, IFREMER, BERTIN, CISI, CETIA, CGEE-ALSTHOM, CGE-Marcoussis, MERLIN-GERIN (now Schneider),THOMSON-AVG, SIMULOG, VERILOG, TNI, Snecma, and more. This group has strongly contributed to the promotion of synchronous languages, and has led in particular to the launching of Eureka-Synchron project. It was also the origin of Esprit SACRES project.

At Inria, since about 1990, I have been playing the role of a sort of marketing manager for research, attached to the board of the institute. My duty is 1/ to focus on some industrial areas (embedded systems, telecommunications), 2/ to analyse and understand bottlenecks and needs from industry, and 3/ to infer from this suggestions for research activities and new projects. In particular I have contributed to building a scientific partnership between Alcatel and Inria ; to this end, a 1 year consultancy was performed at corporate level, from which several important research projects resulted, involving different groups at Inria.

Since 1998, I am head of the “software chapter” for the RNRT National Funding programme for research in telecommunications. I have headed the selection of projects for three rounds, each of them distributing about 50 Million FF (nearly 10 Million US$).

3.2 Worldwide

As a programme for my period as a Chairman, IFAC Committee on Theory, I have proposed the IEEE-IFAC joint project “Facing the Challenge of Computer Science in the Industrial Applications of Control”. The purpose was to understand interactions between computer science and control in industry and research. For this I performed interviews of people at technical managerial level at Thomson-CSF, GEC-Alsthom, Siemens, see reports in [34, 35, 40, 41, 42, 43].

In 1997 I created the conference Formal methods in safety critical embedded systems, FemSys. I have been co-chairman of FemSys’97 and FemSys’99. This is an original event, as it is targeted to advanced R&D engineers from industry, and to academia, which appeared to be an interesting mix. Exhibition was a major part of the event.

I have been PC member of a number of conferences in control, and more recently, in computer science. I have been expert for grant submissions at NSF-Usa, NSF-Canada, NSF-Australie, SBIR-USA, NUTEK-Sweden, FSR- Sweden (Foundation for Strategic Research).

4 Students

The table to follow summarizes my advisory activities. A ? indicates that I am co-advisor.

period nom subject current situation

1977-1979 C. Richard TV intra-image coding Thomson tce 1978-1980 C. Chauré speech coding Thomson Sintra 1980-1982 C. Labit TV inter-image coding DR-Inria 1980-1982 M. Prevosto vibration mechanics Ifremer 1981-1983 P. Bouthemy Meteo Images DR-Inria 1982-1984 D. Pelé ⋆ Geophysics CCETT 1984-1986 R. André-Obrecht speech recog. Cnrs, Toulouse 1985-1987 A. Rougée ⋆ vibration mechanics CGR 1986-1988 G. Le Vey ⋆ vibration mechanics Ec. Mines Nantes 1986-1988 S. Huan Yu ⋆ speech recog. Startup Californie 1989-1991 B. Gach ⋆ vibration mechanics Valeo 1990-1992 Q. Zhang ⋆ Wavelet networks CR-Inria 1991-1993 B. Claus Multiscale Sig. Proc. Startup Boston 1992-1994 E. Fabre Bayesian networks Inria 1993-1995 G. Mathis ⋆ diagnostics Ingenia 1996-1998 S. LePotier ⋆ mobile comm. CCETT-FT 1996-1998 A. Aghasaryan ⋆ TMN, diagnostics CNET-FT 1997-1999 L. Tromp ⋆ hybrid syst. diagnostics

5 Contracts

5.1 Signal processing and control, and vibration mechanics

ffl CCETT (TV lab. of France Telecom), 1979-1980, 50,000FF, TV coding. Responsible. Patent.

ffl CNET (research lab. of France Telecom), 1980-1982, 100,000FF, speech coding. Responsible. Patent.

ffl Schlumberger, 1981, 150,000FF, Well logging in geophysics. Responsible.

ffl CNET, 1982-1983, 100,000FF, Blind equalizers in data transmission.

Participant.

ffl CNEXO (now IFREMER, National Lab. for sea), 1982-1984, 150,000FF, Structural identification of offshore structures subject to vibrations. Responsible.

ffl CCETT, 1982-1983, 50,000FF, TV coding with motion compensation.

Responsible. Patent.

ffl Schlumberger, 1982-1983, 180,000FF, dipmeter data processing in well logging. Responsible.

ffl CNEXO, 1984-1986, Structural damage monitoring of offshore structures subject to vibrations. Responsible.

ffl CNET, 1985-1986, 200,000FF, speech signal segmentation. Responsible.

ffl CNEXO, 1986, Structural damage monitoring of offshore structures subject to vibrations, follow-up of the former one. Responsible.

ffl EdF (Electricité de France), 800,000FF, Structural identification and damage monitoring of rotating machinery. Participant.

ffl Joint government grant, with CGEE-Alsthom, 1988-1989, 200,000FF, Assessment of failure detection techniques developed in our group. Participant.

ffl CNET, 1986-1988, 300,000FF, acoustic-phonetic speech recognition.

Responsible.

ffl Alcatel-Alsthom-Recherche, 1988-1990, 50,000FF, consulting on failure detection and monitoring techniques. Responsible.

ffl Joint government grant, with Alcatel-Alsthom-Recherche, 1990-1992, 200,000FF, Wavelet and neural networks for control. Responsible.

ffl EGT-Alsthom, Belfort, 1990-1994, 150,000FF, Identification and condition based maintenance of gas turbines. Participant and head of contract negociations. Prototype system implemented by EGT-Alsthom.

ffl Schlumberger, 1993-1995, 200,000FF, Multiresolution signal processing with applications to well logging in geophysics. Responsible. Results implemented on industrial product.

ffl EdF, 1994-1996, 400,000FF, Non-intrusive identification of electricity consumption in utilities and houses (which equipment contributes to what consumption). Participant.

ffl Renault, 1994-1996, 200,000FF, Monitoring and diagnostics of a catalytic converter. Participant.

ffl CNET, 1996-1998, 200,000FF, Failure diagnostic in telecom networks.

Participant.

ffl Eureka-Sinopsys european project, headed by LMS International (Leuven Measurement Systems), 1996-1999, 1 Million FF for Inria. Responsible for Inria.

ffl RNRT project Magda, 1998-2000, 700,000FF for Inria. FT-Cnet (leader), Alcatel, Ilog, Inria, Univ. Paris Nord. Developing distributed diagnostics techniques for telecommunication networks.

5.2 Computer science

ffl Joint government contract for the C2A research group, 1988-1990, 800,000FF, synchronous languages. Responsible.

ffl Joint government contract for the C2A research group, 1990-1992, 1 Million FF, follow-up of the former one. Responsible.

ffl Joint government contract for the C2A research group, 1991-1993, 500,000FF, in support of the preparation of the Eureka-Synchron european project. Responsible.

ffl Joint french army contract for the C2A research group, 1994, 500,000FF, in support of the preparation of the Eureka-Synchron european project. Responsible.

ffl Joint government contract for the C2A research group, 1992-1994, 1.5 Million FF, follow-up of the former one. Responsible.

ffl Eureka-Synchron european project, 1993-1996, Verilog (France, leader), TNI (France), Schneider-Electric (France), Snecma (France), Saab Military Aircraft (Sweden), VTT (Finland), Inria (Rennes, Rocquencourt, Grenoble, Sophia-Antipolis), GMD (Germany). Head D. Pilaud, Verilog. Responsible for Inria.

ffl Alcatel-Alsthom-Recherche, 1994, 50,000FF, consulting (“research marketing ”), resulting in the contracts to follow, plus other ones not involving myself. Responsible.

ffl “Reutel”, Joint government contract with Alcatel-Alsthom-Recherche, 1996-1997, 500,000FF, Object oriented techniques for telecom software engineering. Participant.

ffl Alcatel-Alsthom-Recherche, 1998-2000, 3 Million FF, follow-up of the former one. Participant.

ffl Esprit I&T project Sacres, 1995-1998, 1.5 Million FF for Inria. Synchonous programming technology for Safety Critical Embedded Systems. Siemens (leader), iLogix, TNI, BAe, Snecma, Offis, Inria, Weizmann Inst. Participant.

ffl Esprit LTR project Syrf, 1996-1999, 600,000FF for Inria-Rennes. Synchronous languages. Verimag (leader), Inria-Rennes, Inria-Sophia Antipolis, GMD, Linköping Univ., Prover Technologies, EdF, Schneider Electric and Saab Military Aircraft. Participant.

6 Bibliography

I only list major references : books, articles in refeered journals, plus a few additional important items.

References

[1] Mathematics

[2] A. Benveniste. Application de deux théorèmes de g. mokobodzki à l’existence d’un noyau de lévy sans hypothèse (l). In Séminaires de probabilités VII de Strasbourg, Berlin, Heidelberg, New York, 1973. LNM, Springer Verlag.

[3] A. Benveniste and J. Jacod. Systèmes de lévy des processus de markov.

Inventiones Mathematicæ, 21, 1973.

[4] A. Benveniste and J. Jacod. Projection des fonctionnelles additives et représentation des potentiels d’un processus de markov. C.R.A.S., série A, 276, 1973.

[5] A. Benveniste. Processus stationnaires et mesures de palm du flot spécial sous une fonction, thèse d’etat, paris vi. In Séminaires de probabilités IX de Strasbourg, Berlin, Heidelberg, New York, 1975. LNM, Springer Verlag.

[6] A. Benveniste. Flots filtrés et flots de processus à acroissements indépendants. Zeitschrift f. Wahrsch. verw. Geb., 41, 1977.

[7] A. Benveniste and J. Jacod. An application of martingale theory to ergodic theory. Lietuvos Mat. Rynkinis, 1978.

Image processing

[8] C. Richard, A. Benveniste, and F. Kretz. Recursive estimation of local characteristics of edges in tv pictures as applied to adpcm coding. IEEE Trans. Communications, COM-32:718–728, 1984.

[9] P. Bouthemy and A. Benveniste. Modelling of atmospheric disturbances+ meteorological satellite pictures. IEEE Trans. on Pattern Analysis and Machine Intelligence, PAMI-6:587–600, 1984.

[10] C. Richard, F. Kretz, and A. Benveniste. Dispositif pour le suivi et l’estimation récursive de l’état local des contours, et application à la prédiction adaptative en codage différentiel des signaux de télévision, 1979. International patent.

Signal processing and control : books

[11] A. Benveniste, M. Métivier, and P. Priouret. Adaptive algorithms and stochastic approximations. Springer Verlag, Applications of Mathematics, vol. 22, Berlin, Heidelberg, New York, 1990. also available in French, Masson 1987.

[12] A. Benveniste Ed. Techniques probabilistes en automatique et traitement du signal. Outils et modèles mathématiques pour l’automatique, le traitement du signal et l’analyse de systèmes vol 1, Editions du CNRS, Paris, 1982.

[13] A. Benveniste and P. Dewilde Eds. Fast algorithms for linear systems.

Outils et modèles mathématiques pour l’automatique, le traitement du signal et l’analyse de systèmes vol 2, Editions du CNRS, Paris, 1983.

[14] M. Basseville and A. Benveniste Eds. Detection of abrupt changes in signals and systems. LNCIS vol 77, Springer Verlag, Berlin, Heidelberg, New York, 1986. also available in Russian.

Signal processing and control : article in referred journals and other major items

[15] A. Benveniste, P. Bernhard, and G. Cohen. Commande hiérarchisée avec coordination en ligne d’un système dynamique. RAIRO, J-4, 1972.

[16] A. Benveniste, P. Bernhard, and G. Cohen. Comparaison de deux principes de coordination en commande hiérarchisée. RAIRO, J-3, 1973.

[17] A. Benveniste, P. Bernhard, and G. Cohen. Decentralization without coordination. Ricerche di Automatica, 5(1), 1974.

[18] A. Benveniste, C. Chauré, and A. Gilloire. Dispositif pour la prédiction adaptative en vue d’un procédé de codage différentiel adaptatif avec mise en forme du bruit de quantification, et application à la transmission numérique des signaux de parole, 1980. International patent.

[19] A. Benveniste, M. Goursat, and G. Ruget. Robust identification of a nonminimum phase system: blind adjustment of a linear equalizer in data communications. IEEE Trans. Automat. Contr., AC-25:385–399, 1980. IEEE-AC Transactions best paper award.

[20] A. Benveniste, M. Goursat, and G. Ruget. Analysis of stochastic approximation schemes with discontinuous and dependent forcing terms, application to data communication algorithms. IEEE Trans. Automat. Contr., AC-25:1052–1058, 1980.

[21] A. Benveniste and C. Chaure. AR and arma identification algorithms of the levinson type: an innovations approach. IEEE Trans. Automat. Contr., AC-26:1243–1261, 1981.

[22] A. Benveniste and G. Ruget. A measure of the tracking capability of recursive stochastic algorithms with constant gains. IEEE Trans. Automat. Contr., AC-27:639–649, 1982.

[23] M. Basseville and A. Benveniste. Design and comparative study of some sequential jump detection algorithms for digital signals. IEEE Trans. Acoustics, Speech, and Sig. Proc., ASSP-31:521–535, 1983.

[24] M. Basseville and A. Benveniste. Sequential detection of abrupt changes in the spectral characteristics of digital signals. IEEE Trans. Info. Theory, IT-29:709–723, 1983.

[25] A. Benveniste and M. Goursat. Blind equalizers. IEEE Trans. Communicatons, COM-32:871–883, 1984.

[26] A. Benveniste and JJ. Fuchs. Single sample modal identification of a nonstationay stochastic process. IEEE Trans. Automat. Contr., AC- 30:66–74, 1985.

[27] M. Basseville, A. Benveniste, and G. Moustakides. Detection and diagnosis of abrupt changes in modal characteristics of nonstationary digital signals. IEEE Trans. Info. Theory, IT-32:412–417, 1986.

[28] G. Moustakides and A. Benveniste. Detecting changes in the ar parameters of a nonstationary arma process. Stochastics, 16:137–155, 1986.

[29] M. Basseville, A. Benveniste, G. Moustakides, and A. Rougée. Detection and diagnosis of changes in the eigenstructure of nonstationary multivariable systems. Automatica, 23(4):479–489, 1987.

[30] A. Benveniste, M. Basseville, and G. Moustakides. The asymptotic local approach to change detection and model validation. IEEE Trans. Automat. Contr., AC-32:583–592, 1987.

[31] A. Rougée, M. Basseville, A. Benveniste, and G. Moustakides. Optimum robust detection of changes in the ar part of multivariable arma processes. IEEE Trans. Automat. Contr., AC-32(12):1116–1120, 1987.

[32] M. Basseville, A. Benveniste, G. Moustakides, and A. Rougée. Optimal sensor location for detecting changes in dynamical behaviour. IEEE Trans. Automat. Contr., AC-32(12):1067–1075, 1987.

[33] A. Benveniste. Design of adaptive algorithms for the tracking of timevarying systems. Int. J. of Adaptive Control and Signal Processing, 1(1):3–31, 1987.

[34] K.J. Aström, A. Benveniste, P.E. Caines, G. Cohen, L. Ljung, and P. Varaiya. Facing the challenge of computer science in the industrial applications of control. IEEE Control Systems Magazine, 11(4):86, 1991. IEEE-IFAC Joint project.

[35] A. Benveniste. Meetings held with thomson csf, gec-alsthom, and siemens-ag. IEEE Control Systems Magazine, 11(4):86–94, 1991. IEEE- IFAC Joint project, minutes of meetings.

[36] Q. Zhang and A. Benveniste. Wavelet networks. IEEE Trans. Neural Nets., NN-3(6):889–898, 1992.

[37] M. Basseville, A. Benveniste, and A.S. Willsky. Multiscale autoregressive processes, part i : Schur-levinson parametrizations. IEEE Trans. Acoust., Speech, Signal Proc., ASSP-40(8):1915–1934, 1992.

[38] M. Basseville, A. Benveniste, and A.S. Willsky. Multiscale autoregressive processes, part ii : lattice structures for whitening and modelling. IEEE Trans. Acoust., Speech, Signal Proc., ASSP-40(8):1935– 1954, 1992.

[39] M. Basseville, A. Benveniste, K.C. Chou, S.A. Golden, R. Nikoukhah, and A.S. Willsky. Modeling and estimation of multiresolution stochastic processes. IEEE Trans. Information Theory, IT-38(2):766–784, 1992.

[40] A. Benveniste and K.J. Aström Eds. ieee-ifac special issue on meeting the challenge of computer science in the industrial applications of control. Automatica, 29(5):1165–1344, 1993. IEEE-IFAC Joint project.

[41] A. Benveniste and K.J. Aström Eds. ieee-ifac special issue on meeting the challenge of computer science in the industrial applications of control. IEEE Trans. Automat. Contr., AC-38(7):1003–1105, 1993. IEEE- IFAC Joint project.

[42] A. Benveniste and K.J. Aström. Meeting the challenge of computer science in the industrial applications of control: an introductory discussion to the special issue. Automatica, 29(5):1169–1176, 1993. IEEE-IFAC Joint project, A prospective paper.

[43] A. Benveniste and K.J. Aström. Meeting the challenge of computer science in the industrial applications of control: an introductory discussion to the special issue. IEEE Trans. Automat. Contr., AC-38(7):1004–1010, 1993. IEEE-IFAC Joint project, A prospective paper.

[44] M. Basseville and A. Benveniste. Early warning of slight changes in systems. Automatica, 30(1):95–113, 1994.

[45] K.C. Chou, A.S. Willsky, and A. Benveniste. Multiscale recursive estimation, data fusion, and regularization. IEEE Trans. Automat. Contr., AC-39(3):464–478, 1994.

[46] A. Benveniste, R. Nikoukhah, and A.S. Willsky. Multiscale system theory. IEEE Trans. Circuits Syst., CAS-41(1):2–15, 1994.

[47] A. Juditsky, Q. Zhang, B. Delyon, PY. Glorennec, and A. Benveniste.

Wavelets in identification. In Proc. IFAC/Sysid’94, Copenhagen, 1994. a Tutorial.

[48] A. Juditsky, Q. Zhang, B. Delyon, PY. Glorennec, and A. Benveniste.

Wavelets in identification. In Identification, adaptation, learning, S. Bittanti G. Picci Eds., Series F: Computer and systems sciences, volume 153, pages 435–478. NATO ASI Series, Springer Verlag, Berlin, 1994.

[49] B. Delyon, A. Juditsky, and A. Benveniste. Accuracy analysis for wavelet networks. IEEE Trans. Neural Networks, NN-6(2), 1995.

[50] J. Sjöberg, Q. Zhang, L. Ljung, A. Benveniste, B. Delyon, P-Y. Glorennec, H. Hjalmärsson, and A. Juditsky. Nonlinear black-box modelling in system identification: a unified overview. Automatica, 31, 1995.

[51] A. Juditsky, H. Hjalmärsson, A. Benveniste, B. Delyon, L. Ljung, J. Sjöberg, and Q. Zhang. Nonlinear black-box modelling in system identification: mathematical foundations. Automatica, 31, 1995.

[52] B.C. Levy, A. Benveniste, and R. Nikoukhah. High-level primitives for recursive maximum likelihood estimation. IEEE Trans. Automat. Contr., AC-41(8):1125–1145, 1996.

[53] B. Delyon and A. Benveniste. On the relationship between identification and local test. In Proc. IEEE Conf. on Decision and Control, San Diego, USA, Dec 1997.

[54] A. Aghasaryan, E. Fabre, A. Benveniste, R. Boubour, and C. Jard.

Fault detection and diagnosis in distributed systems : an approach by partially stochastic petri nets. Journal of Discrete Event Dynamical Systems, 8(2):203–231, June 1998. special issue on hybrid systems.

[55] Q. Zhang, M. Basseville, and A. Benveniste. Fault detection and isolation in nonlinear dynamical systems: a combined input-output and local approach. Automatica, 34(11):1359–1374, Nov 1998.

[56] M. Basseville, M. Abdelghani, and A. Benveniste. Subspace-based fault detection algorithms for vibration monitoring. Automatica. to appear.

Vibration Mechanics

[57] M. Prevosto, M. Olagnon, A. Benveniste, M. Basseville, and G. Le Vey.

State space formulation: a solution to modal parameter estimation. J. of sound and vibrations, 148(2):329–342, 1991.

[58] M. Basseville, A. Benveniste, B. Gach Devauchelle, M. Goursat, D. Bonnecase, P. Doray, M. Prevosto, and M. Olagnon. Damage monitoring in vibration mechanics : issues in diagnostics and predictive maintenance. Mechanical Systems and Signal processing, 7(5):401–423, 1993.

[59] M. Abdelghani, M. Basseville, and A. Benveniste. In-operation damage monitoring and diagnostics of vibrating structures, with applications to offshore structures and rotating machinery. In Proceedings of IMAC-XV, International Modal Analysis Conference, San Diego, Feb 1997.

[60] M. Abdelghani, M. Basseville, A. Benveniste, L. Hermans, and H.van der Auweraer. A subspace-based fault detection algorithm with application to in-operation monitoring and diagnostics of vibrating structures. In Proceedings of IMAC-XVI, International Modal Analysis Conference, Santa Barbara, Feb 1998.

[61] M. Abdelghani, M. Basseville, and A. Benveniste. Modal model validation for vibrating structures under non-stationary operating conditions.

In Proceedings of IMAC-XVI, International Modal Analysis Conference, Santa Barbara, Feb 1998.

[62] M. Abdelghani, M. Basseville, A. Benveniste, E. Balmès, L. Hermans, and H. van der Auweraer. Assessment of subspace fault detection algorithms on a realistic simulator-based example. In Proceedings of IMAC- XVII, International Modal Analysis Conference, Kissimmee, Feb 1999.

[63] L. Mevel, M. Basseville, A. Benveniste, M. Abdelghani, , L. Hermans, and H. van der Auweraer. Application of a subspace-based fault detection method to industrial structures. In Proceedings of IMAC-XVII, International Modal Analysis Conference, Kissimmee, Feb 1999.

Computer science and software

[64] P. Le Guernic, A. Benveniste, P. Bournai, and T. Gautier. Signal, a data-flow oriented language for signal processing. IEEE Trans. Acoust., Speech, Signal Proc., ASSP-34:362–374, 1986.

[65] A. Benveniste and P. Le Guernic. Hybrid dynamical systems theory and the signal language. IEEE Trans. Automat. Contr., AC-35(5):535–546, 1990.

[66] A. Benveniste and G. Berry. The synchronous approach to reactive and real-time systems. Proc. of the IEEE, 79 n^o9, special section “Another look at Real-time programming”, 1991.

[67] A. Benveniste and G. Berry Eds. Another look at real-time programming, special section. Proc. of the IEEE, 79 n^o9, Sept. 1991.

[68] A. Benveniste, P. Le Guernic, and C. Jacquemot. Programming with events and relations: the signal language and its semantics. Science of Computer Programming, 16:103–149, 1991.

[69] A. Benveniste, P. Le Guernic, Y. Sorel, and M. Sorine. A denotational theory of reactive synchronous systems. Information and Computation, 99 n^o2:192–230, 1992.

[70] A. Benveniste, M. LeBorgne, and P. Le Guernic. Hybrid systems:

the signal approach. In Hybrid systems, R.L. Grossman, A. Nerode,

A.P. Ravn and H. Rishel Eds., LNCS, volume 736, pages 230–254. Springer Verlag, Berlin, 1993.

[71] A. Benveniste, P. Caspi, P. Le Guernic, and N. Halbwachs. Dataflow synchronous languages. In A decade of concurrency, de Bakker et de Roever Eds., LNCS, volume 803, pages 1–46. Springer Verlag, Berlin, 1993.

[72] A. Benveniste, B.C. Levy, E. Fabre, and P. Le Guernic. A calculus of stochastic systems for the specification, simulation, and hidden state estimation of hybrid stochastic/nonstochastic systems. In Formal techniques in real-time and fault-tolerant systems, H. Langmaack and de Roever Eds., LNCS, volume 863, pages 149–169. Springer Verlag, Berlin, 1994.

[73] A. Benveniste. Synchronous languages provide safety in reactive systems design. Control Engineering, pages 87–89, Sept. 1994. for a large audience.

[74] A. Benveniste, B.C. Levy, E. Fabre, and P. Le Guernic. A calculus of stochastic systems for the specification, simulation, and hidden state estimation of mixed stochastic/nonstochastic systems. Theoretical Computer Science, 152:171–217, 1995.

[75] A. Benveniste. Compositional and uniform modelling of hybrid systems. In Hybrid systems iii, R. Alur, T.A. Henzinger, E.D. Sontag Eds., LNCS, volume 1066, pages 41–51. Springer Verlag, Berlin, 1996.

[76] A. Benveniste. Compositional and uniform modelling of hybrid systems.

IEEE Trans. on Automatic Control, AC-43(4):579–584, April 1998.

[77] A. Benveniste, C. Jard, and S. Gaubert. Algebraic techniques for timed systems. In Proc. of CONCUR’98, D. San Giorgi and R. de Simone Eds., LNCS, volume 1466. Springer Verlag, Berlin, Sept 1998.

[78] A. Benveniste. Safety critical embedded systems: the sacres approach. In Formal techniques in Real=Time and Fault Tolerant Systems, FTRTFT’98 school, Lyngby, Denmark, Sept 1998.

[79] A. Benveniste, B. Caillaud, and P. Le Guernic. Compositionality in dataflow synchronous languages: specification & distributed code generation. Information and Computation. to appear.

[80] A. Benveniste, B. Caillaud, and P. Le Guernic. From synchrony to asynchrony. In Proc. of CONCUR’99, Aug 1999.