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The institution where I spent my entire career was called, at its creation in 1977, École Nationale Supérieure des Télécommunications de Bretagne. Today the name is IMT Atlantique. I was recruited as a lecturer as soon as this institution was founded and for about ten years, I devoted myself entirely to teaching semiconductor physics, digital and analog integrated circuits, and microwaves. It was exciting and research did not seem necessary to me, even if of course constant technology survey was indispensable.

In 1988, a colleague I did not know very well asked me for a meeting. He was Alain Glavieux, a recognized expert in digital communications who was working at that time on the improvement of an underwater acoustic video transmission system. This system had already been used to observe the wreck of the Titanic, but its quality needed to be improved.

Alain explained to me in detail what he was proposing to study. The surface receiver contained an equalizer followed by an error-correcting decoder, both functions based on the Viterbi algorithm. But the equalizer could only provide the decoder with binary decisions. I was therefore asked to imagine an equalization circuit, as simple as possible, able to provide the decoder with weighted decisions. These probabilistic data would increase the correction power of the decoder and a gain of about 2 dB could be expected in the link budget.

At that time, the subject was topical and two publications, one by Gérard Battail [START_REF] Battail | Pondération des symboles décodés par l'algorithme de Viterbi[END_REF] and the other by Joachim Hagenauer and Peter Hoeher [START_REF] Hagenauer | A Viterbi Algorithm with Soft-Decision Outputs and its Applications[END_REF] were precious starting points for me. I knew the Viterbi algorithm because I had supervised students in the design of a gate-array integrated circuit on this subject. However, my expertise was still limited.

So here I was, spending days in convolutional code lattices, in the company of probability logarithms and under the double injunction of good performance and simplicity. This work was certainly the most intense of all that I undertook. A convincing result was finally obtained, with the help of my colleague Patrick Adde, and was presented at ICC' 1993 [START_REF] Berrou | A low complexity soft-output Viterbi decoder architecture[END_REF].

This was also the period when some experts were questioning the validity of the limits established by Claude Shannon or, at least, the reasons why they were inaccessible. The best performing code that had been imagined until then was a concatenated code: a Reed-Solomon encoder followed by a convolutional encoder. About three decibels kept it away from the theoretical limit.

Others [4], before me, had observed that the corresponding decoder was suffering from a strong asymmetry. The outer decoder (according to the Berlekamp-Massey algorithm for example) can benefit not only from the redundancy produced by the Reed-Solomon code but also from the work of the inner decoder, and thus indirectly from the redundancy produced by the convolutional code. The reverse is not true: the inner decoder does not benefit from the outer decoder's power of correction.

It seemed to me that this asymmetry could be easily corrected if the Reed-Solomon code was replaced by a second convolutional code. The weighted output Viterbi decoder was now available to implement a near-optimal feedback. A few days were enough to validate this idea and the rest went very quickly: introduction of extrinsic information (the concept had already been introduced in [START_REF] Gallager | Low-density parity-check codes[END_REF], a publication I did not know), invention of recursive systematic convolutional (RSC) codes, replacement of serial concatenation by parallel concatenation. On this last point, the motivation was linked to my intention to concretize this new coding/decoding scheme by an integrated circuit which would be designed in part by my students. Parallel concatenation simplifies considerably the specifications in that only one clock is needed to drive all the elements of the circuit, as opposed to two decoders that work with distinct rates.

Meanwhile, Alain Glavieux and I had become very friendly. One of his doctoral students, Punya Thitimajshima, a Thai national, started to study recursive systematic convolutional codes and made it his main thesis topic. He was also interested in an algorithm that I did not know: the maximum a posteriori (MAP) algorithm [START_REF] Bahl | Optimal decoding of linear codes for minimizing symbol error rate (Corresp.)[END_REF]. Alain and his PhD student pointed out to me that what separated the performance of my new coding/decoding scheme from Shannon's limits could be reduced by replacing the output-weighted Viterbi algorithm with this MAP algorithm. I therefore got interested in it, without being really convinced by the possibility of making a version that could be implemented on silicon. Thus, the patent filed in 1991 on the parallel concatenation of RSC codes and its iterative decoding mentioned the Viterbi decoding with weighted output while the publication, two years later and under the name of turbo code, was based on the MAP algorithm. I salute the memory of Alain and Punya, who were taken from us too soon.

Then came the time of invited conferences and awards. This gave me the opportunity to meet a lot of colleagues, most of whom I was discovering as I was taking my first steps in this vast international coding and communications community. Scientific research is not practiced in a world without relief, fortunately. The diversity of approaches and actors is to be respected and promoted, whether they are experimenters like Marconi or Tesla, or theorists like Poincaré or Einstein. Let us keep in mind what the latter of these great scientists had observed and of which I became convinced: "We can't solve problems by using the same kind of thinking we used when we created them". In this state of mind, interdisciplinarity is a valuable path, albeit a somewhat perilous one, because it is not always fully appreciated by expert committees.