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Introduction

LIX is the Laboratory for Informatics at X, the nickname of École Polytechnique. For that reason, LIX
must be the flag of informatics research for the students of the school, in order to attract them, and for
the alumnis, some of them holding important positions in the french economy. This implies some diversity in our activities, a constant quest for excellence, a
world-wide reputation, strong industrial relationships,
and, last but not least, a clear vision of the informatics
landscape in the coming years.
LIX is a research unit common to École Polytechnique and CNRS. The laboratory has now reached
and slightly passed a total of 120 members, teaching
staff, full-time researchers, postdocs, phds and support staff. The numerous interns are not considered
laboratory members even those finishing their master. Visitors are not counted either, unless they stay at
least 6 months in the laboratory. LIX is organized into
10 teams described below, among which 6 of them
host an INRIA project, and one is common with CEALIST1 .
As of today, the activities of the laboratory can
be categorized into three different fundamental areas,
each area grouping from 2 to 4 research teams of a
comparable size :
Algorithmics, with four teams :

their resolution by tractable algorithms, possibly to the price of a probabilistic or a heuristic
approach.
3. Bio-informatics (B IO - INFORMATIQUE) is interested in the modelling of biological entities
(such as the genome) in order to propose effectively computable, predictive models of structure and functionality.
4. Combinatorial models (M ODÈLES COMBINA TOIRES ) studies the combinatorial properties
of complex objects (sandpiles, random graphs,
graph embeddings, digitalized signals) with applicative goals in statistical physics and informatics (algorithmic geometry, web queries,
graph design).
Communication networks, with two teams :
5. H IPERCOM is interested in routing protocols
that scale up for very large ad’hoc networks
with a garanteed quality of service, and their
normalization by IETF. H IPERCOM is part of a
large INRIA project of the same name currently
located at INRIA-Rocquencourt3 .
6. Cryptology (C RYPTOLOGIE) is specialized
in algorithmic number theory for cryptography based on algebraic curves, aiming at
building ressource-efficient cryptosystems for
smart card or RFID applications. C RYPTOLO GIE hosts the INRIA project TANC .

1. Algebraic Models and Symbolic Computations (M ODÈLES A LGÉBRIQUES ET C ALCULS
S YMBOLIQUES) nicknamed MAX, is interested in algebraic models, that is, based on commutative or differential algebra, and in their applications to geometry, control theory, signal
analysis and informatics. M ODÈLES A LGÉ BRIQUES ET C ALCULS S YMBOLIQUES host
the INRIA project A LIEN2 .

Formal methods with four teams :
7. L OGI C AL is specialized in the design of logical systems and the implementation of proof
assistants that can support formal proofs of mathematical statements, in order to carrying out
the correctness proof of critical software. L O GI C AL hosts the INRIA project of the same
name.

2. Algorithms

and
optimisation
(A LGO O PTIMISATION) is interested
in combinatorial optimisation problems and in
RITHMIQUE ET

1

The Commissariat à l’Énergie Atomique is one of the major french research and development institutions and the Laboratoire
pour l’Intégration des Systèmes et des Technologies is the laboratory for computer science at CEA.
2
A LIEN is colocated at INRIA-Saclay-Île-de-France and INRIA-Nord-Picardie.
3
Although the LIX part of Hipercom has been very active at École Polytechnique for over two years, the decision of colocating
Hipercom at both INRIA-Rocquencourt and INRIA-Saclay-Île-de-France has not been formally taken yet but is expected for the end
of 2007.
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8. PARSIFAL studies the logical foundations of
programming and verification, aiming at designing theorem provers based on proof search
as are logic programming interpreters. PARSI FAL hosts the INRIA project of the same name.

in particular in presence of drastic variations of the
signal’s parameters. Teams in networking are even
more concerned since routing communications and
ensuring their protection is their main activity. Teams
in formal methods are also interested as an application
area of the techniques they develop : security of the
crytographic protocols (assuming perfect encrytion)
and safety of the communication protocols are key
questions in this area that they address. This expertise in telecommunications is at work in our research
project mentionned before.

9. C OMÈTE is interested in models for concurrent, distributed, probabilistic computations, aiming at building tools for programming applications distributed over a mobile networks, and
verifying their correct behaviour by probabilistic model checking techniques. C OMÈTE has
been located at École Polytechnique from the
Bio-informatics is the second area, in which we
beginning, and should become an INRIA pro- try to build complementary forces. Besides the B IO ject very soon4 .
INFORMATIQUE team, several other teams are also
10. M E ASI is interested in the modelling, design interested in problems that arise in this area. M O and verification of Complex Industrial Systems DÈLES COMBINATOIRES is interested in molecular
built themselves from components which are biology because of the data structures needed to recomplex systems, the basic components being present and query efficiently molecules as 3-D structures, and A LGORITHMIQUE ET OPTIMISATION is
either software or hardware systems.
M E ASI is a common research team of CEA- interested as well in the numerous optimisation proLIST and LIX, with a LIST component and a blems that arise when reconstructing these 3-D strucLIX component. We describe here the activities tures. Besides, logic is now heavily used to represent
of the LIX part, some of which are carried out and understand the activity of biological entities viewed as concurrent agents propagating some sort of inin common with the CEA-LIST part.
formation. These questions have recently been consiBesides this activity of the research teams centedered in C OMÈTE.
red around an individual project with focused goals,
LIX is a laboratory common to École Polytechthe laboratory tries to organize the research on a larger
scale by providing a friendly research environment nique and CNRS, with a growing influence from
suitable for collaborations. In particular, we support a INRIA, with respect to both the scientific personsmall cafeteria, seminars, working groups, an annual nel and the research goals. But LIX is not an INcolloquium of a growing reputation, and have started RIA laboratory. Besides, CNRS and INRIA evaluaan ambitious research project involving many teams tions obey very different modalities, and happen at
in the laboratory. We indeed like to promote a double different times. This situation has an important imreading of the activities in the laboratory. The first rea- pact on the daily life of the laboratory, on its mading is the team description, while the second is by nagement, and even on the writing of this report. In
target areas : telecommunications -in a broad sense- particular, this report is written in english. One reaand bio-informatics are two important areas in which son is that we wanted to reuse the reports written for
the recent INRIA evaluations. Another was to allow
we try or plan to focus our efforts.
Telecommunications is the first area of expertise for non-french external evaluators. A last reason was
of the lab. Our claimed goal is to develop a global ex- to have an english-written scientific document descripertise in telecommunications, and we think that we bing our research in details for posting on our webalready cover a fair spectrum of it. Teams in algo- site. The overal quality of our english is probably merithmics are interested in many problems of a combi- diocre. We beg our english-speaking colleagues for
natorial nature that exist in mobile communications, their forgiveness.
Which research organism a researcher or staff
for which the underlying hard optimisation problems
may need approximations. MAX (via the INRIA pro- member belongs to is by no means an issue at LIX.
ject ALIEN) is also interested in signal processing, As a consequence, all researchers are listed on the
4
Its current exact status is an INRIA-action, which is a preliminary step before the project creation which is expected for the end
of 2007.

2

reasearch staff of their team. There is indeed one exception : researchers from CEA-LIST do not belong
to LIX. What actually belongs to LIX (and to CEALIST) are the activities carried out in common by the
CEA-LIST and LIX members of the team MeASI that
we have initiated together. Not all LIX members are
comfortable or even familiar with these subtleties that
reflect the richness of the french research system.
The remainder of this report is divided into chapters written by the team leaders and their collaborators. Each chapter has its own list of references including the bibliography of the team during the last
four years (or since it joined the laboratory). Each bibliography is generated by the bibtex ralix style de-

velopped by François Morain. References published
before 2004, or containing no author from LIX are
automatically collected as External References. The
others are categorized as they should, thanks to a special field in the bib file. This scientific description of
the teams will be followed by a short description of
our project Systèmes Complexes Distribués Mobiles
Sécurisés. These descriptions will in turn be followed
by a chapter describing our scientific project for the
next 4 years contract and by a sorted bibliography of
the laboratory during the last four years. Several annexes will conclude the report : manpower, funding,
computing infrastruture, and training plan.
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Algorithmique et optimisation

Team members

– Gustav N ORDH, postdoc, since September
2007
– Yann H ENDEL, postdoc, since September
2007.

Team leader
Philippe BAPTISTE

Permanent members
– Philippe BAPTISTE, Chargé de recherches au Phds
CNRS
– Konstantin A RTIOUCHINE, bourse Thales, de– Christoph D ÜRR, Chargé de recherches au
fended in december, 2005
CNRS (at LIX since september 1st, 2005)
– Claus G WIGGNER, bourse Eurocontrol, defen– Miki H ERMANN, Chargé de recherches au
ded in september 11, 2007
CNRS.
–
Mathilde H URAND, bourse BDX, since sepClaire Kenyon, Prof. at Ecole Polytechnique and jutember 1st, 2005
nior member of “Institut Universitaire de France”, left
–
Thang Kim N GUYEN, bourse BDX, since septhe lab in late 2004.
tember 1st, 2006
– Giacomo NANNICINI, bourse CIFRE MediaPostdocs
mobile (jointly with the M E ASI team), since
september 2006
– Ruslan S ADYKOV, postdoc, since september
– Florian R ICHOUX, bourse MESR, since sep15th, 2006
tember 1st, 2006
– Leo L IBERTI, postdoc (jointly with
– Emilie W INTER, bourse CIFRE Thales, defenM E ASI team), from september 2005 to sepded in 2007.
tember 2006
5
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Interns

– We design combinatorial optimization algorithms to solve instances of problems (that
are hard in general), by exploring efficiently
the solution space. These algorithms rely on
Constraint Programming as well as on Mixed
Integer Programming.
– We study scheduling theory and we exhibit
structural properties of optimal schedules. This
allows us to design improved algorithm and/or
to prove new complexity results. Along this line
of research, we have exhibited, for several combinatorial optimization problems, (continuous)
linear programs that always yields to an integer
solution. The rationale for this behaviour is still
unknown.
Constraint Satisfaction Problems (CSP) represent an
obvious and concise way of defining and solving
problems in combinatorics, graph theory, database
theory, logics, etc. We study several aspects of CSP
problems, like decision, counting, enumeration, optimization, and approximation.

– Adriana L OPEZ, MIT, from june 4, 2007 to july
28, 2007
– Vincent RUDELLI, élève ingénieur X-2004,
from April 1st, 2007 to June 30, 2007
– Bechir T OURKI, stagiaire MPRI jointly with
Thales, from march to septemebr 2007
– Rudolf van den B EUKEL, Department of Information and Computing Sciences, Utrecht University, from november 2007 to may 2008.

Guests

– Ioannis M ILIS, Associate Professor, Athens
University, May 2005
– Ed C OFFMANN, Professor Columbia University, March 2005
– Alexander KONONOV, Senior Researcher, Sobolev Institute of Mathematics, November–
December 2007
– Maxim S VIRIDENKO, Researcher at IBM
Yorktown, November 2006
– Marek C HROBAK, Professor at U. of California
Riverside, Ecole Polytechnique invited resear- Goals
cher from October 11, 2007 to December 11,
Team Management and Objecives
2007.

Discrete optimization is a multidisciplinary research at the crossroad of mathematical programming, algorithmics, complexity, constraint satisfaction, computational game theory, etc. Our ambition
is to setup a research team that assembles expertise in several areas related to discrete optimization.
The team is small but is growing steadily : Vincent
Jost (graph theory and combinatorial optimization),
as well as Manuel Bodirsky (constraint satisfaction,
finite and infinite model theory, infinite permutation
groups, clones with infinite domains, logic in computer science, descriptive complexity, combinatorial
games) will join us very soon as a CR2 CNRS. On
top of this, we have very strong links with Leo Liberti an expert in global optimization working in the
M E ASI team.

Research domain
We study discrete optimization constraint satisfaction problems both from a theoretical and a practical point of view. For this latter purpose, we work
closely with several industrial partners and we provide Operations Research tools to help with decision
making in real-world.
Discrete Optimization problems can be unformally defined as follows : Given a set of variables
taking values in discrete sets, a set of constraints
that allow variables to take on certain values but exclude others and an objective function, we look for
an assignement of values to variables that meet all
constraints and that minimizes the objective function.
Among discret optimization problems, our group is
very interested in scheduling problems. Such problems arise in many areas, including air traffic control,
buffer management in network routers, production
management.
We study several aspects of discrete optimization
problems.

Scientific Goals
We want to pursue a research program balancing
fundamental research and innovative applications. We
see industrial collaborations as a fundamental aspect
of research. Because of the nature of optimization, it
6
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is fundamental to evaluate theoretical results and optimization systems on realistic applications. It is also
critical to push the frontiers of optimization, balancing short-term and long-term impact.

bria in given game, and if not, how hard is to to
decide if there is one ? What is the social cost
of an equilibrium with respect to the optimum ?
The next step is then to find ways (mechanism
designs) to distribute the social cost to the actors in such a way that the resulting equilibria
have good social costs. Clearly this is not possible for all games. A lot of work has already be
done on these questions for scheduling games,
we are studying at the moment the facility location games.

LP One of our current goal is to understand better
why some families of linear programs always
yield integer optimal solutions. While most of
them correspond to flow problems and are well
understood, there remains a mysterious subclass which we do not understand well at the
moment.

CSP We study different constraint satisfaction problems (CSP) by algebraic and logic means. The
main goal in our studies is an establishment of a
complete characterization of complexity for all
algebraically closed classes of constraints for
decision, counting, enumeration, optimization,
and approximation variants of the considered
problems.

Scheduling theory We want to carry on our work
in scheduling theory (complexity, algorithms,
etc). On top of these “classical” scheduling problems on which we want to work, we are also
very interested in practical problems that require theoretica breakthrough. For instance, we
want to work on processor scaling for energy
minimization : Transistors sizes keep shrinking,
but now heating issues and power supply make
it impossible to maintain the same rate of increase of the processor speed as in the past.
Therefore the current processors can work at
different speeds, which permits the operation
system to control the consumed energy and
the produced heat. Many interesting scheduling
problems arise in this situation, where we want
to maintain a certain quality of service (respecting deadlines of jobs for example, or keeping
the total flow time under some threshold) while
respecting the energy consumption or heat production low. We would like to come up with
good performance algorithms for these questions.

Results
Scheduling Theory
In a general scheduling problem, each job j comes
with a distinct processing time pj . Now in some situations we can in fact assume that all jobs have the
same length p, for example TCP/IP packets in a local
Ethernet network are in general 1500 bytes long, or
in a production site there are tasks that take a job independent time. Now with this equal processing time
assumption (which we do from now on in this paragraph), some problems actually become easier. For
example if jobs have a release time before which they
cannot be scheduled, and if the goal is to minimize the
total completion time of the jobs, then we can assume
that there are only O(n2 ) time points where jobs can
possibly complete in a optimal schedule. This structure permits worst case polynomial time algorithms
in some cases.
In [?] we study the scheduling problem when jobs
come with regularly repeated time windows where
they are allowed to be scheduled. In [?] we study the
problem of scheduling equal sized jobs with given
release times, on parallel machine allowing preemptions and minimizing total completion time. This problem was solved in 2004 with a linear program using
a complicated post-processing, and we provide a very
simple and elegant linear program, which solves the

Nash Scheduling is about centralized planing, knowing all job characteristics in advance and assign them to machines and time slots. In some
situations such a centralized organization is not
possible, and we have several actors (players)
who try to assign their jobs in concurrence
to machines, so to minimize their own cost.
The important object to study in these situations are Nash equilibria, which are configurations where no actor has an incentive to deviate from its choice. Clearly these configurations can have a worse social cost than a centralized planed optimal solution. There are many
interesting questions related to equilibria, how
hard is it to find one, are there always equili7
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problem directly. Now let’s consider the problem for Air Trafic Control This research has been led
a single machine, but this time, we do not allow
jointly with Thales (Konstatin Artiouchine
preemption and wish to minimize the number of jobs
PhD) and Eurocontrol. When aircraft reach the
that miss their deadlines. We found out that an algofinal descent in the “Terminal Radar Approach
rithm from 1981 for that problem was not correct, and
CONontrol” area (TRACON), a set of disjoint
4
provided an O(n ) algorithm for it, using a completime windows in which the landing is postely different approach. In [?] we studied a complesible, can be automatically assigned to each airtely new objective function in scheduling, namely the
craft. The objective is then to determine lanenergy consumption. Here a computer can be turned
ding times, within these time windows, which
off when idle for sufficiently long time, so naturally
maximize the minimum time elapsed between
we want to produce a schedule for a given set of jobs
consecutive landings. We have studied the comwith release times and deadlines, that minimize the
plexity of the problem and we have described
number of idle periods. While [?] provided a first soseveral special cases that can be solved in polution to this problem for a special case, in [?] we imlynomial time. We have also provided a comproved the algorithm and solved the general problem
pact Mixed Integer Programming formulation
as well. Some scheduling problems are solved with
that allows us to solve large instances of the getime indexed linear programs (a variable Xjt = 1
neral problem when all time windows have the
means that job j is scheduled at time t) that always
same size. We have also introduced a general
have an integer solution. In [40] we simplified these
hybrid branch and cut framework to solve the
solution and gave combinatorial algorithms for them,
problem with arbitrary time windows [?, 21].
improving on the way the worst case running time.
We have also studied the same problem under
a constraint programing framework [17]. This
In [25] we study the problem of scheduling paled us to study the “inter-distance constraint”,
ckets in a router, who is connected to the next hop
also known as the global minimum distance
with several parallel links. We have to retransmit arriconstraint, that ensures that the distance betving packets (of different length) on one of the links,
ween any pair of variables is at least equal to
so to preserve the order of the arrival times of the
a given value. When this value is 1, the interjobs on the next hop, since reordering packets may
distance constraint reduces to the all-different
decrease quality of service of some network applicaconstraint. We have introduced an algorithm
tions. The goal is to minimize the maximal flow time,
to propagate this constraint and we show that,
which is the latencypexperienced by the applications.
when variables domains are intervals, our algoWe provide an O( n/m)-competitive online algorithm achieves arc-B-consistency (the xistence
rithm and a matching lower bound on the competiof such an algorithm was an open question).
tive ratio, even randomized. Here m is the number of
It provides tighter bounds than generic schelinks, and n the number of jobs.
duling constraint propagation algorithms (like
edge-finding) that could be used to capture this
On Solving Combinatoirial Optimization Proconstraint.
blems
We also analyze fligth data to identify the
weaknesses of current models for flight scheduling. Uncertainties (e.g delay from connecting flights, technical failure) create gaps in
flight schedules. This causes safety problems
and non-optimal uses of capacity. While the
main sources of uncertainties are known, the
mechanisms of how they disturb the planning
flow remain unknown.

One of our line of research is to design efficient procedures to solve combinatorial optimization
problems. “Solving” means here that, given a problem and an instance of the problem, we aim to find
the optimum (and to prove that it is the optimum).
Most often we compare several approchaes relying on
Mixed Integer Programing, Constraint Programming
or Branch and Bound techniques. The combinatorial
problems we have chosen to study are either academic problems for which there is a tough competition
among research teams or practical problems that arise
from our industrial collaborations.

Our main results are twofold :
There are systematic gaps in schedules and
such gaps are a natural property of the flow sys8
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tem. Based on this we propose ideas improving Nash Equilibrium
the current flow optimization algorithm [33],
A completely different work is [52], where we
[41], [68].
study a novel game, the Voronoi game on graphs.
These gaps propagate in a perfectly expected Here we are given discrete vertex set with a metric (giway through the sector network. This makes it ven by the graph) and every player is to choose a verunlikely that there is a system-wide strategy to tex in that set which then represents a facility. Users
absorb gaps. Based on this one can construct are assigned to closest facilities, as in the k-median
a flow model that minimizes the long-term im- problem, and the gain of every player is the amount
pact of uncertainties in schedules [69].
of users assigned to it. This game models naturally
games, where each player wants to conquer as much
Radar Scheduling This is joint work with Thales
as possible from some area, representing a market. We
TAS (PhD of Emilie Winter). Among several
discovered that there are not always pure Nash equiliother tasks, the radar of a fighter has to search,
bria in that game, it depends in fact on the given graph
track and identify potential targets. The waveand the number of players and deciding this property
forms used by the radar for each of these tasks
is NP-hard. We also studied the social cost of these
are most often incompatible and hence, cannot
equilibria.
be processed simultaneously. Moreover, these
tasks are repeated several times in a cyclic fashion. Altogether, this defines a complex sche- Complexity of CSPs
duling problem that impacts a lot on the quaMiki Hermann with Philippe Chapdelaine and
lity of the radar’s output. We have defined a
Ilka
Schnoor established a complete classification of
formal framework for this real time scheduling
complexity
for reasoning in the default logic in [48].
problem and we have introduced several techniques based on Mixed Integer Programing and Miki Hermann presented a new proof of the 25 Boocolumn generation to compute efficient sche- lean primitive positive clones in [19]. Miki Hermann
with Reinhard Pichler presented a large analysis of
dules for the radar [20].
the counting complexity of propositional abduction
Single Machine Scheduling The most simple sche- in [51]. Miki Hermann together with Nadia Creignou,
duling situtation happens when all jobs have to Andrei Krokhin, and Gernot Salzer studied in [15] the
be scheduled on the same machine and hence complexity of constraints on finite totally ordered docannot overlap in time. Even this problem is mains, where the atomic literals are of the form x ≥ d
hard as soon as we have release dates and dead- and x ≤ d for a variable x and a domain value d. Miki
lines. A huge amount of research has been spent Hermann together with Arnaud Durand and Phokion
on this problem to come with efficient pro- Kolaitis studied the possibility of reductions presercedures for many standard objective functions ving the counting classes and complete problems in
such as total completion time, tardiness, num- the counting complexity hierarchy in [13], establiber of late jos, etc. We have reviewed all exis- shing also new counting complexity results for the
ting lower bounds [24] and we have introdu- circumscription problem, as well as other problems
ced new compact MIP formulations for arbi- in automated deduction.
trary objective functions [39]. Motivated by industrial applications (jointly with ILOG), we
Quantum Computing
have studied the scheduling situation where the
objective is toPminimize a regular sum objecWe got a few results on quantum computing,
tive function i fi where fi (Ci ) corresponds which is not part of the research areas of the group,
to the cost of the completion of job Ji at time and which have been conducted while Christoph Dürr
Ci . On top of this, we also take into account se- was not yet member of the group, but appeared when
tup times and setup costs between families of we already joined LIX. In [12] we studied the quanjobs as well as the fact that some jobs can be tum query complexity of testing whether a given
“unperformed” to reduce the load of the ma- black-box function is injective or not. This is an imchine [11].
portant property for digital signatures. In [16] we got
9
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Type : Contract with Thales-TAS ;
Object : Funding the Phd of Emilie Winter ;
– Title : “Shortest paths in dynamic road networks” ;
Period : 2006-2009 ;
Type : Contract with Medimobile ;
Object : Funding the Phd of Giacomo Nancinni ;

tight lower and upper bounds for the quantum query
complexity of several graph problems, when the graph
is given as an oracle which can only be accessed by
queries of the type “What is the i-th neighbor of vertex u ?” or “Is there an edge between u and v ?” (two
different query models). In [37] we studied the quantum query complexity of various computational geometry problems : given a sequence of points, is the
described polygon intersection-free, what is the pair
of closest points, what is the pair of furthest points,
etc. ?

International scientific cooperations

Software, pattents and contracts
Software
The team has developped several pieces software
in the area of optimisation. Each one is dedicated
to a specific application (often carried out as part of
our industrial collaborations). Most of the exisiting
code consists is built on top of constraint solvers such
as Ilog Solver or on top of Linear Programming packages.
It is our goal to start a software project that would
capatalize these efforts in the form of a generic optimisation software dedicated to scheduling that would
enable one to model and solve specific scheduling applications.

Patents
The following patent has been filed at the national French patent office : “Estimation de trafic dans
un réseau routier (méthode basée sur les flots)”. Owners : LIX, Mediamobile. Inventors : Ph. Baptiste, G.
Barbier, D. Krob, L. Liberti.

Contracts
– Title : “Exploiting Implicit Structures to Better Solve Combinatorial Problems : An Application to Time-Slot Allocation for Air Traffic
Control” ;
Period : 01/04/2003 – 01/04/2007 ;
Type : Contract with Eurocontrol ;
Object : Funding the Phd of Claus Gwiggner ;
– Title : “Des outils d’optimisation combinatoire
et d’ordonnancement pour la gestion de radars
embarqués” ;
Period : 01/04/2004 – 01/04/2007 ;
10

– Title : Scheduling Problems with Blocking and
Flexible Routings ;
Period : 2005–2006 ;
Type : PROCOPE (PAI CNRS) with Osnabrueck University (Germany) ;
Object : We consider a very general scheduling model which has a wide range of applications in areas like production scheduling, railway scheduling, air control problems, sports
league planning or distribution of information
in networks, etc. We have developped efficient
algorithm to solve the problem.
– Title : Offline and Online Algorithms for Job
Scheduling Problems ;
Period : from january 1, 2004 to december 31,
2006 ;
Type : CNRS-NSF US-France cooperative research ;
Subject : The project concerns job scheduling
algorithms. More specifically, it focuses on offline and online algorithms for various scheduling problems where the objective function is
the weighted number of jobs completed within
their due date. This objective function is called
throughput. Scheduling problems of this nature
arise frequently in overloaded systems and in
applications with quality of service constraints.
– Title : ANR Alpage (Algorithms for Large
Scale Platforms) ;
Period : from september 1, 2005 to august 31,
2008 ;
Type : ANR ;
Subject : Algorithm design and scheduling
techniques as well as macro-communication
primitives and routing protocols for peer-topeer architectures and distributed systems.
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Teaching, dissemination and service
Miki Hermann teaches an introductory course of
12 hours on Computability and Complexity in the
Master Parisien de Recherche en Informatique.
Miki Hermann wrote with Pierre Lescanne a popular article on computational complexity and the P
versus NP problem [65].
Philippe Baptiste is “Professeur chargé de cours”
at Ecole Polytechnique. Christoph Dürr is “Chargé
d’enseignement”.
Philippe Baptiste, Christoph Dürr and Leo Liberti
(M E ASI team) teach every year in the Master course
MPRI on optimization techniques for scheduling problems.
Philippe Baptiste also teaches for undergraduates
“Constraint programming and combinatorial optimization” (INF581) and “Fundamentals of Programming and Algorithms” (INF421). Christoph Dürr and
Ruslan Sadykov participate as teaching assistants.
Philippe Baptiste is a member of the “comité national de la recherche scientifique”, “commission de
spécialistes de l’Université Paris 6 (27eme)”, “comité
scientifique du GdR RO”, “expert du comité productique du CNRS”. Miki Hermann is the “Secrétaire
Scientifique de la Commission Interdisciplinaire 44
du CNRS” and is a member of “Commissions des
Spécialistes 27e section” de l’Université d´Orléans et
de l’Université de Provence.

Visibility

–

–

–

–

–

–

–

–

Miki Hermann was an Examinateur of the Habilitation of Nicolas Peltier at the University Grenoble in
June 2007. Philippe Baptiste a participé aux jurys de
thèse/HDR suivants :
– Rapporteur de la thèse de Boris Detienne (Univ.
Catholique de l’ouest). “Planification et Ordonnancement : Méthodes de Décomposition et
Génération de Coupes”. Juin 2007.
– Examinateur de l’habilitation de Laurent Péridy (Institut de Mathématiques Appliquées,
Angers). Juin 2007.
– Rapporteur de la thèse de Renaud Sirdey
(UTC). “Modèles et algorithmes pour la reconfiguration de
– systèmes répartis utilisés en téléphonie cellulaire”. Mars 2007.
– Rapporteur de la thèse de Jérôme Fortin (IRIT,
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–

–

–

Toulouse). “ Analyse d’intervalles flous, applications à l’ordonnancement dans l’incertain”.
Nov 2006.
Rapporteur de la thèse de Lionnel Eyraud
(IMAG, Grenoble). “ Théorie et pratique de
l’ordonnancement d’applications sur les systèmes distribués”. Octobre 2006.
Examinateur de la thèse d’Hadrien Cambazard
(Ecole des Mines de Nantes). “ Résolution
de problèmes combinatoires par des approches
fondées sur la notion d’explication”. Novembre
2006
Rapporteur de la thèse de P. Lennartz (Universiteit Utrecht). “No-Wait Job Shop Scheduling.
A Constraint Programming Approach», printemps 2006.
Rapporteur de la thèse de Marta Flamini (Roma
3). “Job-Shop scheduling algorithms with applications to railway traffic control”, printemps
2006.
Rapporteur de la thèse de Thomas Rivière
(Toulouse, INPT) “Optimisation de graphes
sous contrainte géométrique : création d’ un
réseau de routes aériennes pour un contrôle
Sector-Less ». printemps 2006.
Rapporteur de la thèse de Yann Hendel (LIP6)
“ Contributions ‘a l’ordonnancement juste-àtemps» Novembre 2005.
Rapporteur de la thèse de Ruslan Sadykov
(CORE, Unversité de Louvain La Neuve), printemps 2006.
Rapporteur de la thèse de Cyril Canon. “Application des techniques de recherche opérationnelle à la planification de personnel dans un
centre de contacts multi-compétent”, Université de Tours, dec 2005.
Rapporteur de la thèse de Rabia Nessah. “Ordonnancement de la production pour la minimisation des encours” Université de Technologie
de Troyes, 2005.
Rapporteur de la thèse de Fabrice Tercinet.
“ Méthodes arborescentes pour la résolution
des problèmes d’ordonnancement, conception
d’un outil d’aide au développement”, Université de Tours, novembre 2005.
Rapporteur de la thèse de Benoît Lardeux.
“Conception de réseaux de télécommunications
multicouches et évolutifs ». Université de technologie de Compiègne / FT R&D, septembre
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2005.
Conference organisation
– Examinateur de la thèse de F. Clautiaux
– Christoph Dürr participated to the organization
“Bornes inférieures et méthodes exactes pour
of QIP’06.
le problème de bin-packing en deux dimensions
– Philippe Baptiste and Christoph Dürr participaavec orientations fixes”, soutenue à l’Université
ted to the organization of MISTA’07.
de Technologie de Compiègne le 30 mars 2005.
– Miki Hermann organized the 13th International
– Examinateur de la thèse de Thèse de LA Hoang
Conference on Logic for Programming, ArtifiTrung, “Utilisation d’ordres partiels pour la cacial Intelligence, and Reasoning (LPAR 2006),
ractérisation de solutions robustes en ordonnanNovember 13-17, in Phnom Penh (Cambodia).
cement”, Laboratoire d’Analyse et d’Architecture des Systèmes du CNRS, Institut National
des Sciences Appliquées de Toulouse, 24 jan- Program committees
vier 2005.
– Miki Hermann was a program comittee member of the iternational conference LPAR 2005
National scientific cooperations
and the co-chairperson of LPAR 2006 [42].
– Philippe Baptiste participated to the program
– Nadia Creignou (professor at the Université de
committee of CPAIOR 05, 06, 06, MISTA’05
la Méditerrannée), Arnaud Durand (professor
and 07, RIVF, ROADEF and ICRAT (every
at the Université Paris 7), and Bruno Zanuttini
year).
(assistant professor at the Université de Caen)
–
Christoph Dürr participated to the program
work with Miki Hermann on the complexity of
committee of STACS’05, Renpar’06 and MISconstraint satisfaction problems
TA’07.
– Claire Kenyon was in the PC of ESA 2004 (EuInternational scientific cooperations
ropean Symposium on Algorithms) and WAOA
2004 (Workshop on Approximation and Online
– with Marek Chrobak from UCR, we have a
Algorithms)
common research grant, and several joint articles.
– Phokion Kolaitis (senior research scientist at Journal editorial boards
IBM Almaden and formerly a full professor
– Philippe Baptiste is an associate editor of Jourat the University of California in Santa Cruz)
nal of Scheduling, Operations Research Letters
worked with Miki Hermann on counting comand Discrete Optimization.
plexity of constraint satisfaction problems
– Gernot Salzer and Reinhard Pichler (both professors at the Technische Universität Wien)
work with Miki Hermann on several problems References
concerning computational complexity

Books and chapters in books
Conference and seminar invitations

2004

Philippe Baptiste has been invited to give a talk at
the “Master Class of CPAIOR07” and to the “second
Second International Summer School of Constraint
Programming” (Samos, June 2006).
Christoph Dürr gave a tutorial on algorithmic
game theory at the “RIVF’07 conference” in Hanoi
and in the seminar of the LIP Ens-Lyon (2007).
Claire Kenyon gave an invited talk at STATCS
2004.
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Bioinformatique

Team members

– Mohamed G ANJTABESH, co-tutelle Iran, from
October 2006 to September 2007
– Van Du Thuong TRAN, allocation AMX, since
October 2007
– Mahsa B EHZADI, allocation MRES, since October 2007

Team leader
Jean-Marc S TEYAERT

Permanent members

– Philippe C HASSIGNET, maître de conférences Interns
à l’École polytechnique
– Abdulaziz Al H ARBI, ENSIETA, from April to
– Pierre N ICODÈME, Chargé de recherches
June 2005
CNRS
– Fheed Al S UBAIE, ENSIETA, from April to
– Jean-Marc S TEYAERT, professeur à l’École PoJune 2005
lytechnique
– David M AROLLEAU, master Bioinformatique
de Poitiers, from May to September 2005
Phds
– Hamed A MINI, Ecole polytechnique, from
– Jérôme WALDISPÜHL, ATER-Paris 7, until
May to September 2005
September 2004
– Irina-Mihaela D RAGOMIR, from November
– Behshad B EHZADI, allocation AMX, until
2005 to April 2006
September 2005
– Daniel VOINEA, Ecole polytechnique, from
– Quang T HAI, allocation AMX then ALCYANE
November 2005 to April 2006
consultant, since October 2003
– Yang Z HOU, master BIBS-Orsay, from March
– Xavier W ERTZ, allocation Institut Pasteurto July 2006
Collège de France, since October 2005
– Mishal Al BAHOUTH, ENSIETA, from April to
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June 2006
– Humoud Al N GHIMSHI, ENSIETA, from April
to June 2006
– Mahsa B EHZADI, master 1 Ecole polytechnique, from May to September 2006
– Mahsa B EHZADI, master 2 Ecole polytechnique, from May to September 2007
– Thuong Van Du T RAN, master 2 Ecole polytechnique, from May to September 2007
– Dheeraj M EHRA, bachelor IIT-Delhi, from
June to July 2007
– Vaibhav S INGH, bachelor IIT-Delhi, from June
to July 2007

produce informations that can be interpreted by biologists.
Typical applications are : identification of binding
sites on the genome, structure prediction for RNAs
and proteins, evolution distances in order to construct
philogenetic trees.

Goals

We have been working on five main problems :
1. the identification of transmembrane proteins with
alpha-bundels or beta-barels ;
2. the computation of the distributions of thermodynamic energies for RNA structures without pseudokPostDocs
nots ;
– Valentina B OEVA, École Polytechnique, from 3. the distribution of q-grams in random sequences by
means of analytic combinatorics ;
March 1st, 2007 to March 31st, 2008
4. the computation of the evolutionary distance for
minisatellites under several models ;
Guests
5. softwares and statistics for medical studies related
– Peter C LOTE, Professor at Boston College, to cancer.
April 2007
– Laurent SCHWARTZ, Medical doctor, PhD,
Results
AP-HP, since 2006

Research domain

The first four goals enumerated in the preceeding
section all pertain to the same classical aera of combinatorial modelling and algorithmics. The first two
are in fact a core problem which has been studied in
the team for years, starting in the 90’s : how is it possible to model biological structures such as RNAs and
proteins — at least some non trivial families — in order to design efficient tools for structure prediction
and for the evaluation of energy distributions. After
some years of continuous work we now have developed computer and mathematical tools that are operational.
The third and fourth are classical combinatorial and
algorithmic problems relevant to sequence analysis.
The last series aggregates a number of questions inspired by our contacts with biologists and medical doctors. The tools come from computer science but also
include statistical methods, simulations, signal analysis, control theory, etc. This activity is new in many
respects.

The Bioinformatics team develops and uses tools
from more traditional aeras of computer science :
combinatorics, formal language theory, complexity,
algorithmics and geometry. The goal is to explain biological phenomena, most of them relevant to classical cell mechanisms, by appropriate modelling of the
physical or chemical configurations. Several types of
questions can then arise which provide information
useful to the biologist :
— Is the configuration standard or exceptional ? To
what extent does it correspond to some interesting
biological phenomemon ?
— What is the best possible configuration that can be
obtained w.r.t. some physical criteria ?
— Is it possible to reconstruct the configuration from
another one, according to a set of rules ? What is the
optimal way to perform the reconstruction ?
These examples are typical of the activity of a biocomputer-scientist, whose main purpose is to propose Transmembrane proteins (P. Chassignet, J.-M.
combinatorial models for biological phenomena in a Steyaert, J. Waldispühl)
first step, then to implement these models in a softA great deal of this work has been done by
ware or in a mathematical framework, and finally to J. Waldispühl from the background of the gene20
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ric software MTSAG which was the main result of
F. Lefebvre’s PhD thesis in 1997 — ”Grammaires Sattribuées multi-bandes et applications à l’analyse de
séquences biologiques”. In his PhD thesis, defended
in November 2004 [13], J. Waldispühl proposed two
combinatorial models based on multitape S-attributed
grammars to express the fact that a sequence of aminoacids is amenable to form a bindel or a barrel composed of alpha-helices or beta-strands. In these models three difficulties have to be tackled :
1. Express in terms of qualitative constraints the properties of the sequence of aminoacids that is supposed
to rearrange spatially into a barrel : local properties
(regular type) are required to express the capacity of
a 12-20 polypeptidic sequence to form an alpha-helix
or a beta-strand ; in order to express the links between
two adjacent strands or helices we can use contextfree
grammars, but in fact we do have two sets of overlapping CF constraints to express ; and furthermore the
last constraint is between two strands that are far apart
on the original sequence.
2. The second difficulty is to determine the solidity of
the structure that we propose as a tentative secondary
structure ; therefore one has to express the internal and
external interactions of the aminoacids in terms of the
membrane nature and the hydrogen bonds between
them. Some indications and values can be found in
the litterature, but their accuracy is poor.
3. One could then think of optimizing the parameters by learning as has been done for previous softwares based on statistical learning ; the point is that
the number of known structures is very small — less
than a few dozens — so that learning is not that different from enumeration.
The first version of this work, dedicated to alphabarrels has been published in [3].
Now, the full version of this software, named transFold , is operational and has been used by D. Marolleau on the bacteria E. coli in order to check the
possibility to screen a whole genome, which has been
done. A biproduct of this study is an easy discrimination criterion for globular proteins vs. transmembrane
proteins derived from the pseudoenergy computed by
transFold that has been implemented by an SVM.
Further work has been done with P. Clote (Boston
College) and B. Berger (MIT) [4] in order to improve
the values given to the hydrophobicity parameter and
make transFold more selective depending on the type
of membrane users are working with. The software

can also be accessed on a Web server.
Recently, P. Chassignet, Tran Van Du and J.-M.
Steyaert have started to develop new improvements
for beta-barrels, based on a precise geometry of interactions between the two strands ; the energy function
is new and the results obtained so far are promising.
They have also developed a new interface to produce
images at the PDB format.
RNAs energy distributions (B. Behzadi, M. Ganjtabesh, P. Nicodème, J.-M. Steyaert, J. Waldispühl)
The question of describing accurately the landscape of the free energies of RNA structures is a
long addressed problem. However, no exact formula
is known, even now. Some physicists have performed
extensive computer simulations in order to give some
intuition in the case of simple energy models. In 2002,
B. Behzadi, J.-M. Steyaert and J. Waldispühl presented at ECCB a work on “an approximate matching
algorithm for finding (sub-)optimal sequences in Sattributed grammars”. In this paper they were investigating the variations in the energy of the optimal RNA
structure induced by a small number of modifications
(insertion, deletion or mutation) on a given sequence :
the energy model was Zuker model. Surprisingly, they
illustrated on a number of examples that a few number
of modifications can modify dramatically the RNA
structure while improving drastically its stability.
With P. Clote they addressed the more general question of computing the partition function of the energies in the Nussinov model for RNA secondary structure. More exactly, they again make up to k modifications on the sequence and want to compute the landscape of the modified energies. No closed formula can
be expected but they therefore designed an algorithm
inspired by the one on S-attributed grammars which
solves the problem. One is then able to compute numerically the tail distributions of the energy. Evidence
is quite generally presented that the k-superoptimal
secondary structure is often closer, as measured by
base pair distance and two additional distance measures, to the secondary structure derived by comparative sequence analysis than that derived by the Zuker
minimum free energy structure of the original (wild
type or unmutated) RNA. This result [2] gives a more
general basis to the observation made in 2002.
M. Ganjtabesh, a PhD student from Tehran, and
J.-M. Steyaert have a few preliminary results as to the
enumeration of RNA structures with pseudoknots un-
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der a variety of constraints. They are able to obtain information on the generating functions for these structures and should get full asymptotics for the number
of configurations.
M. Ganjtabesh, P. Nicodème and J.-M. Steyaert
have also started with P. Clote a combinatorial study
of the partition functions of RNAs, without pseudoknots, aiming at showing different behaviours at infinity according to the energy model : Nussinov vs. Turner or even more complex. A proved difference could
be interpreted in terms of biological stability.
Combinatorics of q-grams (P. Nicodème)
Some alignment algorithms use a filtering preprocessing phase that discards putative alignments of two
sequences with too few common q-grams ; P. Nicodème considered the associated probabilistic problem,
as follows : given an integer q and a Bernoulli model,
what could be said (i) of the number of repeated qgrams in one sequence, (ii) of the number of q-grams
occuring at least once in each sequence ? Stated differently, question (i) relates to the number of internal
nodes at depth q of a suffix-tree built over a random
sequence, while question (ii) relates to the superposition of two suffix-trees with a color assigned to each
tree, and counting the number of bicolored nodes at
depth q.
P. Nicodème has improved upon his previous work [9]
presented at Discrete Random Walks’03 and on works
by P. Jacquet and W. Szpankowski and gives a more
precise analysis of the average profiles of tries and
suffix-trees. Using Poissonization-Depoissonization,
the progress for the analysis of tries profile was done
by using Mellin transform techniques ; this required
use of an inverse Mellin transform that needed application of saddle-point integrals ; Pierre Nicodème’s
work [9] did not solve completely the problem, but
laid the foundations for the full proof obtained later in
collaboration with G. Park (University of Wisconsin),
Hsien-Kuei Hwang (Academica Sinica, Taiwan) and
W. Szpankowski (University of Purdue). In particular
he remarked that there are on the vertical line of inverse Mellin integration an infinite number of saddlepoints.
Since 2005, These four coauthors have given a full
characterization of the profiles of the tries, including
the second moment and the limiting distribution. The
corresponding quite technical article has been submitted and is available on Archive.

A joint work of F. Bassino (Université of Marnela-Vallee), J. Clément (Université de Caen), J. Fayolle
(Université d’Orsay) and P. Nicodème [10] solved the
problem of words counting in random texts, in the
general case where a word can be a factor of another word, also known as non-reduced case. This was
known to have a solution by constructing the AhoCorasick automaton and translating into generating
functions by the Chomsky-Schützenberger algorithm.
There seemed to be no direct solution available ;
however Noonan and Zeilberger (1999) proposed
Maple programs solving the problem by inclusionexclusion ; their publication remained mostly unnoticed in the combinatorial and applied probability communities ; Bassino, Clément, Fayolle and Nicodème
then rediscovered the method, providing explicit formulas and adding proofs of correctness. The method
relays on an extension of the Goulden-Jackson approach (1979). They plan to extend the result to the
case of Markov or dynamical sources.

Minisatellites and evolution distances (B. Behzadi, J.-M. Steyaert)
Minisatellite maps are special regions in the genome whose evolution is rather special and in the long
range produces sequences of short repeated units, called variants. The typical length of a variant is 20-40
nucleotids and a sequence is composed of blocks of a
variant repeated 5-100 times. Such sequences can be
found for instance in the Y-specific locus MSY1, a haploid minisatellite of the Y chromosome, and are used
to trace male descendence proximity in populations.
In order to compare minisatellite sequences, one
usually considers a evolutionary model with five operations : amplification, contraction, mutation, insertion and deletion with variable hypotheses concerning
the respective costs of the operations. The problem is
to find as fast as possible one or all the possible evolutions of smallest cost, given a model.
B. Behzadi and J.-M. Steyaert have designed several
algorithms [14, 7, 8, 1] which improve on the first results by Bérard and Rivals in three ways : the model
is more general with arbitrary costs, long runs of the
same variant are encoded by their lengths and ultimately the algorithms are more efficient. More recently
with M. Abouelhoda and R. Giegerich (Ulm and Bielefeld) [11], they propose a new algorithm for the alignment of minisatellite maps based on the computation of a minimum spanning tree.
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Medical studies related to cancer (M. Behzadi, V.
Boeva, L. Schwartz, J.-M. Steyaert, X. Wertz)
The presence in the team of L. Schwartz, a cancer specialist, introduced a new activity of slightly
different nature : develop mathematical and computational tools and concepts to explain and analyze this
phenomenon.
We got an important funding from Philip Morris in order to study cancer epidemiology with a group of statisticians originating from Paris-Dauphine. We have
shown, [6, 12], that the evolution of cancers depends
mainly on the way of living, food habits and general
activities. In order to get these results we have developed new tools for datamining and statistic analysis
that allow an efficient treatment of temporal series.
These results suggest then new questions about cancer and progressive changes in the cell metabolism.
Starting from a monography on cell metabolism by
M. Israel and L. Schwartz, M. Behzadi, V. Boeva, L.
Schwartz and J.-M. Steyaert have started a simulation of a number of metabolic cycles linked to energy
consumption and glucose transformations in the cell.
X. Wertz and P. Chassignet have worked on bone
growth and have discovered a possible link between
mechanical activity and growth during childhood [5].
A more mathematical approach is being developed
from this observation.
Finally X. Wertz is implied in a big project of software
engineering with P. Kourilsky at College de France
and Institut Pasteur. The goal of this project is to analyze as automatically as possible the immunitary response of children that have received a genetic therapy.
The new version of Immunoscope is now almost operational and should receive some new improvements
allowing a more precoce diagnosis of cancerous evolution.

or water-filled (see original papers for more details).
Other parameters are automatically assigned default
values by the web server.
http ://bioinformatics.bc.edu/clotelab/transFold/

Patents
We have initiated in 2005 the patent deposit process for our software transFold, but after two years we
have stopped.

Contracts
– Contract with Philip Morris : The goal of the
studies are to perform data mining and exploratory statistics on public data related to cancer
and way of living. (covers 2004 to 2007).

Teaching, communication and service

Software, pattents and contracts

P. Chassignet organizes labs for two courses,
INF311 and INF431. He is a major actor in the maintenance of software environments for teaching and represents the Department in a number of organisational
meetings.
J.-M. Steyaert teaches the second part of INF431
(the major course of Year 2) and teaches in Year 3
(Automata-Langages-Computability) and prepares a
new course on Datamining ; he also participates to a
course on Bioinformatics. In Master MPRI, he proposes a series of lectures on combinatorics related
to biology. J.-M. Steyaert is chair of the Department
and has been elected as member of the Conseil d’Administration. He is also correspondent for Computer
Science in ParisTech.
J.-M. Steyaert has organized with R. Khosrovshahi and M. Shahshahani (IPM Iran) a Spring school
on Bioinformatics and Biomathematics in April 1121, 2005

Software

Visibility

transFold
National scientific cooperations
This software analyzes protein sequences and tries to
– Program PGP (2003-2006) : with T. Simonson
determine whether they correspond to possible trans(LBIOC, Polytechnique) and P. Dessen (Institut
membrane proteins. transFold develops the general
Gustave Roussy) : Protein Struture Prediction.
approach of multi-tape S-attribute grammars for the
– ACI IMPBio-2004 : with T. Meinnel (ISV,
structure prediction of both TM alpha-helical bundles
Gif/Yvette) and F. Dardel (Univ. Paris 5and of TM beta-barrels ; the web server allows one to
Pharmacy) : A study about N-Myristilation.
stipulate the pore type as being either non water-filled
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International scientific cooperations
– with Boston College : several articles coauthored with Peter Clote (Boston College) ; hiring of Jérôme Waldispühl as research assistant ; Regular visits of Peter Clote at École Polytechnique as invited professor.
– Regular cooperation with IPM-Iran and the
University of Tehran ; joint Phd of M. Ganjtabesh with Pr Ahrabian (University of Tehran).
and J.-M. Steyaert.
– Frequent one month visits of P. Nicodème to M.
Vingron at the MPI for Molecular Genetics in
Berlin (2005-2007).

proved algorithm for generalized comparison of
minisatellites. J. Discrete Algorithms 3 (2005),
375–385.
[2] C LOTE , P., WALDISPÜHL , J., B EHZADI , B.,
AND S TEYAERT, J.-M. Energy landscape of kpoint mutants of an rna molecule. Bioinformatics 21 (2005), 4140–4147.
[3] WALDISPÜHL , J., AND S TEYAERT, J.-M. Modeling and predicting all-alpha transmembrane
proteins including helix-helix pairing. Theor.
Comput. Sci. 335 (2005), 67–92.

2006
[4] WALDISPÜHL , J., B ERGER , B., C LOTE , P.,
AND S TEYAERT, J.-M. transfold : a web server
for predicting the structure and residue contacts
of transmembrane beta-barrels. Nucleic Acids
Research (Web-Server-Issue) 34 (2006), 189–
193.

Seminar invitations
– P. Nicodème gave a talk in 2005 at the FreeUniversity of Berlin-Dahlem to the group of
Bioinformatics and in 2006 at the bioinformatics group of MIT, Boston.
– J.-M. Steyaert gave talks at the University of
Tehran in 2005, 2006 and 2007 ; he has been
invited by M. Vingron at the MPI for Molecular Genetics in 2006.
– J.-M. Steyaert has been invited as keynote speaker at RIVF’07 in Hanoi (VietNam).

Conference organisation

[5] W ERTZ , X., S CHWARTZ , L., S CHOËVAËRT,
D., M AITOURNAM , H., AND C HASSIGNET, P.
Is the effect of testosterone on bone growth mediated through mechanical stresses ? C.R.A.S.
Biologies 329 (2006), 79–85.

National journals

– P. Nicodème has organized the LIX Automn 2006
Colloquium on Bioinformatics in 2005.
[6] G ETTLER -S UMMA , M., S TEYAERT, J.-M.,
VAUTRAIN , F., S CHWARTZ , L., AND H AFNER ,
Program committees
N. Multiple time series : new approches and
new tools in data mining ; applications to cancer
– J.-M. Steyaert was in the program committee of
epidemiology. revue MODULAD (2006), 37–
CISCC’06 in Tehran (Iran).
46.

Journal editorial boards
International conferences with proceedings

– J.-M. Steyaert is member of the editorial board
of RAIRO-”Theoretical informatics and Appli2004
cations” and of the Journal of Virology.
[7] B EHZADI , B., AND S TEYAERT, J.-M. The minisatellite transformation problem revisited : A
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run length encoded approach. In Algorithms
In Bioinformatics : 4th International Workshop,
International journals
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Modèles Combinatoires

Team members
Team leader
Gilles S CHAEFFER

Permanent members
– Robert C ORI, Professeur à l’École Polytechnique et à l’université Bordeaux I
– Daniel K ROB, Directeur de recherches CNRS,
professeur chargé de cours à l’École Polytechnique(until august 2006)
– Gilles S CHAEFFER, Directeur de Recherches
CNRS, professeur chargé de cours à temps partiel à l’École Polytechnique
– Ekaterina VASSILIEVA, Chargée de recherche
au CNRS.

Phds

Presentation Our main domain of interest is combinatorics and its algorithmic aspects. We believe that
a key to efficient algorithms often lies in combinatorial properties of the fundamental structures of
computer science, like words, trees or graphs. Our
aim is to study these combinatorial models, ranging from elementary algorithms on words or graphs
(depth/breadth first searches, orientations, colorings,
pattern occurrences...) to dynamical systems (chip firing games, jumping particles,...), that are often not
only of interest in computer science but also in mathematics and statistical physics. A typical instance
of our approach starts from enumerative results which
are used to uncover deep combinatorial properties and
develop algorithmic consequences, with a particular
emphasis on compact data structures and combinatorial representation of geometric objects.

Goals

– Luca Castelli A LEARDI, bourse de l’université
de Milan et du ministère des affaires étrangères.
Phd defended the 12th of december, 2006
– Eric F USY, corps des télécoms, détaché à l’INRIA Rocquencourt. PhD defended the 11th of
june, 2007
– Guillaume C HAPUY, bourse AMN, since september 1st, 2007.

During the last three years compact data structures for geometric structures have attracted a lot of
our interest and we believe that this line of research is
fruitful in the context of massive data structures. We
aim particularly at optimal compacity results, which
by essence rely very much on combinatorial methods.
At a more fundamental level we pursue the study
of colorings and graph exploration processes for embedded graphs. Classical algorithms like breadth- or
Guests
depth-first-search have remarkable properties when
– Pr. M. B ODIRSKY, Humbold U. Berlin, invited applied to embedded graphs. Understanding these
researcher (one week, winter 2006)
properties leads to various results ranging from enco– Dr. M. K ANG, Humbold U. Berlin, invited re- dings and data structures as mentioned above to intersearcher (one week, winter 2006)
actions with statistical physics and average case ana– Pr. S. R INALDI, Siena U., invited researcher lysis of graph algorithms.
(one week, autumn 2006).

Research domain

Results

Keywords Graph embeddings and colorings, enumeration, random discrete structures, analysis and design of algorithms and data structures, combinatorics
in statistical physics.

Embedded graphs and maps A large part of our
research is concerned with the topic of embedded
graphs and more precisely of planar maps. The notion
of planar map is for 2d geometric objects (discretized
surfaces, tilings, etc) what the combinatorial concept
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of tree is to tree-like structures : a mathematical abs- The algorithmics of maps. New properties of clastraction which is very useful to study the generic pro- sical graph exploration processes naturally find their
perties of these structures.
first applications in algorithmics. As a matter of fact
the definition of simple canonical covering trees has
allowed us to develop the first asymptotically optimal
The combinatorics of classical graph exploration encoding algorithms for triangulations and more geprocesses. We have discovered the recurrent exis- nerally for various types of planar maps. Here optitence in numerous types of maps of some canonical mality means that no encoding exists that would use
covering trees associated to the classical graph ex- shorter words in the worse or average case. Another
ploration processes (breadth first search, depth first type of algorithmic application is illustrated by the research, etc), which can be completely characterized sults of E. Fusy on automatic drawing of graphs and
in terms of context free grammars. For instance, to by the average quality analysis that we have developany planar triangulation, D. Poulalhon and G. Schaef- ped for these drawings [17, 23].
All these algorithms require linear running time
fer [12] associate a unique tree that encodes it, in a
(encoding,
decoding, sampling or drawing), and their
way that the set of trees we use is simple to describe
(in this case, the set of plane trees such that each inner simplicity has allowed that they be implemented and
used both in and outside our group.
node is adjacent to exactly two leaves).
These remarkable combinatorial properties were
first found while trying to understand the remarkably simple enumeration formulas that W.T. Tutte derived in the 60s for the enumeration of planar maps.
The postulate of bijective combinatorics, driving part
of our research, is that any nice formula should be
explained by an elegant combinatorial property. This
is indeed what we was able to show in the previous
example : the number of triangulations with n vertices
is given by a simple formula because to each triangulation is associated a tree and it is well known that
these trees are easy to count.
Several results of this type were obtained in our
group, uncovering unexpected relations between various classical combinatorial result. In particular E.
Fusy and G. Schaeffer, in collaboration with D. Poulalhon were able to relate 3-connected planar graphs
and binary trees [18] on one hand, bipolar structures
on maps and non crossing triple of Dyck paths on the
other hand [29]. E. Fusy obtained relations between
simple quadrangulations and ternary trees, and between irreducible triangulations and quaternary trees.
In a slightly different context G. Schaeffer and E.
Vassilieva proposed a bijection relating bicolor unicellular maps (not necessarily planar) to plane trees
and partial permutations using a variant of the famous
last passage tree construction used in the proof of the
BEST theorem for the number of Eulerian circuits in
a graph [24].
As we will see, these combinatorial results, at
first suggested by enumeration, have various consequences in quite different directions.

Relations with quantum geometry and enumerative topology. We have also shown how to use these
new combinatorial properties of classical exploration
processes to study the intrinsic metric of the standard
discretized version of 2d quantum geometry, uncovering a link that has a number of sequels in statistical physics and probability. Indeed the objects that we
consider happen to be underlying a model of random
discrete surfaces that is widely considered in physics
to model quantum geometry in dimension 2. Rougly
speaking, for the purpose of quantum geometry, the
standard euclidian metric must be replaced by a random metric, and a good discrete approximation of this
random metric is given by the graph metric on uniform random planar maps.
The study of such a family of trees with P. Chassaing had lead us a few years ago to propose the first
method allowing to obtain results on the intrinsic metric of these random surfaces in their infinite discrete
and rescaled limits (another method was simultanement proposed by O. Angel for the infinite discrete
limit (Angel 2005). Our work, which builds on earlier
constructions by Cori and Vauquelin (Cori-Vauquelin
1984), has been used and extended in particular by J.
Bouttier et al. (Bouttier-Di Francesco-Guitter 2005) to
compute some critical exponents describing the metric of these random surfaces that had been conjectured before. They were also at the origin of a series of papers in probability trying to describe the
continum scaling limit of these discrete random surfaces (Marckert-Mokkadem 2005), culminating with
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the recent work of J.F. Le Gall and F. Paulin proving
that the possible limits can only be spheres (Le Gall
2007). Recently we have obtained new combinatorial
results in this direction that open the way to an extension of the theory beyond the planar case, to higher
genus surfaces.
Compact data structures The optimal encoding
algorithm proposed by D. Poulalhon and G. Schaeffer for triangulations (as already discussed above)
has raised some interest in computational geometry
and computer graphics community, in relation with
mesh compression. Indeed, as shown by Isenburg and
Snoeyink [31], our algorithm can be reformulated
in the context of conquest encoding algorithms, and
from this point of view we have shown that the exceptional codes used by these algorithms can be avoided,
at least in the case of meshes with spherical topology.
These connections with mesh compression have
led us to consider more generally the design of compact representations for geometric data structures,
which attracts currently a large attention in relation
with the general problematics of the treatment of large
data sets. As opposed to compression, intended for
storage or transmission, the aim is here to develop
compact representations that can be considered as valid data structures, in the sense that they efficiently
support query on the objets without requiring decompression.
In this context, L. Castelli Aleardi and G. Schaeffer have developed, with O. Devillers, a series of compact data structures for various types of meshes : in
particular we obtained asymptotically optimal solutions for triangular and polygonal meshes with boundaries [15, 20, 14]. These works have inspired more
practical solutions, proposed in a further work in collaboration with A. Mebarki and O. Devillers [19].
These results were developed in the framework of the
cooperative project ACI GeoComp.
Going further in this direction, L. Castelli Aleardi,
with J. Barbay, M. He and I. Munro [25] have recently
proposed the first succinct representation for the case
of labelled graphs

not been much explored. In this context G. Schaeffer has studied with E. Duchi a fundamental model of
transportation of particles called the one-dimensional
asymmetric simple exclusion process. This process is
a Markov chain which, although relatively simple to
describe, has remarkable phase transition properties
explaining that it has been studied for many years in
physics and in probability.
In agreement with the above mentioned postulat
of enumerative combinatorics, we have shown that
the remarkable formulas of Derrida et al that describe
the entries of the stationary distribution of this chain
are the trace of deeper combinatorial properties of the
model. In particular we were able to described these
properties thanks to a covering of the basic Markov
chain that has a particularly simple behavior [6]. Not
only could we give in this way elegant proofs of earlier results of Derrida, and new extensions of the model, but our method of proof has inspired further work
(Corteel 2006, Williams 2007) and, together with an
alternative elegant construction of O. Angel (Angel
2005), has been an ingredient in the remarkable solution of the k-type model by P. Ferrari and J. Martin
(Ferrari-Martin 2005).

Boltzman random sampling. Boltzman sampling
is a probabilistic method, proposed by P. Duchon,
P. Flajolet. G. Louchard and G. Schaeffer [4] to design random sampling algorithms, which is based on
an fruitful analogy with technics of analytic combinatorics for the enumeration of combinatorial structures. Using this approach, E. Fusy [7] proposed the
first uniform random sampler for planar graphs that
run in quasi linear time (while the best known algorithms were in O(n5 )). E. Fusy has also extended the
Boltzmann framework for structures subject to symmetries (unlabelled framework) [28, 26], and has developed very efficient Boltzmann samplers for plane
partitions, in colaboration with Carine Pivoteau and
Olivier Bodini [21]. More generally we believe that
Bolzmann random sampling, in view of its simplicity
and efficiency, should replace the previous random
sampling tools based on the recursive method that are
currently used in symbolic computation programs like
Maple or in the design of test suite for programm
Combinatorics and non-equilibrium statistical
checking.
physics. As opposed to the relations between enumerative combinatorics and classical (equilibrium)
statistical physics, the link between enumerative com- Analytic Combinatorics for bioinformatics G.
binatorics and non-equilibrium statistical physics has Chapuy has studied the combinatorial notion of "si29
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milarity" between two lists, introduced by biostatis- Visibility
ticians in the context of DNA chips : after modeling the problem in terms of a combinatorial statis- National scientific cooperations
tics on random permutations, he studied the associa– Our team leads the GeoComp project within
ted process and describes a continuous limit in terms
the french ACI « Masse de données », 2004of multivariate-time Gaussian processes [27].
2007, bringing together teams from LIX, INRIA Sophia-Antipolis, LaBRI (université Bordeaux 1), and the theoretical physics center of
Combinatorial Methods in Telecommunications
the CEA Saclay.
A part of our research activities was focused on the
–
Our team took part in the projet « Structures
application of combinatorial methods in the field of
Aléatoires Discrètes et Algorithmes » (SADA),
mobile communications. The first subject we addresfunded by the french ANR for 2006-2009.
sed concerned the performance evaluation of demodulation protocols featuring diversity. D. Krob and E.
Vassilieva [9] found out that a classical bijection of D. International scientific cooperations
Knuth between binary matrices and Young tableaus of
– Luca Castelli Aleardi collaborates with researsimilar shape allowed the rewrite the Barret’s Formula
chers of the University of Waterloo (Ontario,
into a numerically stable expression. The second subCa), a paper was recently written with J. Barject dealt with the use of a combinatorial approach
bay, M. He and I. Munro.
to the issue of robust indexation of Gaussian vector
– Eric Fusy colaborates with Bilyana Shoilekova,
quantizers commonly used in CDMA cellular telefrom Oxford, on graph enumeration problems,
phony for encoding of non predictive components of
with Mihyun Kang and Manuel Bodirsky, from
voice within the eX-CELP protocol. E. Vassilieva, D.
Humboldt Universitaet Berlin, on further exKrob and J. M. Steyaert [13] discovered that approxitensions of the Boltzmann sampling framework
mating the n-dimensional Gaussian law by the binoand graph enumeration problems —two armial law and using the natural bijection between biticles [26, 30], with Stefan Felsner, from Technomial coefficients and binary words of a given hamnische Universitaet Berlin, on bijective results
ming weight allowed to split a Gaussian vector quanrelated to orientations of planar structures —
tizer in natural geometrical regions associated to code
one article, and with Konstantinos Panagiotou,
words of given Hamming weight. They proved that
from ETH Zurich, on statistical properties of
giving to each codevector of the Quantizer, a random
planar graphs.
codeword associated with the region it belongs to re– Gilles Schaeffer, in association with Enrica Duduced very much the distortion due to one bit error
chi (LIAFA) regularly colaborates with researduring codeword transmission over the network with
cher of the university of Siena, in particular an
respect to random index assignment. They used this
article was written in this period with Pr. S. Riprinciple to derive a very low complexity algorithm
naldi. Gilles Schaeffer collaborates with Mafor quantizer indexation outperforming classical comnuel Bodirsky and Mihyun Kang, from Humbinatorial approaches in the field and by far faster than
bold University in Berlin.
heuristic methods traditionally used.

Conference and seminar invitations

Teaching, dissemination and service
R. Cori and G. Schaeffer manage the combinatorics programm in the Master Parisien de Recherche
en Informatique (MPRI). Robert Cori also gives lectures within the computer science department of the
Ecole Polytechnique (3rd year course in Advanced
Algorithmics, and first year course in Programming
Languages)

Gilles Schaeffer gave seminars in the LIP general seminar at ENS Lyon, in the random surface working group of the math department of l’université Paris Sud, in INRIA Rocquencourt, invited talks and lectures at the 4th colloquium on Mathematics and Computer Science around algorithms, trees, combinatorics
and probability, at the 54th Lotharingien seminar, at
the 6th french workshop on computer geometry, at the
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EMS-SCM joint workshop and at the CRM in BarceCombinatorial Theory, Series A, edited by Ellona.
sevier.
–
Gilles Schaeffer is a member, since 2005, of the
Robert Cori gave an invited talk at the internatioeditorial board of ESAIM : Probability and Stanal conference “SandPiles Models and Related Fileds
tistics (European Society for Applied and In(EURANDOM)” in Eindhoven (septembre 2007)
dustrial Mathematics), edited by EDP Science.
Éric Fusy gave seminars in the LIP general se– Gilles Schaeffer is a member, since 2006, of the
minar at ENS Lyon, in the random surface working
editorial board of PuMA, Algebra and Theoretigroup of the math department of l’université Paris
cal Computer Science, edited by Budapest and
Sud, in INRIA Rocquecourt, at the 57th Lotharingien
Siena universities.
seminar, at the algorithmic seminar of ETH Zurich,
at the algorithmic seminar of Humboldt Universitaet
Berlin, at the weekly seminar on Discrete MathemaAwards
tics at Technische Universitaet Berlin, at the seminar
on Combinatorial Theory at Oxford, at the CRM in
– Gilles Schaeffer’s proposal for a communicaBarcelona, and gave an invited talk at the CRM in
tion about bijective combinatorics was selecMontreal.
ted by the Académie des Sciences and presented at the session “Recent advances in information and communication sciences”, which took
Conference organisation
place on October 9th, 2007.
– Gilles Schaeffer received the “2007 European
– The team organized several short workshops
Price in Combinatorics” at the Real Alcazar of
(2-3 days) within the ACI Geocomp and ANR
Sevilla in september 2007.
Sada framework.
– Robert Cori organized a workshop in october
2007 in Bordeaux in honor of Professor Knuth.
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Modélisation Algébrique et Calculs Symboliques

Team members

Phds
– Xavier DAHAN, bourse EDX, from October
2003 to November 2006 ([54])
– Saïd M OUTAOUAKIL, bourse du royaume marocain, gave up in December 2005.

Team leader
Marc G IUSTI, Directeur de Recherche au CNRS

Permanent members
– Michel F LIESS, Directeur de Recherche au
CNRS
– Marc G IUSTI, Directeur de Recherche au
CNRS
– Jean M OULIN -O LLAGNIER, Professeur à
l’université de Créteil
– François O LLIVIER, Chargé de Recherche au
CNRS
– Éric S CHOST, Maître de Conférence à l’École
polytechnique (jusqu’en 2006).

Guests

Postdocs
– Frank W OITTENEK, bourse DGA, from april
2007.
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– Antonio C AFURE, Universidad de Buenos
Aires, Universidad Nacional de General Sarmiento, Argentina, Polytechnique invited researcher from mid October to mid December
2006
– Joos H EINZ, Universidad de Buenos Aires, Faculdad de Ciencias Exactas y Naturales, Argentina, April 2006
– Guillermo M ATERA, Universidad de Buenos
Aires, Faculdad de Ciencias Exactas y Naturales, Argentina, Polytechnique invited researcher, from November 1st to November 30, 2006
– José Enrique M ORAIS S AN M IGUEL, Universidad Publica de Navarra, Spain, Polytechnique
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invited researcher, from March 1st to June 30,
2005
– Andrzej N OWICKI, University Nicolas Copernic, Institute for Mathematics, Toruń, Poland,
Polytechnique invited researcher, from May 1st
to May 31, 2006
– Luis Miguel PARDO, Universidad de Cantabria,
Facultad de Ciencias, Depto. de Matemáticas,
Estadistica y Computación, Spain, Polytechnique invited researcher, 2 months in March
2005 and 2007
– Pablo S OLERNÓ, Departamento de Matemática, Facultad de Ciencias Exactas y Naturales,
Universidad de Buenos Aires, Buenos Aires,
Argentina, Polytechnique invited researcher, 2
months January and February 2006.

Research domain

geometrically-defined way to obtained a canonical decomposition ; they also showed how lifting algorithms
can be adapted to this context.
Change of order in positive dimension
Many operations with multivariate polynomials,
such as implicitization, rely on manipulations involving one or several lexicographic orders. Triangular
representations appear as a natural tool to handle such
situations, where orders on the variables matter. Xavier Dahan, Xin Jin, Marc Moreno Maza and Éric
Schost designed in [38] a modular method, reducing
the problem to computations in dimension zero and
one, very similar in spirit to those previously proposed by Giusti, Heintz et al. for geometric resolution
algorithms.
On the complexity of the D5 principle

Research in team MAX spans the area of symbolic computations dealing with the resolution of algebraic or differential-algebraic systems. In particular, we try to focus our efforts on improving the complexity of resolution algorithms.
The study of differential systems includes applications to control theory, by means of identification and observability tests, the study of flat systems
(Monge’s problem) and the discovery of criteria for
flatness.
Michel Fliess leads the INRIA-Futur A LIEN project, which is located at both INRIA-Saclay-Île-deFrance and INRIA-Nord-Picardie and is devoted to
the study of new techniques for identification and
observability. This research is yet another evidence
of the contributions of algebraic methods in control
theory and signal analysis.

Results

The so-called D5 principle was introduced in
1985 by Jean Della Dora, Claire Dicrescenzo and Dominique Duval, to automatize reasoning based on case
discussion for algebraic numbers. Following this idea,
Xavier Dahan, Marc Moreno Maza, Éric Schost and
Yuzhen Xie showed in [39] how to obtain the first
quasi-linear time algorithms for arithmetic computations modulo triangular sets.
Bivariate triangular sets
The seemingly easy task of changing order in bivariate triangular representations actually has a wide
range of applications, from Trager’s factorization algorithm to rational function integration. Cyril Pascal
and Éric Schost gave in [44] sharp complexity estimates for this operation, in the continuation of the
work mentioned above for algebraic numbers.
Multivariate power series multiplication

Resolution of algebraic systems
Triangular decompositions
Among the many ways to solve polynomial systems, triangular decompositions turn out to be wellsuited to many practical problems ; however, many
complexity questions are still open for these objects.
As a first step, Xavier Dahan, Marc Moreno Maza,
Éric Schost, Wenyuan Wu and Yuzhen Xie introduced
in [30] the notion of equiprojectable decomposition, a

The subroutines at the heart of our algorithms for
polynomial systems also rely on power series multiplication in several variables. It turns out that no
fast algorithms were known for this operation. This
is all the more surprising as the question appears in
many other contexts. We unearthed links between this
question and that of polynomial evaluation and interpolation, connecting the geometry of the set of monomials involved to the complexity of the computations, through “deformation techniques” [35]. As a
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first consequence, we proved that Lecerf’s Newton Geometric methods
iteration has a complexity less than quadratic.
The main and characteristic problem in the real
situation is to exhibit - with a good complexity Computations with algebraic numbers
a point in every connected component of a real alThe computation of annihilating polynomials for gebraic variety, given by equations. In collaboration
the sum or the product of algebraic numbers is one with Bernd Bank, Joos Heintz and Luis Miguel Pardo
of the basic operations at the heart of computer al- Vasallo, Marc Giusti generalized the classical notion
gebra, with applications to many higher-level algo- of polar variety, allowing then a unified framework to
rithms. Alin Bostan, Philippe Flajolet, Bruno Salvy treat both the compact (previous work) and the nonand Éric Schost gave quasi-optimal algorithms for compact case. The complexity of the algorithm dethese operations, with extensions to the more difficult pends on extrinsic (dimension, degree and evaluation
problem of diamond product. Our solutions rely on complexity of the input equations) as well as intrintechniques developed previously or concurrently (al- sic quantities of degree type. All together, the upper
gorithm transposition, power series multiplication).
bound obtained for the complexity of this algorithm
is better than any other known.
A first approach establishes the property of
Linear algebra.
Cohen-Macaulay for these generalized polar varieties
Structured linear systems (involving so-called
[3], first technical step. The definitive result (smoothToeplitz-like, Vandermonde-like matrices) can be solness) [11] is published in the Special Issue of J. of
ved much more efficiently than general ones, using
Complexity in honour of Arnold Schönhage.
so-called displacement operators to obtain compact
data structures. Alin Bostan, Claude-Pierre Jeannerod
and Éric Schost have showed how to reduce the cost of From geometry to numerical analysis
such algorithms for families of matrices having large
displacement rank [45] ; this yields as a by-product
In the early of the eighties, Mike Shub and Steve
improved algorithms for algebraic approximation or Smale developped a quantitative analysis of the Newmultivariate polynomial interpolation.
ton method applied to systems of polynomial equations. In particular their celebrated α-theory yields an
effective
criterion to insure a quadratic convergence
Fast computation of isogenies
to a simple zero, requiring only informations on the
In the Schoof-Elkies-Atkin algorithm that com- initial point of the iteration.
putes the cardinality of an elliptic curve over a finite
Generalization of this theory to multiple isolated
field, isogenies between elliptic curves are used in
zeros (and its numerical avatar, clusters of zeros) is a
a crucial way. Alin Bostan, François Morain, Bruno
big challenge. In this case the convergence is no lonSalvy and Éric Schost introduced in [20] a new alger quadratic, but it is known how to perturb the Newgorithm that computes such isogenies in quasi-linear
ton operator in the Schröder operator to restore it.
complexity (in large characteristic), relying on algoInspired by the symbolic deflation algorithm derithms for power series expansions of the solutions of
signed by Grégoire Lecerf in his thesis, Marc Giusti,
differential equations.
Grégoire Lecerf, Bruno Salvy and Jean-Claude Yakoubsohn studied a general criterion to detect and apRecurrences with polynomial coefficients
proximate a cluster of zeros. They succeeded first for
The question of computing one (or several terms) analytic functions, as follows : the convergence is still
in a recurrence with polynomial coefficients has, sur- quadratic when the iteration is stopped on time, comprinsingly, many applications. In [19], Alin Bostan, puting a point located at a distance of the order of
Pierrick Gaudry and Éric Schost gave improved algo- the diameter of the cluster. This result is published in
rithms for this operation ; this has consequences for [13].
the complexity of factoring integers deterministically,
Second they achieved the generalization to muland for point-counting of hyperelliptic curves, using tiple zeroes of analytic systems under the hypothesis
the Cartier-Manin operator.
of embedding dimension one [23].
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Differential algebra
Integration in closed form
Jean Moulin-Ollagnier continues his work on integration in closed form of polynomial vector fields,
alone and in collaboration with several french and foreign colleagues : Jean-Marie Strelcyn (Rouen), Andrzej Nowicki and Andrzej Maciejewski (Torùn, Poland), Arno van den Essen (Nimègue, Netherlands).
Several papers were published since January 2005
[6, 18] and [24], which precise and complete a previous publication [5].
From formal to numerical computations

the archives of the Academy of Science of Berlin, in
a double spirit of history of science and original developments in algorithmics and computer algebra. Indeed, precious and yet unexploited indications lie in
Jacobi’s work.
Historical researches were presented in a poster at
the conference Differential Algebra and Related Topics in April 2007 at Rutgers University (Newark,
New Jersey) and some results on normal forms at a
special session of the AMS conference Differential
Algebra, at Stevens Institute of Technology, Hoboken
(New Jersey).
In collaboration with Brahim Sadik (Université
Cadi Ayyad, Marrakech, Moroccao), François Ollivier gave a new proof of Jacobi’s bound, under hypotheses close to the work of Kondratieva et al., in the
framework of the geometry of diffieties ([26]). Furthermore this yields a proof of the condition given by
Jacobi under which the bound is attained, and makes
precise how to find a normal form in this case.
The result was also extended to under-determined
systems.

A collaboration with CNES AND ONERA in the
frame of the CARINS project finished at the end of
2004. It was an expertise activity, related to the realization of a numerical code, integrating a symbolic
tool. The goal was to simulate the behaviour of a rocket engine with liquid ergols.
This activity gave us a practical know-how on the
symbolic precomputations needed to the numerical
integration of a system. The use of a free computer
algebra software in this domain was presented to a
public of engineers in a conference organized by the Difference Algebras
SEE in may 2005 [52].
Saïd Moutaouakil begun in 2003 a PhD (with adviser Michel Fliess) on delay identification. François
Jacobi’s bound
Ollivier became adviser in September 2004, refocuAround 1836, Jacobi proposed a sharp bound on sing the work on difference algebras. Results were puthe order of a system of n ordinary differential equa- blished in [25]. They are based on a free interpretation
tions ui (f1 , . . . , fn ). Jacobi alive neither published of the ALIEN method described below, from succeshis result, which can be expressed as the maximum sive part integrations.
Saïd Moutaouakil gave up research in December
maxσ∈S n ai,σ(i) , with ai,j = ordfj ui , nor the original algorithm he invented to compute it in polynomial 2005 to create a computer software company.
time (assignement problem).
Manuscripts were partly published in Latin
around 1860 [56, 57], but were quickly forgotten apar- ALIEN method
toutside some restricted circles of experts in differenALIEN is an INRIA project headed by Michel
tial algebra. Proof of this oblivion, Jacobi’s algorithm
5
Fliess.
Michel Fliess and François Ollivier are the
was rediscovered by Kuhn only in 1955 , under the
name of hungarian method. The assignement problem only ALIEN members belonging to LIX. We describe
interested highly the mathematical community 6 since here the research of the LIX part of the ALIEN prothe end of World War II, to solve optimization pro- ject.
blems in economy.
The manifold success of our viewpoint in various
F. Ollivier is finishing a translation of these texts, branches of mathematical engineering is indicating
including unpublised manuscripts he discovered in directions for researches in a near future.
5
6

The fifthiest anniversary of this success was celebrated in Budapest on October 2005.
as famous researchers as J. von Neumann.
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Algorithmic and numerical aspects of estimation
Our calculations are resting on the two following
aspects :
– Algebraic elimination of some system variables. Here again the use of non classical data
structures form a keystone for accelarating algebraic computations and eventually producing
naturally efficient numerical programs.
– Manipulation of matrices, which are illconditioned since the integration time is very
short.
Improving our results will therefore necessitate a
combination of algorithms stemming from computer
algebra and numerical analysis which needs to be better understood.
Note that ALIEN aims at developing algorithms,
but no commercial software.
New concrete examples in control
New concrete examples from various technological fields will be investigated. It is worth noticing that
several experimental benchmarks are already available at LAGIS laboratory (mobile robots, stepper
motor, cart-pendulum) as well as at ECS laboratory
(benchmark on multi-cell chopper).
Collaborative robots The cooperation between several agents is a challenging trend from both economical and scientific points of view. A large number of
applicative fields can be cited : Transportation (unit
of mobile robots), Health (remotely-operated surgery
robots), Environment or Defence (fleet of drones or
UAV), Space (constellation of satellites), Machining
(over-actuated systems)... The cooperating devices
have to fulfill a common objective, subject to environment perturbations and using a limited number of
sensors. Then, it makes sense to use fast reconstruction of state variables as well as of exogenous parameters (force feedback, obstacle positions...). It is aimed
at designing computationally efficient algorithms, based on algebraic estimation techniques, and working
out the required information on the basis of the available sensors and communication links.
Magnetic levitation Magnetic levitation systems
have received much attention as a way of elimina-

ting Coulomb friction due to mechanical contact. Levitation bearing has been used from the beginning
in rotating machinery to support rotors without friction providing low energy consumption, high rotational speed, with no lubrication and greater reliability. It also allows a simpler and safer mechanical design as in the case of pumps used in nuclear installations where fluid leakage avoidance is of primary
importance. Magnetic bearings are also becoming increasingly popular in the precision industry, with significant demands on accurate positioning. One can
quote nanometric servo-position actuator in microlithography industry as well as vibration isolation in
precision scientific instruments. High-speed ground
transportation systems constitute another application,
probably the most famous : Japanese “Maglev” and
German “Transrapid” are very fast trains using the
principle of a linear motor hanged up over a magnetic
rail.
Magnetic levitation systems highlight phenomena
like strong nonlinearities, fast dynamics, actuator saturations and uncertain parameters. Many control
techniques have been quite successfully implemented on levitation systems. Within the control methodologies, one can cite, for instance, feedback linearization control, flatness based control, passivity based
control, or backstepping design approach. However
the performances are limited by the model relevance
as well as its parameters accuracy. Estimation of these
parameters is a motivating problem and it is aimed at
developing and testing control laws based on closedloop identification methods. In the next few months, a
magnetic shaft benchmark will be developed in Lille
in collaboration with Dr. Joachim Rudolph from the
University of Dresden.
Friction Modelling or estimating on-line the viscous or dry friction in mechanical systems is a
challenging problem with an industrial impact. To
mention only the regional framework of “Region
Nord - Pas de Calais”, several programs are concerned with brake systems management (ST2 pole7 , iTRANS8 ) as well as friction compensation (ERT CEMODyNE9 ).
By using the fast estimation capabilities, we hope
to drastically simplify some difficult modelling problems arising while studying friction. Two bench-

7

Science and Technologies for Safe Transport, the theme 4 of which is devoted to braking mechanics :
http ://www.polest2.fr .
8
French Pôle de compétitivité on “Railway at the heart of the innovative transport systems”.
9
See http ://www.lille.ensam.fr/cemodyne.
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marks at LAGIS can be used to illustrate the efficacy
of the algebraic methods for the control of electromechanical systems with friction : A linear drive actuating a cart-pendulum, and a stepper motor. Note that
the latter is a flat system and so, a linearizing control
law based on the fast and robust estimation of the time
derivatives of the sensor signals can be considered.
Multi-cell chopper Multi-cell chopper and converter are more and more popular in power electronic,
due to three main reasons : (1) The possibility with the
same switching component of covering a wide voltage
scale. (2) The modularity and flexibility introduced in
the design of such chopper or converter. (3) The drastic decreasing of the dv over dt phenomenon.
Unfortunately, due to the complexity of the
control (i.e. hybrid system, non universal input...),
many of the industrial applications are considered in
the vicinity of a given, static requested behavior. The
algebraic techniques could be considered so to design
an observer-based control algorithm valid for more
general dynamic behaviors. Application domains of
such a breakthrough are, for instance, railway traction
and active filters for networks.

ced so to represent the effects of the penetration of
the aircraft through the gust. Combining this description with a fast identification algorithm constitutes a
track for the aerodynamic coefficients identification.
Tests will be carried out at the Flight Analysis laboratory of the DCSD of ONERA in Lille. During those
experiments, a model of civil aircraft equipped with
an embedded instrumentation will be catapulted and
will cross, during a free flight, a turbulence generated
by a vertical blower.
Networked control Communication networks
(ethernet, wifi, internet, CAN... ) have a huge impact
on the flexibility and integration of control systems
(remote control, wireless sensors, collaborative systems, embedded systems...). However, a network unavoidably introduces time delays in the control loops,
which may put the stability and safety performances
at risk. Such delays are varying (jitter) and efficient
control techniques (predictor-based) take advantage
of their knowledge. Two approaches have to be combined : (1) use delay identification algorithms and improve the control ; (2) design control/estimation algorithms that can stand variations of the delay.

Linear delay systems

Signal, image, and video processing

Delay estimation may also be a crucial question in
concrete situations, since most of the efficient control
techniques need the delay as a parameter. Real time
identification of delay was considered as an open problem. Scarce results manage an asymptotic identification, the convergence time of which does not guaranty
an efficient combination with control or fault diagnosis techniques. The approach introduced in [36] opens
a promising track to fast estimation of delays, including the case of variable ones. Several fields of application are concerned.

Multi-user detection In the direct-sequence codedivision multiple access (DS-CDMA) system, several
users share a common propagation channel, by use of
spread spectrum signalling. Each user is assigned a
unique code sequence corresponding to its signature.
This signature sequence allows the user to modulate
and spread the information-bearing signal across the
available frequency band. It is also on the base of this
signature that the receiver distinguishes and separates
the corresponding user among the others.
As the different users access the channel asynchronously, the optimum maximum likelihood receiver, which is based on a bench of correlators, has a
computational complexity which grows exponentially
with the number of users. It seems that our method
should leads to a most efficient detection with a reasonable level of complexity.
Direction-of-arrival estimation The problem of
estimating the direction-of-arrival of multiple sources
incident on a uniform array has received much attention in recent years, especially for wide band sources
for which the existing solutions are rather computationally demanding. If sk (t), k = 1, . . . , M , denotes
the k th source signal, the signal yi (t) received then by

Process engineering
A wide class of plants (chemical engineering,
food industry...) can be approached efficiently by a
simple linear model with input delay. If it turns out to
be possible, proposing a software that provides both
the model and the associate controller from industrial
data mining (thus, off-line data) is very relevant to industrial concerns.
Aeronautics Among the various approaches that
model the longitudinal flight of an aircraft through a
vertical gust, a delay-based description was introdu-
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the ith sensor, i = 1, . . . , N is of the form :
yi (t) =

M
X
k=1

si (t − τi (θk )) + ni (t),

observer for the chaotic encoding system. Many techniques issued from observation theory have been applied to the problem of synchronization, where the receiving system asymptotically tracks the states of the
transmitting system : observers with linearizable dynamics, adaptive or sliding mode observers, generalized hamiltonian form based observers, etc.
The key issue here is to take an algebraic viewpoint for the state estimation problem associated with
the chaotic encryption-decoding problem and to emphasize its use for the efficient and fast computation
of accurate approximations to the successive time derivatives of the transmitted observable output signal
received at the decoding end. Those methods should
also be useful in new encryption algorithms that require fast estimation of the state variables and the
masked message.
Note that the technological aspects of this new
kind of cryptography has nothing to do with numbertheoretic cryptography which has become very popular in computer science.
Comparison with other methodologies
People of the project who belong to LAGIS, as
well as Jean-Pierre Barbot, have been working for
many years on other methods for fast estimation (of
state variables or unknown parameters). Those techniques, that have been widely developed during the
last decade in the literature, are often referred as “finite time” observers or estimators : The knowledge of
the variables or the parameters is theoretically recovered after a finite time and not asymptotically (as it is
usually the case). This approach involves notions such
as homogeneous functions or discontinuous functions
(one can refer to higher order sliding mode theory or
the larger area of variable structure systems). Thus,
for several fields of applications, the members of the
project have the required background to perform comparisons of variable structure techniques and algebraic methods in the framework of fast estimation and
identification.

where :
– ni (t) is an additive noise,
– τi (θk ) is the (relative) delay of a signal from
direction θk .
The problem of estimating the direction-of-arrival is
equivalent to the estimation of those delays. When a
model for the source signal is known, as it is the case,
for instance, in radar and sonar applications, this problem admits in our approach a simple and straightforward real-time solution. In a blind situation, where
no signal model is available, our method yields good
estimates provided the real-time constraint is relaxed.
Turbo-codes The famous discovery of turbocodes by Prof. C. Berrou and the late Prof. A. Glavieux has certainly been the main achievement in the
90s of the theory of error control codes. Besides completely changing not only the theory but also the practical implications of this field, it has given birth to various extensions in signal processing such as turboequalisation. It seems that turbo-decoding might benefit from our new understanding of estimation.
Watermarking This which is becoming a hot topic
and may be viewed as a type of cryptography where
a hidden message has to be inserted in an image or a
video. Our approach to image and video processing,
which unfortunately could not be reviewed in this report for legal reasons, has already given promising
preliminary results in this field.
Cryptography
After Pecora and Carroll (1991) successfully synchronized two identical chaotic systems with different
initial conditions, chaos synchronization has been intensively studied in various fields and in particular in
secure communications (because chaotic systems are
extremely sensitive to their initial conditions and parameters). The idea is to use the output a particular
dynamical (chaotic) system to drive the response of an
identical system so that they oscillate in a synchroni- Software, patents and contracts
zed manner. An interesting application in secure communication uses such a chaotic master dynamics to Software
mask a message and a synchronized slave system to
– Programs used in the numeric simurecover the message.
lations described in [25] are available
Since the work of Nijmeijer and Mareels (1997),
from : www.lix.polytechnique.frthe chaotic system synchronization problem has been
/˜ollivier/LogicielFr.htm.
intimately related to the design of a nonlinear state
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– The work described by Xavier Dahan and Éric
Schost in [27, 30] has been implemented by
F. L EMAIRE, M. M ORENO M AZA and Y. X IE
in the library RegularChains of the commercial package M APLE, since version 10.
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Fundamental number theoretic algorithms :
nique, April –July 2007.
we are interested in primality proving algorithms based on elliptic curves (F. Morain being
Guests
the world leader in this topic), integer factorisation, and the computation of discrete loga– Isabelle D ÉCHÈNE, Univ. Waterloo, 2006-07rithms over finite fields. These problems lie at
17 until 2006-07-21
the heart of the security of arithmetic based
– Anton S TOLBUNOV, Univ. St Petersbourg,
cryptosystems. We want to push primality and
2006-07-17 until 2006-07-19
factorization as far as we can.
– Gagan G ARG, Bangalore, 2006-06-05 till
– Algebraic curves over finite fields : the algo2006-06-25
rithmic problems that we tackle deal with the
– Osmanbey U ZUNKOL, TU Berlin, 2005-12-19
efficient computation of group laws on Jacountil 2005-12-23
bians of curves, evaluation of the cardinality of
– Anita K RAHMANN, TU Berlin, 2005-12-19 unthese objects, and the study of the security of
til 2005-12-23
the discrete logarithm problem in such groups.
– Igor S HPARLINSKI, Macquarie University,
These topics are the crucial points to be solved
2007-09-07/14
for potential use in real crypto products.
– Damien V ERGNAUD, Postdoc, 2006-04-24/26
– Complex multiplication : the theory of com– Thorsten K LEINJUNG, Univ. Bonn, 2005-02plex multiplication is a meeting point of alge23/27
bra, complex analysis and algebraic geometry.
– Edlyn T ESKE, Univ. Waterloo, 2006-07-17/19.
Its applications range from primality proving to
the efficient construction of elliptic or hyperelliptic cryptosystems.
Research domain
The aim of the Cryptology team which hosts the
INRIA TANC project is to promote the study, implementation and use of robust and verifiable asymmetric
cryptosystems based on algorithmic number theory.
It is clear from this sentence that we combine
high-level mathematics and efficient programming.
Our main area of competence and interest is that of
algebraic curves over finite fields, most notably the
computational aspects of these objects, that appear as
a substitute of good old-fashioned cryptography based on modular arithmetic. One of the reasons for this
change is the key size that is smaller for an equivalent security. We participate in the recent bio-diversity
mood that tries to find substitutes for RSA, in case
some attack would appear and destroy the products
that employ it.
Whenever possible, we produce certificates
(proofs) of validity for the objects and systems we
build. For instance, an elliptic curve has many inva-

Results
Fundamental number theoretic algorithms
F. Morain worked on a fast variant of ECPP, called
fastECPP, which led him to gain one order of magnitude in the complexity of the problem (see [18, 2]),
reaching heuristically O((log N )4+ ), compared to
O((log N )5+ ) for the basic version. By comparison,
the best proven version of AKS [54] has complexity
O((log N )6+ ) and has not been implemented so far ;
the best randomised version [58] reaches the same
O((log N )4+ ) bound but suffers from memory problems and is not competitive yet. F. Morain implemented fastECPP and was able to routinely prove the
primality of 10, 000 decimal digit numbers [18], as
opposed to 5, 000 for the basic (historical) version.
F. Morain set the current world record to 20,562 decimal digits in early June 2006. This record was made
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possible using an MPI-based implementation run on a
cluster of 64-bit bi AMD Opteron(tm) Processors 250
at 2.39 GHz.
In ECPP, one looks for an auxiliary imaginary
quadratic field having some special properties : if N is
the number to be proven prime, one looks for a discriminant D > 0 such that N = (U 2 + DV 2 )/4 (in integers U and V ). The √
dominant step of the algorithm
is the computation of −D modulo N . In fastECPP,
this cost is reduced by using a basis of square roots
of small qi subproducts of which are assembled to get
the D.
Once such a good D is known, there exists an elliptic curve E defined over Z/N Z whose cardinality
is m = N + 1 − U . If this number happens to be easy
to factor (say m = cN 0 with N 0 a probable prime
and c a completely factored number), then the algorithm proceeds to compute an equation for E in the
form Y 2 = X 3 + AX + B. The success of this part
of the algorithm relies on the ability of computing rapidly class polynomials using complex multiplication
(CM) techniques as explained in the section of same
name below, say HD (X). This huge polynomial has
to have roots modulo N , and these are found using the
Cantor-Zassenhaus algorithm, after the splitting field
of HD (X) has been decomposed into cyclic extensions (see [46, 45] and [51], where a fast reconstruction algorithm for algebraic integers is presented). Finally, a primality proof emerges as a point P of proven
order N 0 , and a recursive proof for N 0 is appended to
complete the job.
Another improvement was introduced for finding
quasi-smooth integers m. It uses an improved version
of Bernstein’s algorithm. This fast sieving procedure
is described in [21].

Algebraic curves over finite fields
Group laws : After hyperelliptic curves, the next
promising candidates for cryptosystems based on the
discrete logarithm problem are superelliptic (of the
form Y n = f (X)) and so-called Ca,b curves (of the
form Y n − X d = h(X, Y ) with h of comparatively
low degree). These curves, necessarily of genus 3 or
higher, are attractive since their non-singular model
has a unique point at infinity, so that the arithmetic in
the Jacobian boils down to the arithmetic in the divisor class group. Algorithms have been presented in
[49], relying on LLL, and [43], relying on Gröbner
basis computation with an unknown complexity. To-

gether with researchers from LIP 6, we have developed a new algorithm using basis changes in Gröbner
bases, and ultimately simple linear algebra [4]. The
relative simplicity of the algorithm has allowed us to
develop explicit formulæ for the arithmetic expressed
by operations in the ground field, and no more with
polynomials over this field [19]. The formulæ are publicly available as MAGMA code and held the record
for the lowest operation count at the time of publication.
Concerning the arithmetic of hyperelliptic curves
of genus 2, the closest competitors to elliptic curves,
substantial progress has been made by P. Gaudry.
Using the theory of theta functions, he has been able
to obtain novel formulæ on the Kummer surface of
the curve that beat all previous formulæ and, when
taking into account the different field sizes for an appropriate level of security in the two cases, appears to
render genus 2 curves faster then elliptic ones [15].

Cardinality in genus 1 and large characteristic :
F. Morain, helped by A. Enge and P. Gaudry, has
been revisiting the SEA algorithm in genus 1, to see
what was left to be improved since the last record,
which was achieved in 1995 [42]. This led first to new
easy records resulting from Moore’s law. The program was completely rewritten in NTL and new algorithms were introduced, concerning mainly the fast
search for eigenvalues ; this work was presented at ISSAC 2006 [29]. In [33], a new approach to the eigenvalue computation is described and proven.
Together with A. Bostan, B. Salvy (from the project ALGO), and É. Schost (team MAX at LIX),
F. Morain gave quasi-linear algorithms for computing
the explicit form of a strict isogeny between two elliptic curves, another important block in the SEA algorithm [14]. Note that isogenies now live their own
lives in cryptography (see [57]) and that they are becoming an interesting computational primitive in cryptosystems. This is the reason why we organised a oneday workshop on that topic in July 2006.
The new record is currently (September 2007) for
a prime p of 2500 decimal digits (again compared to
500dd back in 1995). This was made possible only because of A. Enge’s new algorithm [40] for computing
modular equations of index greater than 2000. These
equations are still a stumbling block to reach higher
cardinalities.
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Cardinality in genus larger than 1 : After the
ground breaking works of [47, 55], our team has been
involved in developing algorithms for computing the
cardinalities of curves of genus greater than 1 over
fields of relatively small characteristic p. The common feature of all these algorithms is that they lift the
problem to a p-adic field.
In large characteristic, the equivalent of the
Schoof–Elkies–Atkin algorithm for elliptic curves is
the only viable approach to point counting. P. Gaudry
and É. Schost have developed an algebraic approach
(relying on resultant computation) to obtain modular
equations in genus 2 [7], already reduced modulo the
field characteristic and specialised in the given curve.
They reach a level of about 20, which should be compared to the gigabytes of data filled by the complete
multivariate modular equation computed for levels 2
and 3 by R. Dupont [35]. Together with a clever adaptation of the random walk, birthday paradox approach
to the L-polynomial of a genus 2 curve [23], this enables them to obtain a random curve of cryptographic
size of about 160 bits over a prime field [22]. Together
with A. Bostan, they obtain even larger cardinalities
of about 192 bits over medium characteristic extension fields by profiting of the Cartier–Manin operator
that yields information modulo p [20]. These implementations are currently the only ones obtaining random non-elliptic curves over medium to large characteristic fields that are suitable for cryptography.
Isogenies : Together with A. Bostan, B. Salvy (from
projet ALGO), and É. Schost, F. Morain gave quasilinear algorithms for computing the explicit form of a
strict isogeny between two elliptic curves, another important block in the SEA algorithm [14]. This article
contains a survey of previous methods, all applicable
in the large characteristic case. Joux and Lercier have
recently announced a p-adic approach for computing
isogenies in medium characteristic.
For the small case, the old algorithms of Couveignes and Lercier were studied from scratch, and
Lercier’s algorithm reimplemented in NTL by F. Morain, as a benchmark for other methods still being developped. A master intern (L. De Feo) was put on
cleaning the most recent of them, known as CouveignesII, that involves building the explicit pk torsion
of the curve and finding isomorphisms between ArtinSchreier towers. This work already led to the clarification of the complexities involved, and a fresh im-

plementation in NTL is needed, that will be his first
thesis work. A publication on the first results obtained is in preparation.
Discrete log on curves : Concerning the discrete logarithm problem on algebraic curves, the most promising algorithms rely on creating relations as smooth
principal divisors on the curve and use linear algebra
to deduce the discrete logarithms. Two research directions can be distinguished, that are both pursued by
our team. The first approach consists of deriving complexity results for the genus tending to infinity and
the size of the finite field growing only moderately.
Typically, this results in algorithms of subexponential
complexity L(1/2). This direction has been followed
by A. Enge in his doctoral thesis and later in collaboration with P. Gaudry. The second approach consists
in analysing essentially the same algorithms for fixed
genus, but with the field size tending to infinity. Typically, the outcome are exponential algorithms, but
these may nevertheless be faster than generic algorithms of square root complexity and thus consist a
threat for the cryptographic use of algebraic curves.
This approach has been founded by P. Gaudry in his
doctoral thesis.
Making clever use of the notion of large primes,
P. Gaudry, N. Thériault, E. Thomé and C. Diem have
succeeded in lowering the complexity of the above
mentioned discrete logarithm algorithms for fixed genus so much that curves of genus 5 or higher are definitely eliminated from cryptography [16]. Curves of
genus 1 or 2 are not affected, while those of genus 3
or 4 require the key size to be slightly increased and
thus might survive in special situations.
For the very first time in algebraic curve cryptography, A. Enge and P. Gaudry have exhibited a class
of curves in which the discrete logarithm problem
is attacked by a subexponential algorithm of complexity less than L(1/2). Precisely, the complexity is
in L(1/3) for the preliminary phase of computing the
group structure and L(1/3 + ε) for any ε > 0 for
the discrete logarithms themselves. This shows that
the corresponding algebraic curve cryptosystems, essentially based on Ca,b curves with the degrees in X
and Y growing in a special way with the genus, are
no more secure than RSA and thus of no cryptographic interest. This result is a major step towards the
goal of the TANC project to catalogue all classes of
curves suited for cryptography. The publication [32]
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was rewarded as one of the three best papers at the Eurocrypt 2007 conference, and we are invited to submit
an extended version to Journal of Cryptology. A comparative implementation of the different algorithms
of complexity L(1/2) resp. L(1/3) is underway by
a master student of A. Enge’s, J.-F. Biasse.

A further library, also available under LGPL, implements polynomials over the reals (MPFR) respectively the complex numbers (MPC). It implements
asymptotically fast algorithms for multiplication such
as Karatsuba, 3-way Toom–Cook and the FFT, as well
as fast division using Newton iterations.
Our approach enabled us to compute class polynomials
for discriminants used in fastECPP as large
Complex multiplication
as 4, 587, 151, 443 (three hours CPU) or huge class
Genus 1 : The heart of the fastECPP algorithms is numbers such as 14, 720 (1 hour and a half), Galois
the ability to compute class polynomials easily. Clas- decomposition included.
sically, one builds the Hilbert class
√ field KH of an
imaginary quadratic field K = Q( −D) using special values of the classical modular function j(q) = Genus 2 : Our first contribution in this context is
1/q + 744 + · · · (with q = exp(2iπτ ) for τ in the the 2-adic CM method, which is a more efficient alupper complex half plane). The sought minimal poly- ternative to the classical one. This was a joint work
between P. Gaudry, T. Houtmann, D. R. Kohel, C. Ritnomial is
zenthaler and A. Weng. The underlying problem is to
Y
(X − j (τQ ))
HD [j](X) =
compute Igusa class polynomials. Indeed computing
Q∈Cl(−D)
Igusa class polynomials whose class number associated to the CM field was greater than ten was out of
where Q = (a, b, c) runs through a set of canonical rereach before our work. It is now possible for class
presentatives of Cl(−D) or in other words primitive
numbers between fifty and a hundred. One direct apreduced quadratic forms
√of discriminant −D < 0 ; for plication is to construct more secure cryptographic
such Q, τQ = (−b + −D)/(2a). This polynomial
protocols based on hyperelliptic curves of genus two.
has logarithmic height that can be approximated by :
Even if nobody has found a concrete attack against
X
√
1
curves with small class numbers, it it desirable to be
π D
A
able to build curves with as large a class number as
[A,B,C]∈Cl(−D)
possible. This has at least the effect of enlarging the
√
2
set of candidates.
= O( D(log h) ) = Õ(h),
Another problem was raised by our work : a corwhere h is the class number and also the degree of the
rect definition of Igusa class polynomials in terms of
extension KH /K.
exactly describing the CM variety associated to this
In practice, even small values of −D yield huge
polynomial system. We gave a full solution to the procoefficients. Since Weber, the modular function j can
blem, see [38] and [28].
be replaced with so-called class invariants that generate the same field, but with much smaller minimal
The second scientific achievement is the fundapolynomials. All the theory needed to find class in- mental work of R. Dupont, which appears in [35, 9].
variants is now based on Shimura’s reciprocity law, a To understand the impact of his results, we have to
nice version of it being given by Schertz. We dispose mention that the real bottleneck of the CM method
of a lot of possible invariants for a given −D and we is the floating-point computation of special numbers,
explained in [48] how to select the “smallest one”.
which are the equivalent of Siegel’s singular values
To handle gigantic floating point numbers with up in genus two, namely the j-invariants of hyperellipto several hundreds of thousands of bits, optimised tic curves of genus two having complex multiplicalibraries need to be used. Together with P. Zimmer- tion by the ring of integers of a special quartic CM
mann, A. Enge has written such a library for com- field. In genus 1, the famous Arithmetic-Geometricplex numbers, MPC [41], on top of MPFR. The library Mean (AGM) of Gauss can be used to compute the
works at arbitrary precision and provides a precise se- j-invariant of an elliptic curve. R. Dupont showed
mantics for rounding so that the result does not de- how to replace the AGM by sequences ruled by the
pend on the platform. It is freely available under the Borchardt mean. He studied the action of the moduLGPL.
lar groups on theta constants in genus two and com53
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pletely described modular equations ruling the theta
constants. We have to notice that those formulæ are
fundamental as they provide the foundations of the
very efficient machinery of theta functions. R. Dupont studied several applications for his algorithms.
The first one is the evaluation of theta constants in genus two, which leads to computing class polynomials
and modular polynomials. He was the first to compute
the modular polynomial for p = 2 and p = 3 in genus
two10 . A second application is evaluating holonomic
functions and the final one is evaluating Riemann matrices of hyperelliptic curves of genus two or higher.
The third contribution is due to T. Houtmann on
the classical CM method for genus two. He traced
back the foundations of the CM method and designed a new approach pursuing A.-M. Spallek’s and
A. Weng’s works. He divided the method into fundamental steps, which appeared to be much closer
to Shimura’s original results. He founded some algorithmic notions useful to understand how far the efficiency of the method could be pushed. He collaborated with R. Dupont to develop software for the analytic phase of the method where theta constants in genus
two have to be computed. As a result, he obtained the
most efficient and most general CM method for genus
two and was able to compute Igusa class polynomials
of a size previously beyond reach. The original limitations of A.-M. Spallek’s, A. Weng’s and P. van Wamelen’s versions were taken away. He recollected mathematical facts and designed a new and more general representation of quartic CM fields and worked on
the construction phase of hyperelliptic curves of genus two suitable for cryptography, i. e., the generation
of models of curves starting with precomputed Igusa
class polynomials. Here he pursued and generalised
A.-M. Spallek’s and A. Weng’s work. He solved several open problems posed by A. Weng. Publications
for those results are in preparation. In the same way
the software he developed will be available in the near
future.

Identity cards of elliptic curves
One of the main goals of the TANC project is to
determine the identity card of an elliptic curve, that
collects and certifies properties of potential relevance
for its cryptographic security. These include the cardinality (already discussed) and the endomorphism ring
10

(see paragraph on complex multiplication, that permits to construct a curve with a given endomorphism
ring).
For a random curve, the class group of its endomorphism ring, an order in an imaginary quadratic number field, is of interest ; some cryptographic
standards, for instance, prescribe a minimum size of
this class group [44]. G. Guerpillon, master student of
A. Enge’s, has implemented and optimised a subexponential algorithm for computing these class groups.
The currently undertaken parallelisation of his implementation should enable us to reach a new record for
this kind of computation. One of the main ingredients,
the Hermite normal form computation of an integral
matrix, has been reused by J.-F. Biasse in the context
of discrete logarithms on Ca,b curves, see Section .
The subexponential algorithm returns the group
as a product of cyclic groups with their generators.
For the case when all elements need to be explicitly
enumerated, A. Enge has developed quasi-linear algorithms in [39].

A topic not listed yet : cryptographic protocols, networks
In this section, we describe some of the exploratory directions we underwent in the last years, before
coming back to our basis. We tried to approach some
other parts of cryptography and applications relying
on properties of elliptic curves. This is the reason why
we hired two postdoctoral students, namely J. Herranz
and F. Laguillaumie.
ID based cryptography : This was actually our
first incursion into the protocol world. Everybody
knows that the most difficult problem in modern cryptography, and more precisely its would-be widespread
use, is the key authentication problem, or more generally that of authenticating principals on an open
network. The “classical” approach to this problem is
that of a public key infrastructure (PKI), in which
some centralised or distributed authority issues certificates for authenticating the different users. Another approach, less publicised, is that of identity based cryptography (ID), in which the public key of a
user can be built very easily from his email address
for instance. The cryptographic burden is then put on
the shoulders of the private key generator (PKG) that

available at http://www.lix.polytechnique.fr/Labo/Regis.Dupont/MODPOL_2.tar.gz
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must be contacted by the users privately to get their
secret keys and open their emails. The ID approach
can be substituted to the PKI approach in some cases,
where some form of ideal trustable PKG exists (private networks, etc.).
This ID idea is not new, but no efficient and robust protocol was known prior to the ideas of Boneh
et al. using pairings on elliptic curves. R. Dupont and
A. Enge have worked on such an ID-system. They
have defined a notion of security for such a protocol
and have given a proof of security of a generalisation
of a system of Sakai, Ohgishi and Kasahara’s in this
model [10].
CM is the only way of obtaining secure ordinary
elliptic curves suitable for such pairing-based systems. Our experience in the field has enabled us to be
among the first to propose CM constructions in this
context [5].
Following these first excursions into the protocol
world, A. Enge has co-supervised B. Libert’s PhD
thesis, which led to a six months visit in our team.
B. Libert’s thesis [56] makes important contributions
to the topic of ID based cryptography using bilinear
pairings on algebraic curves. Among others, it suggests faster variants of the Boneh–Franklin encryption scheme and presents the fastest identity based signcryption scheme on the market. After his visit, he
stayed in contact with our team and worked with our
postdoc F. Laguillaumie on signature schemes with
special properties [31], see below.
Aggregate signatures : a current area of research
is related to the aggregation of different signatures on
different messages. In many applications, it is desirable to be able to transform many signatures on different messages into a single signature, in such a way
that the length of this (aggregate) signature is much
less than the total length of the initial signatures. A
recipient should be able to verify the correctness of
all the initial signatures by using only the list of messages and the aggregate signature, ideally with less
computational efforts than in the case where he has to
verify all the signatures one by one.
For traditional PKI-based signature schemes,
some efficient proposals of aggregate signature
schemes have been proposed [50, 52]. In particular,
in [50], the length of the resulting aggregate signature is constant, independent of the number of messages and the number of signers. This proposal uses

bilinear pairings as a tool. Using RSA techniques, the
obtained aggregate signatures have a length which is
independent of the number of messages, but still linear with respect to the number of signers.
In the scenario of identity-based signatures, none
of the existing signature schemes allows an efficient
aggregation of signatures, in the sense that resulting
aggregate signatures have a length which is always linear with respect to the number of messages. To partially solve this problem, J. Herranz has proposed in
[12] a new identity-based signature scheme, which allows to obtain an aggregate signature whose length
is independent of the number of messages, but linear
with respect to the number of signers. In situations
where one wants to aggregate many signatures coming from a small set of signers (even a unique signer) the length of the resulting signatures is simply
constant.
Special (short) signatures : To achieve specific properties desired in real-world applications of
cryptography, variants of the classical digital signatures have been designed. Undeniable signatures
and confirmer signatures are examples of such variants. Directed signatures differ from the well-known
confirmer signatures in that the signer has the simultaneous abilities to confirm, deny and individually
convert a signature. The universal conversion of these
signatures has remained an open problem since their
introduction in 1993. F. Laguillaumie, in collaboration with P. Paillier (Gemplus) and D. Vergnaud
(Univ. Caen) provides in the Asiacrypt’05 paper "Universally Convertible Directed Signatures" [24] a positive answer to this quest by showing a very efficient
design for universally convertible directed signatures,
both in terms of computational complexity and signature size. The construction relies on the so-called xyztrick, previously introduced by F. Laguillaumie and
D. Vergnaud, applicable to bilinear map groups.
F. Laguillaumie, in collaboration with D. Vergnaud, also introduced a new undeniable signature
scheme which is existentially unforgeable and anonymous under chosen message attacks in the standard model [53]. The scheme is an embedding of Boneh and Boyen’s recent short signature scheme into a
group where the decisional Diffie-Hellman problem is
assumed to be difficult. The anonymity of the scheme
relies on a decisional variant of the strong DiffieHellman assumption, while its unforgeability relies
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on the strong Diffie-Hellman assumption.
In collaboration with B. Libert and J.-J. Quisquater [31], F. Laguillaumie designed two fairly efficient universal designated verifier signature (UDVS)
schemes which are secure (in terms of unforgeability
and anonymity) in the standard model (i.e. without
random oracles). Their security relies on algorithmic
assumptions which are much more classical than assumptions involved in the two only known UDVS
schemes in standard model to date. The latter schemes
rely on the Strong Diffie-Hellman assumption and
the strange-looking knowledge of exponent assumption (KEA). The proposed schemes are also the first
random oracle-free constructions with the anonymity
property.
Finally, J. Herranz and F. Laguillaumie proposed
in [30] a blind ring signature scheme based on pairings on algebraic curves. They formally prove the
security (anonymity, blindness and unforgeability) of
their scheme in the random oracle model, under quite
standard assumptions. Blind ring signatures are useful, for instance, to design secure e-cash systems involving several banks.
Security in ad’hoc networks : F. Morain and
D. Augot (CODES) participate in the ACI SERAC
(SEcuRity models and protocols for Ad-hoC Networks), which started in September 2004. Their interest there is to understand the (new ?) cryptographic
needs and to try to invent new trust models.
It is clear that the recent arrival of H IPERCOM
(also a member of SERAC) at École polytechnique
triggers new collaborations in that direction.
A collaboration between TANC (J. Herranz, F.
Laguillaumie) and CODES (R. Bhaskar) via the SERAC project of the ACI S&I has led to [26].
Achieving secure routing in ad-hoc networks is
a big challenge. The typical way to prevent or reduce the possible attacks is to use mechanisms to authenticate the origin of all messages. Standard (asymmetric) signature schemes provide these mechanisms,
but may result in inefficient implementations, especially when many nodes (and thus many signatures)
are expected.
Some of these efficiency problems can be reduced by using aggregate signatures, which improve the
length and the cost of managing many different signatures. In this article, they propose a new concept, ag11

gregate designated verifier signature schemes, which
can be implemented in a more efficient way than
standard aggregate signatures (for example by using
MACs). Such schemes can be sufficient to authenticate the establishment of routes in reactive protocols.
Formal definitions for the new primitive and the required security properties are given. Moreover a specific
and efficient scheme is proposed which uses MACs,
and is proven secure in the random oracle model.
The article [13] is an extension of [26] : they especially add the ID-based feature.
Together with H IPERCOM, we have recently proposed to Digiteo an OMT11 named CryptoNet. The
aim of Cryptonet is to study how elliptic curves over
finite fields can be used to provide security mechanisms for ad’hoc networks. The main interest of elliptic curves in that setting is the low cost and (a priori)
low bandwith required for a given level of security, as
compared to traditional finite field based systems. The
proposal has been accepted, allowing to hire an engineer who will implement our encryption techniques in
a network simulator.

Algebraic geometry codes : Daniel Augot is studying the decoding of error correcting codes based on
algebraic curves (algebraic geometry codes). These
codes are a successful generalization of the ReedSolomon codes, because they provide good error correction capacities. The main drawback of these codes
is that the known decoding algorithms of these codes
have a too large complexity, that is to say, higher than
quadratic in terms of the length of the code. ProjectTeam TANC has successfully used techniques and advanced algorithms from computer algebra to obtain
fast algorithms in the domain of cryptography. Daniel Augot wants to build upon this knowledge to get
efficient decoding algorithms of algebraic geometry
codes. The first step is to efficiently decode Hermitian codes, whose decoding complexity is currently
in O(n7/3 ). These codes are indeed the most understood of AG codes, and they are also good candidates
for using the Guruswami-Sudan principles for listdecoding.

Opération de Maturation Technologique
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Software, patents and contracts
Software
ECPP

tion, various flavours of the FFT and division with remainder by Newton iterations. Special algorithms of
symbolic computation such as fast multievaluation are
also available.
Publishing mpfrcx is part of an ongoing effort
to make A. Enge’s programme for building elliptic
curves with complex multiplication available. This
programme is a very important building block for
cryptographic purposes as well as for primality proving (fastECPP).

F. Morain has been continuously improving his
primality proving algorithm called ECPP, originally
developed in the early ’90. Binaries for version 6.4.5
are available since 2001 on his web page12 . Proving
the primality of a 512 bit number requires less than
a second on a GHz PC. His personal record is about
20, 000 decimal digits, with the fast version he started Industrial Contracts
developing in 2003.
– Title : Gemplus ; Period : 2002–2004 ; Type :
accompanying contract for E. Brier’s thesis.
mpc
The mpc library, developed in C by A. Enge in
collaboration with P. Zimmermann, implements the Teaching, dissemination and service
basic operations on complex numbers in arbitrary preTeaching
cision, which can be tuned to the bit. This library is
based on the multiprecision libraries gmp and mpfr. F. Morain : 192 hours at École polytechnique at vaEach operation has a precise semantics, in such a way
rious levels from L123 to M1. He is also vicethat the results do not depend on the underlying arhead of the DIX (Computer Science Departchitecture. Several rounding modes are available. This
ment) and reprensents École polytechnique in
software, licensed under the GNU Lesser General Puthe Commission des études of the MPRI (Masblic License (LGPL), can be downloaded freely from
ter Parisien de Recherches en Informatique).
the URL http://www.lix.polytechnique. A. Enge : 96 hours per year at École polytechnique,
fr/Labo/Andreas.Enge/Software.html.
teaching computer science at all levels.
The latest version 0.4.6 has been released in SepA doctorate level course of 9 hours on algebraic
tember 2007. The library currently benefits from an
curve cryptography at the Université Bordeaux
Opération de développement logiciel of INRIA.
I in 2004.
The mpc library is used in our team to build
Participation in various summer schools on
curves with complex multiplication and to compute
algebraic curves and cryptography : Bedmodular polynomials (cf. Section ), and it is de facto
lewo, Poland, 2003 ; Bochum, Germany, 2004 ;
incorporated in the ECPP program.
Montpellier 2005.
A multimedia lecture on selected topics in crypmpfrcx
tography at École polytechnique in 2004, since
then available at the site of ParisTech.
The mpfrcx library is developed in C by A. Enge
to implement the arithmetic of univariate polynomials T. Houtmann : 64 hours as moniteur at École polywith floating point coefficients of arbitrary precision,
technique.
be they real (mpfr) or complex (mpc). The first version 0.1, published in October 2007 and available at
Dissemination
http://www.lix.polytechnique.fr/
Labo/Andreas.Enge/Software.html,
– In 2005, A. Enge has taken part in the INRIA
booth during the “Salon des jeux et de la culture
contains the functionality needed for the aumathématiques” in Paris with a presentation of
thor’s complex multiplication programme. Advanced
public key cryptography aimed at a general puasymptotically fast algorithms have been implemenblic.
ted, such as Karatsuba and Toom–Cook multiplica12

http://www.lix.polytechnique.fr/Labo/Francois.Morain
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– In 2005, A. Enge and R. Dupont have presented Conference and seminar invitations
INRIA at the Forum des métiers scientifiques
A. Enge has been an invited speaker at Moraviaat École polytechnique. During the welcoming
seminar of INRIA, A. Enge has given an over- crypt ’05 — The 5th Central European Conference on
Cryptography at Brno, Czech Republic.
view of the TANC project.
He has presented his work at the seminars of the
SPACES project at Nancy, of the Algebra and NumService
ber Theory group at the TU-Berlin and of the Crypto
group at Université Catholique de Louvain. He has
A. Enge is a member of the International Rela- spent one week in December with the Algebra and
tions Working Group (GTRI) at the Scientific and Number Theory group in Berlin. A. Enge has been inTechnological Orientation Council (COST) of IN- vited to give a talk entitled “An L(1/3) algorithm for
RIA. As such, he has participated in selection of post- the discrete logarithm problem in low degree curves”
doc positions for the European ERCIM consortium at Elliptic Curve Cryptography ECC 2006 in Toronto.
and in the selection of international Associated teams. He has presented his results at the Journées Nationales
de Calcul Formel 2005 at Luminy, the Second Irsee
Conference on Finite Geometries 2006 and the Ecrypt
Visibility
workshop “Curves, isogenies and cryptologic applications” at École polytechnique. He has given seminar
National scientific cooperations
talks at the Technische Universität Berlin and the universities of Caen, Leiden and Limoges. A. Enge has
– ACI SÉCURITÉ CESAM : elliptic curves for
been invited as a plenary lecturer to ACISP 2007 –
the security of mobile networks.
12th Australasian Conference on Information Secu– ACI SÉCURITÉ SERAC : SEcuRity models
rity and Privacy at Townsville, Australia, with a talk
and protocols for Ad-hoC networks.
entitled "Constructing cryptographic curves" ; and to
– ANR Cado (2006–) : two meetings (18Fq8 – 8th International Conference on Finite Fields
19/01/07 in Nancy for the kickoff and 21and Applications at Melbourne, speaking on "The dis21/06/07 in Paris).
crete logarithm problem for algebraic curves". [32]
has been presented at Eurocrypt 2007 in Barcelona by
A. Enge ; it has been elected as one of the three best
International scientific cooperations
papers of the conference by the programme commit– Together with the CODES project at INRIA tee. A. Enge has given two lectures on “Constructing
Rocquencourt, the project TANC participates elliptic curves by complex multiplication” and “Suin ECRYPT, a NoE in the Information Society bexponential discrete logarithm algorithms for finite
Technologies theme of the 6th European Fra- fields” at the ICE-EM RNSA Workshop on Pairing
mework Programme (FP6).
Based Cryptography, Brisbane, Australia.
– 2005–2006 : PAI "Procope" with the group "AlF. Morain : Barcelona 28-29/10. Winter school
gebra and Number Theory" of the TU-Berlin CIMPA in Bangalore. SHARCS (Paris, 24-25/02),
(Florian Heß).
Eurocrypt’05 (Aarhus, 23-26/05/05) ; visited Univer– The TANC project is involved in the associa- sity of Calgary (“The end of primality”) and workted team ECHECS (“Extreme Computing for shop in Banff (“SEA++”), November 2005. F. Mo(Hyper-)Elliptic Cryptographic Systems”) with rain : Calgary (his talk : The end of primality ?) /Banff
É. Schost of University of Western Ontario, 2005-11-03 till 2005-11-10 (invited to a workshop,
London, continuing a long-standing collabora- spoke about SEA++) ; in Séminaire Algo (29/05), he
tion. Our joint work is concerned with using spoke about fast isogeny computations. He attended
advanced algorithms of symbolic computation ANTS-VII in Berlin (July 23–29). F. Morain has been
(speciality of the Canadian team) in the context invited as a plenary lecturer to the “Workshop on
of elliptic and hyperelliptic curve cryptography Computational challenges arising in algorithmic num(speciality of TANC), in particular for the ins- ber theory and Cryptography”, October 30- Novemtantiation of secure cryptosystems.
ber 3, 2006, in the Fields Institute in Toronto (Ca58
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nada). There he presented [33].
N. Gürel has given talks in Limoges (March), Paris 6 (April), ENSTA (October), Rennes (November)
and Versailles (December).
Javier Herranz attended Crypto’05 (August 1418, 2005, Sta. Barbara, California, USA) and the 2nd
OLSR Interop & Workshop (July 28-29, 2005, Palaiseau, France, together with F. Morain. A. Enge and
T. Houtmann). He spent one week (October 1st-7th,
2005) at Radboud University, invited by the Security
of Systems group of that university, in Nijmegen (The
Netherlands). There he has given a seminar (October
5th, 2005), entitled ’Aggregate Signatures’. J. Herranz attended the ’Journées de Sécurité INRIA’, in
Grenoble (France), December 12-14, 2005. He gave
there the talk ’Cryptography and routing protocols’.
F. Laguillaumie attended Asiacrypt’05 (December 4–8, Chennai - India) and Indocrypt’05 (December 10–12, Bangalore - India). During Asiacrypt’05,
F. Laguillaumie also participates to a meeting between indian and french experts to organize some possible collaborations. F. Laguillaumie attended - Information Security ISC 2006 - Samos (Greece) - August
30 - September 2, 2006. He gave talks in Limoges,
ENSTA, IRMAR/CELAR, Versailles St-Quentin-enYvelines.
R. Dupont attended “Journées Codage et Cryptographie” (Aussois), Februrary 4, 2005 and presented
Évaluation rapide de formes modulaires via l’AGM ;
Number theory seminar, Technische Universität Berlin (Germany), February 9, 2005 : Borchardt’s mean,
theta constants and applications to the evaluation
of Riemann matrices and modular forms ; Séminaire
SPACES (LORIA, Nancy), March 3, 2005 : Theta
constantes et moyenne de Borchardt, applications ;
Séminaire ALGO (INRIA Rocquencourt), November
7, 2005 : AGM, theta constantes et applications ; Journées Nationales de Calcul Formel (CIRM, Luminy),
November 25, 2005 : Évaluation rapide de fonctions
modulaires via l’AGM. R. Dupont has given a talk on
“AGM et évaluation rapide de fonctions modulaires”
at the Séminaires CF et CAA at Limoges. He attended
Indocrypt’06 in Calcutta.
T. Houtmann has given talks in Aussois (Journées
Codes et Cryptographie 2005), in Caen (April 2005).
He attended Eurocrypt’05 in Aarhus, CAEN’05 and
XV I-ièmes rencontres arithmétiques de Caen. He attended FICS summer school on elliptic curve cryptography in Copenhagen, ECC2005 in Copenhagen too.

He visited the KANT group in Berlin (5-9/12/2005).
T. Houtmann has given a talk in Eymoutiers (Journées «Codes et Cryptographie» 2006). He presented
joint work with P. Gaudry, D. Kohel, C. Ritzenthaler and A. Weng in Shanghai (Asiacrypt’06). He was
invited to Sydney. He attended ANTS-VII in Berlin, ECC2006 in Toronto, a workshop on computational aspects arising in algorithmic number theory
and cryptography in Toronto and Indocrypt’06 in Calcutta.
J. Milan attended the GForge seminar at INRIA
Futurs on 2006-02-09.

Conference organisation
– A. Enge and F. Morain organized a one-day
workshop on isogenies in July 2006 at LIX.

Program committees
– F. Morain has been a member of the programme
committee of Indocrypt 2005, held in Bangalore, India, in December. F. Morain was in the
program committee of ANTS-VII, held in Berlin, July 2006.
– A. Enge has co-organised the Journées Nationales du Calcul Formel 2005 from November 21 to 25 at Luminy. A. Enge took part
in the programme committees of Pairing 2007
– First International Conference on PairingBased Cryptography in Tokio and WCC 2007
– International Workshop on Coding and Cryptography in Versailles. He acted on the scientific advisary board of the Journées Nationales
de Calcul Formel 2007 at Luminy.
– J. Herranz was in the committee of the Workshop ACIS’06 : Applied Cryptography and Information Security (in conjuction with ICCSA’06), May 8-11, 2006, Glasgow, UK.
– F. Laguillaumie participated in the program
committee of the Workshop on Collaboration and Security (COLSEC’06), held at The
2006 International Symposium on Collaborative Technologies and Systems (CTS’06).
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– A. Enge is editor of “Designs, Codes and Cryptography”. He has co-edited the special issue
“Algorithmic Number Theory and Its Applica-
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tions” of the Japan Journal of Industrial and
Applied Mathematics.

[6] E NGE , A., AND S CHERTZ , R. Modular curves
of composite level. Acta Arith. 118, 2 (2005),
129–141.

Awards

[7] G AUDRY, P., AND S CHOST, É. Modular equations for hyperelliptic curves. Math. Comp. 74
(2005), 429–454.

– A. Enge has been awarded a 2004 Kirkman
Medal of the Institute for Combinatorics and
its Applications. The medal recognises outstan- [8] G ÜREL , N. Extracting bits from coordinates of
a point of an elliptic curve. Preprint, http:
ding work by ICA members in their early re//eprint.iacr.org/2005/324, 2005.
search careers.
– F. Morain was dubbed “Chevalier des Palmes
Académiques” on January 19, 2006.
2006
[9] D UPONT, R. Fast evaluation of modular functions using Newton iterations and the AGM.
Math. Comp. XXX (2006). To appear.
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13

Team members

– Florent B RUNEAU, École Polytechnique,
spring 2006
– Juan Antonio Cordero F UERTES, Technical
University of Catalonia UPC (Spain), Masters
Thesis, 2006
– Alexandru D RAGUSIN, Cornell University, undergraduate internship, 2007
– Ulrich H ERDEBERG, TU München, Master
Thesis, from September 2006 to June 2007
– Andreas S CHONHAUG, NTU, Norway, Masters
Thesis, 2007
– Hiep Hoang V U, École Polytechnique, spring
2007

Team leader
Philippe JACQUET

Permanent members
– Thomas C LAUSEN, Maître de Conférence à
l’École Polytechnique
– Emmanuel BACCELLI, Chargé de Recherche
INRIA, since October 2006
– Philippe JACQUET, Directeur de Recherche INRIA.

Phds

Guests

– Emmanuel BACCELLI, bourse CIFRE, until
Research domain
February 2006 ;
– Song Yean C HO, bourse Egide-INRIA, since
Hipercom project-team aims to design, evaluate
September 2005
– Georgios RODOLAKIS, bourse INRIA, until and optimize the telecommunication algorithms. The
aimed areas are protocols, new telecommunication
June 2007
standards and quality of service management in networks. The aimed activity fields are centered around
Interns
the new networks and services supporting internet.
– Frederic G ALANO, École Polytechnique, Although we address the whole spectrum of telecommunication domain, practically the Hipercom project
spring 2005
– Julien G ARNIER, École Polytechnique, spring team is specialized in local area networking, local
2005
loops, in particular mobile ad hoc networking. Howe– Guillaume BANDET, École Polytechnique, ver the thematic extends to the information theory and
spring 2006
modelization of internet graph and traffics.
13
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Goals

in order to avoid tracking failure. We showed that an
overhead reduction within square root of the network
The goals of HIPERCOM are :
size achieve this goal.
– Evaluation of performance and limits of masAn alternative way to overhead reduction is ad
sive mobile dense wireless networks
hoc hierarchical routing and Distributed Hashing
– Standardisation of OLSR protocol, design of Table. Work has just begun in this area.
related new services and protocols
– Design of wireless and wired backbone convergence
Intermittent and delay tolerant networks We
consider the problem of routing in these networks,
with the sole assumption that the speed of the node
Results
mobility is less than the speed of transmitting a packet
to a neighbour. We compare this problem with sound
Massive mobile dense wireless networks
propagation in liquid. We show that various pattern
Scaling and spatial capacity in non uniform wire- of mobility and network clustering can be described
less networks We found a more precise instance of by a single parameter such as the information speed
Gupta- Kumar result by using a simple but realistic propagation.
network model based on slotted ALOHA with PoisWe introduce new algorithms that route a packet
son traffic. It turns out that when the traffic density toward a remote destination. The different algorithms
increases then the average node neighborhood area vary depending on the buffering and the capacity cashrinks so that the average encircled traffic load re- pabilities of the network (i.e. if one or more copies
mains constant with an analytical expression..
of a packet can be sent and/or be kept). All algorithms
In their original model Gupta and Kumar assume are based on link aging rumors across connected comthat the traffic density is constant, which is far from ponents. The packet bounces from connected comporealistic. However we have derived similar generali- nents to connected components, thanks to node mozed results when the traffic density is not uniform. bility. We establish several analytical properties using
In this case, the heavier is the local traffic, the smal- an analogy with the sound propagation in liquid where
ler are the local neighborhood and the larger is the molecules creates temporary connected components
number of hops needed to cross the congested region. where sounds travel very fast.
Therefore the shortest paths (in hop number as computed by OLSR) will have a natural tendancy to avoid
New services and protocols
congested areas. The path tend to follow trajectory
that have analogy in non linear optic with variable Optimized Link State Routing (OLSR) The rouindices.
ting protocol OLSR is universally known in the mobile wireless community (more than 475,000 hits on
Google). It has numerous implementations and is used
Overhead reduction in large networks The first li- in many wireless networks. It is a proactive protomitation of multihop wireless network is the size of col with full internet legacy which is based on parthe overhead per node that increases linearly with the tial topology information exchange, that non the less
size of the network. This is a huge improvement com- provide optimal path with additive metrics (such as
pared to classic internet protocols which have quadra- BGP/OSPF). It is an experimental RFC within IETF
tic overhead increases. Nevertheless this still limits and soon will become a full standard under the name
the network size to some thousands. We have analy- OLSRv2.
zed the performance of OLSR with Fisheye feature
that significantly reduce the overhead with respect to
distance. In theory the overhead reduction allows to
network size of several order of magnitude. Anyhow
the tuning of the overhead attenuation with distance
must be carefully done when the network is mobile,

Routing based on packet delay distribution in multihop ad hoc network Since propagation delays
between routers are negligible, most delays occur
in queueing and medium access control processing.
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Contrary to previous common belief there is no need
of network synchronization. The objective is to proactively determine the delay in absence of packet data
traffic. The estimate of delay distribution is done via
analytical method. In order to keep control on quality
of service flows we use source routing forwarding options.

Multicast services in mobile ad hoc networks We
have designed the Multicast extension for the Optimized Link State Routing protocol (MOLSR). MOLSR
is in charge of building a multicast structure in order to route multicast traffic in an ad-hoc network.
MOLSR is based on natural radio broadcast. This
multicast protocol has also been implemented on the
MANET/OLSR demonstrator of CELAR (MoD). A
new version of the multicast protocol called MOST
uses unicast traffic.
We have derived a theoretical upper bound of the
multicast capacity in wireless network. This result is
an extension of Gupta and Kumar result about unicast capacity in wireless network. It is shown that the
multicast delivery allows an increase of capacity of
the order of the square root of the size of the multicast group compared to the attainable capacity if only
parallel unicast connections were used. We have also
shown that the protocol MOST actually attains this
upper bound.

unique address from a neighbor node. Then, with that
locally unique address and using the neighbor from
which the address was acquired as proxy, obtaining a
globally unique address.

0.1

Integration wireless and backbone

Optimized Database exchange and check The
problem of unreliable broadcast and less frequent update is that a missing routing information information
can lead to lasting problems (loops, disconnections).
We have specified an integrity check of distributed databases. We have replaced the heavy check done in
wired world that exchanges database headers line by
line by a collective check based on signature broadcast and exchange. That way the routing database are
synchronized more quickly and discrepant part identified with a logarithmic cost instead of a cost linear
to the database size.

OSPF-MPR The INRIA proposal is based on
OLSR, in particular the optimization feature called
MultiPoint Relay. The overhead reduction is similarly
based on flooding reduction, and topology reduction.
In particular OSPF-MPR supports optimized routing
based on general additive metrics as in OSPF and
adapt its topology reduction to those metrics. Compared to OLSR, OSPF-MPR has a feature called adjacency reduction inherited from OSPF, using broadcasted acknowledgement that enhances routing database
synchronization. This feature is also optimized with
Network coding We have just started the work in MPR.
this area. We have proven optimality of network coding in 1D and 2D dense network and have designed Gateway OSPF/OLSR The MANET extension
a practical protocol, DRAGONCAST, that fits these protocols being largely experimental, we have deproperties.
velopped a software that enable a gateway between
OSPF and OLSR and allows the convergence of both
protocols on existing software. This software has been
Autoconfiguration Thomas Clausen is co-chair of implemented on the MANET/OLSR demonstrator of
the IETF working group Autoconfiguration in MA- CELAR (MoD).
NET.
A preconditioning for all routing protocols, OLSR
Software, pattents and contracts
included, is that each node is identifiable through an
unique identifier We have developed, and published, a
Software
simple auto-configuration mechanism for OLSR net– OLSR : wireless routing protocol, several verworks, aiming a solving the simple but common prosions, including QoS ;
blem of one or more nodes emerging in an existing
– MOLSR : multicast wireless routing protocol
network. Our solution is simple, allowing nodes to acbuilding a tree-structure ;
quire an address in two steps : first, acquiring a locally
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Our times are characterized by the massive presence of highly distributed and mobile systems
consisting of diverse and specialized devices, forming
heterogeneous networks, and providing different services and applications. The resulting computational
systems are usually referred to as Ubiquitous Computing, (see, e.g., the UK Grand Challenge initiative
under the name Sciences for Global Ubiquitous Computing [71]).
The genesis and subsequent development of these
systems comprised a complex series of impressive engineering efforts, but the results does not always exhibit a satisfactory level of robustness, reliability, security and integration. The key to these shortcomings
lies in the lack of underlying principles and science
behind the engineering activities in this domain. This
situation contrasts sharply with other fields of engineering, where impressive mathematical and physical
modeling tools are scrupulously used.
What kind of science would be suitable for Ubiquitous Computing ? We envisage it in two principal
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modes : modeling and design. Modeling is the bedrock upon which most sciences are founded : we understand actual systems by constructing models which
provide predictive behavioral analyses. In our case,
models will range from abstract mathematical structures representing distributed networks and protocols
to more concrete syntactic models of specification and
programming formalisms.

example of this situation is the number of the
requests that are received by a web server during various times of the day.) Third, reality can
sometimes be to complicated to be represented
and analyzed in detail ; probabilistic and stochastic models offer then a convenient abstraction mechanism.
– Specification and verification of mobile distributed systems, in particular security protocols.
Typically specification and verification consists
of developing formalisms and reasoning techniques (and tools to support these) to specify
systems and properties and to guarantee that the
intended properties are indeed satisfied. In our
particular case, the challenges are (a) to find
suitably expressive formalisms which capture
essential new features such as mobility, presence of uncertain information, and potentially
hostile environment, (b) to build suitably representative models in which to interpret these formalisms, and (c) to design efficient tools to perform the verification in presence of these new
features.
– One formalism in which we are particularly
focusing our efforts is the probabilistic asynchronous π-calculus, a probabilistic variant of
the asynchronous π-calculus, that is a formalism designed for mobile and distributed computation [68, 66, 67]. A characteristic of our
calculus is the presence of both probabilistic
and nondeterministic aspects. This combination is essential to represent probabilistic algorithms and protocols and express their properties in presence of unpredictable (nondeterministic) users and adversaries.

Design is the transition process from models to
applications : as in all experimental sciences, we need
feedback from the applications to validate the models, improve their usability, and increase our confidence in the objects we build through them. Notably,
in computer science the feedback from applications
is rarely as concrete and immediate as in the physical sciences, where a measurement is sufficient to disprove a theory. That is the reason why we envisage the
development of a science for Ubiquitous Computing
to be an inextricable mix of modeling and design.
The contribution of Comète to the development
of a science for Ubiquitous Computing focuses on the
following topics :
– The study of models and formalisms for
concurrency from the point of view of their expressive power : Development of criteria to assess the expressive power of a model or formalism in a distributed setting, comparison between existing models and formalisms, and definition of new ones according to an intended level of expressiveness. It is to be remarked that
there is often a trade off between expressivity
and (efficient) implementability ; in our study
we pay particular attention to this latter aspect
as well.
– The study of fault-tolerant systems for mobile
networks, as well for message-passing systems
as for shared-memory systems. Handling such
complex environments is an imperative requirement for numerous distributed applications.
– The probabilistic aspects of systems and protocols. The need for copying with probabilities
can arise for various reasons : First, algorithms
for distributed computing and security protocols sometimes use randomization. Second, the
modeling of the physical world often requires
to cope with uncertain and approximate information, which one can refine by statistical measurements, and which can then be naturally represented using a probabilistic formalism. (An
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The main objectives of Comète are the following :
1. Investigation of models and formalisms for
concurrency from the point of view of their expressive power.
2. Investigation of new computational models for
fault-tolerant distributed systems.
3. Formalization of probabilistic aspects of systems and protocols.
4. Specification and verification of security protocols.
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Results

non atomicity of the sequences of steps which are necessary in the asynchronous π-calculus to mimic synInvestigation of models and formalisms for chronous communication, and (b) testing semantics’s
concurrency from the point of view of their ex- sensitivity to divergence.

pressive power
Infinite Behavior and Name Scoping in Process
Calculi In literature there are several process calculi differing in the constructs for the specification of
infinite behavior and in the scoping rules for channel
names. In [19] we have studied various representatives of these calculi based upon both their relative
expressiveness and the decidability of divergence. We
regard any two calculi as being equally expressive if
and only if for every process in each calculus, there
exists a weakly bisimilar process in the other. By providing weak bisimilarity preserving mappings among
the various variants, we showed that in the context of
relabeling-free and finite summation calculi : (1) CCS
with parameterless (or constant) definitions is equally
expressive to the variant with parametric definitions.
(2) The CCS variant with replication is equally expressive to that with recursive expressions and static
scoping. From (1) and the well-known fact that parametric definitions can replace injective relabellings,
we showed that injective relabellings are redundant in
CCS.
In [59, 26] we have surveyed various definitions
of scope and infinite behavior proposed in literature,
and we have pointed out their impact in the expressive
power of concurrent formalisms.
More recently in [40] we proved that the CCS variant with replication mentioned above can faithfully
(deterministically) encode regular languages but not
context-free ones. We also proved that the languages
generated by the processes of this variant are contextsensitive.
Synchronous vs Asynchronous Communication
One of the early results about the asynchronous πcalculus which significantly contributed to its popularity is the capability of encoding the output prefix
of the (choiceless) π-calculus in a natural and elegant way. Encodings of this kind were proposed by
Honda and Tokoro, by Boudol, and by Nestmann. In
[27, 11], we have investigated whether the above encodings preserve De Nicola and Hennessy’s testing
semantics. It turns out that, under some general conditions, no encoding of output prefix is able to preserve
the must testing. This negative result is due to (a) the

Linearity vs Persistence In [36] and more recently
in [43] we have compared the expressive power of linear and persistent communication in the context of
weak bisimilarity. We have consider four fragments
of the π-calculus, corresponding to combinations of
linearity/persistence also present in other frameworks
such as Concurrent Constraint Programming and several calculi for security. The study is presented by
providing (or proving the non-existence of) encodings
among the fragments, a processes-as-formulae interpretation and a reduction from Minsky machines.
Distributed Agreement In [25] we have systematized a collection of results on the expressiveness of
process calculi obtained by the means of impossibility results in the field of distributed computing. In
particular, we have focused on the symmetric leader
election problem which allows to classify languages
based on their capability of achieving a distributed
agreement.
Fairness In [44] we have defined fair computations
in the π-calculus. We have followed Costa and Stirling’s approach for CCS-like languages but exploited
a more natural labeling method of process actions to
filter out unfair process executions. The new labeling
allowed us to prove all the significant properties of
the original one, such as unicity, persistence and disappearance of labels. It also turned out that the labeled π-calculus is a conservative extension of the standard one. We contrasted the existing fair testing notions with those that naturally arise by imposing weak
and strong fairness. This comparison provides the expressiveness of the various fair testing-based semantics and emphasizes the discriminating power of the
one already proposed in the literature.
Decidability results for Linear Temporal Logic
In [8] we have established new positive decidability
results for timed ccp as well as for LTL. In particular,
we have proved that the following problems are decidable : (1) The strongest postcondition equivalence
for the so-called locally-independent ntcc fragment ;
unlike other fragments for which similar results have
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been published, this fragment can specify infinitestate systems. (2) Verification for locally-independent
processes and negation-free first-order formulas of the
ntcc LTL. (3) Implication for such formulas. (4) Satisfiability for a first-order fragment of Manna and Pnueli’ LTL. The purpose of the last result is to illustrate
the applicability of ccp to well-established formalisms
for concurrency.
Furthermore, recently in [64] we proved that
the negation restriction in (4) is necessary for decidability : I.e., satisfiability is undecidable for the
first-order fragment of Manna and Pnueli’ LTL with
flexible variables.
Comparison of the concurrent constraint paradigm and the pi-calculus paradigm. In [8] we
showed that timed ccp cannot encode Turing Machines. In [65] we introduced an extension of timed
ccp and show it can encode Turing Machines due to
its ability to express mobility in the sense of the πcalculus (i.e., communication of private links). Furthermore, we showed the extension admits processesas-formulae temporal logic interpretation.

Investigation of new computational models for
fault-tolerant distributed systems
Uniform Consensus is harder than Consensus In
[4] we compared the consensus and uniform consensus problems in synchronous systems. In contrast to
consensus, uniform consensus is not solvable with byzantine failures. This still holds for the omission failure model if a majority of processes may be faulty.
For the crash failure model, both consensus and uniform consensus are solvable, no matter how many
processes are faulty. In this failure model, we examined the number of rounds required to reach a decision in the consensus and uniform consensus algorithms. We showed that if uniform agreement is required, one additional round is needed to decide, and so
uniform consensus is also harder than consensus for
crash failures. This is based on a new lower bound result for the synchronous model that we state for the
uniform consensus problem. Finally, we presented an
algorithm that achieves this lower bound.
Validity Conditions in Agreement Problems and
Time Complexity In [18] we studied the time complexity of different distributed agreement problems

in the synchronous model with crash failures, by varying their validity condition. We first introduced a
continuous class of agreement problems, the k-TAg
problems, which includes both Consensus and NonBlocking Atomic Commitment. We then exhibited a
general early-deciding algorithm, that we instantiate
to solve every problem in this class. In all cases, the
algorithm achieves the previously established lower
bounds for time complexity showing that these lower
bounds are tight.
Reductions in Distributed Computing In [57, 58]
we introduced several notions of reduction in distributed computing, and investigate reduction properties of
two fundamental agreement tasks, namely Consensus
and Atomic Commitment.
We first proposed the notion of reduction “à la
Karp”, an analog for distributed computing of the
classical Karp reduction. We then defined a weaker
reduction which is the analog of Cook reduction.
These two reductions are called K- reduction and Creduction, respectively. We also introduced the notion
of C ∗ -reduction which has no counterpart in classical (namely, non distributed) systems, and which naturally arises when dealing with symmetric tasks.
We established various reducibility and irreducibility theorems with respect to these three reductions.
Our main result is an incomparability statement for
Consensus and Atomic Commitment tasks : we showed that they are incomparable with respect to the
C-reduction, except when the resiliency degree is 1,
in which case Atomic Commitment is strictly harder than Consensus. A side consequence of these results is that our notion of C-reduction is strictly weaker than the one of K-reduction, even for unsolvable
tasks.
In a second part, we extended the results of Part I
by considering a new class of agreement tasks, the
so-called k-Threshold Agreement tasks (previously
introduced by Charron-Bost and Le Fessant). These
tasks naturally interpolate between Atomic Commitment and Consensus. Moreover, they constitute a valuable tool to derive irreducibility results between
Consensus tasks only. In particular, they allow us to
show that (A) for a fixed set of processes, the higher
the resiliency degree is, the harder the Consensus task
is, and (B) for a fixed resiliency degree, the smaller
the set of processes is, the harder the Consensus task
is.
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The proofs of these results led us to consider new
oracle-based reductions, involving a weaker variant of
the C-reduction introduced in Part I. We also discussed the relationship between our results and previous
ones relating f -resiliency and wait-freedom.
The Heard-Of Model : Computing in Distributed
Systems with benign failures Problems in faulttolerant distributed computing have been studied in a
variety of models. These models are structured around
two central ideas :
1. Degree of synchrony and failure model are two
independent parameters that determine a particular type of system.
2. The notion of faulty component is helpful and
even necessary for the analysis of distributed
computations when failures occur.
In [12, 63], we questioned these two basic principles
of fault-tolerant distributed computing, and showed
that it is both possible and worthy to renounce them in
the context of benign failures : we presented a computational model, suitable for systems with benign failures, which is based only on the notion of transmission failure.
In this model, computations evolve in rounds, and
messages missed at a round are lost. Only information transmission is represented : for each round r
and each process p, our model provides the set of processes that p “hears of” at round r (heard-of set) namely the processes from which p receives some message at round r. The features of a specific system are
thus captured as a whole, just by a predicate over the
collection of heard-of sets. We showed that our model handles benign failures, be they static or dynamic,
permanent or transient, in a unified framework.
Using this new approach, we were able to give
shorter and simpler proofs of important results (nonsolvability, lower bounds). In particular, we proved
that in general, Consensus cannot be solved without
an implicit and permanent consensus on heard-of sets.
We also examined Consensus algorithms in our model. In light of this specific agreement problem, we
showed how our approach allows us to devise new interesting solutions.

of Byzantine faulty processes can be restated such that
messages from a subset of processes can be arbitrarily
corrupted (including addition and omission of messages).
In [41] we considered the case of dynamic and
transient faults, that may affect all processes and that
are not permanent. We modeled them via corrupted
communication. For corrupted communication it is
natural to distinguish between the safety of communication, which is concerned with the number of altered
messages, and the liveness of communication, which
restricts message loss.
We presented two algorithms that solve consensus, together with sufficient conditions on the system
to ensure correctness. Our first algorithm needs strong
conditions on safety but requires weak conditions on
liveness in order to terminate. Our second algorithm
tolerates a lower degree of communication safety at
the price of stronger liveness conditions.
Our algorithms allow us to circumvent the resilience lower bounds from Santoro/Widmayer and
Martin/Alvisi.

Formalization of probabilistic aspects of systems and protocols
The probabilistic asynchronous π-calculus In [7]
we have proposed an extension of the πa -calculus, to
the purpose of using it as an intermediate language for
the (randomized) implementation of the π-calculus.
In order to be able to write a randomized encoding,
we needed to enhance πa with a construct for random draws. Furthermore, we wanted the implementation to be robust with respect to adverse conditions,
namely “bad interleaving sequences”. In other words
we needed to express, in the execution model of the
intermediate language, the nondeterministic (i.e. unpredictable) decisions of an external scheduler. Thus
we needed two notions of choice : one probabilistic,
associated to the random draws controlled by the process, and one nondeterministic, associated to the possible interleavings generated by the scheduler.
Our proposal, πpa (probabilistic asynchronous πcalculus) is based on the model of probabilistic automata of Segala and Lynch, which has the above discussed characteristic of distinguishing between probabilistic and nondeterministic behavior.

Tolerating Corrupted Communication Consensus encapsulates the inherent problems of building Encoding π in πpa Still in [7], we have defined a
fault tolerant distributed systems. The classic model uniform, compositional encoding from π to πpa . Our
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encoding involves solving a resource allocation problem that can be regarded as a generalization of the
dining philosophers problem, in the sense that there
may be more philosophers than forks. The correctness of the encoding is proved with respect to a notion
of testing semantics adapted to the probabilistic asynchronous pi-calculus. More precisely, we have shown
that our encoding is correct with probability 1 with
respect to any adversary.

is, a choice construct with a probability distribution
on the branches, and where input and output actions
can both occur as guards. We have developed the operational semantics of this calculus, and we have investigated its expressiveness. In particular, we have
compared it with the sublanguage with the two separate choices, where input and output guards are not
allowed together in the same choice construct. Our
main result is that the separate choices can encode
the mixed one. Further, we have showed that inputBisimulation semantics In [14] we have studied a guarded choice can encode output-guarded choice
process calculus which combines both nondeterminis- and vice versa.
tic and probabilistic behavior in the style of Segala
and Lynch’s probabilistic automata. We have conside- Extending the language In order to obtain a lanred various strong and weak behavioral equivalences, guage suitable for the specification and verification
and we have provided complete axiomatizations for of a large class of security protocols, we aim at enfinite-state processes, restricted to guarded definitions riching the probabilistic π-calculus with value pasin case of the weak equivalences. We conjecture that sing, encryption and decryption, other primitive funcin the general case of unguarded recursion the “natu- tions, and data types, along the lines of the applied
ral” weak equivalences are undecidable.
π-calculus [69]. Some preliminary work in this direcThis has been the first work, to our knowledge, to tion is represented by [50].
provide a complete axiomatization for weak equivalences in the presence of recursion and both nondeterModel checking Model checking is the main tool
ministic and probabilistic choice.
that we aim at developing for the verification of secuIn [2] we have extended this investigation to the
rity protocols.
case of a process calculus with parallel composition.
In [55] we have introduced a weak symbolic bisimulation for the probabilistic π-calculus to overcome
Metrics In [32], we have studied metric semantic the infinite branching problem in checking ground bifor a general framework that we call Action-labeled simulations between probabilistic systems. The defiQuantitative Transition Systems (AQTS). This fra- nition of weak symbolic bisimulation does not rely on
mework subsumes some other well-known quantita- the random capability of adversaries and suggests a
tive systems such as probabilistic automata, reactive solution to the open problem on the axiomatization for
and generative models, and (a simplified version of) weak bisimulation in the case of unguarded recursion.
weighted automata.
Furthermore, we have presented an efficient characThe metric semantics that we have investigated in terization of symbolic bisimulations for the calculus,
[32] is based on rather sophisticated techniques. In which allows the "on-the-fly" instantiation of bound
particular, we needed to resort to the notion of Hut- names and dynamic construction of equivalence relachinson distance.
tions for quantitative evaluation. This has directly reStill in [32], we have considered two extended sulted in a local decision algorithm that can explore
examples which show that our results apply to both just a minimal portion of the state spaces of the proprobabilistic and weighted automata as special cases babilistic processes in question.
of AQTS. In particular, we have shown that the opeIn [51], in collaboration with the PRISM team
rators of the corresponding process algebras are non- at Oxford, we have established the basis for an imexpansive, which is the metric correspondent of the plementation of model checking for the probabilistic
notion of congruence.
π-calculus. Building upon the (non-probabilistic) πcalculus model checker MMC [70], we have develoProbability and guards In [37] we have proposed a ped an automated procedure for constructing a Marprobabilistic extension of the π-calculus whose main kov decision process representing a probabilistic πnovelty is a probabilistic mixed choice operator, that calculus process. This representation can then be veri79
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Interplay between probability and nondeterminism It has been observed recently that in security
the combination of nondeterminism and probability
can be harmful, in the sense that the resolution of the
nondeterminism can reveal the outcome of the probabilistic choices even though they are supposed to
be secret [72]. This is known as the problem of the
information-leaking scheduler. In [45] we have developed a linguistic (process-calculus) approach to
Specification and verification of security pro- this problem, and we have shown how to apply it to
tocols
control the behavior of the scheduler in various anoA framework for analyzing probabilistic protocols nymity examples.
In [22] and [6] we have developed a framework for
analyzing probabilistic security protocols using a probabilistic extension of the π-calculus inspired by the
work in [7]. In order to express security properties in
this calculus, we have extended the notion of testing Information-Theory applied to anonymity and
equivalence to the probabilistic setting. We have have privacy In [30, 13] we have proposed a framework
applied these techniques to verify the Partial Secret in which anonymity protocols are interpreted as parExchange, a protocol which uses a randomized pri- ticular kinds of channels, and the degree of anonymitive, the Oblivious Transfer, to achieve fairness of mity provided by the protocol as the converse of the
channel’s capacity. We have then illustrated how vainformation exchange between two parties.
rious notions of anonymity can be expressed in this
framework, and showed the relation with some definiProbabilistic aspects of anonymity and privacy tions of probabilistic anonymity in literature. Finally,
The protocols for ensuring anonymity and privacy of- we have discussed how to compute the channel maten use random mechanisms which can be described trix on the basis of the transition system associated
probabilistically, while the agents’ interest in perfor- to the protocol, and how to perform the computation
ming the anonymous action may be totally unpredic- automatically using a model-checker like PRISM.
table, irregular, and hence expressible only nondeIn [46] we have investigated how the adversary
terministically. In the past, formal definitions of the
can test the system to try to infer the user’s identity,
concepts of anonymity and privacy have been investiand we have studied how the probability of error degated either in a totally nondeterministic framework,
pends on the characteristics of the channel. In partior in a purely probabilistic one. We have proposed a
cular we have considered the Bayes approach, and we
notion which combines both probability and nondehave been able to characterize the associated probaterminism, and which is suitable for describing the
bility of error (Bayes risk) in terms of the solution of
most general situation in which both the systems and
certain systems of equations derived from the chanthe user can have both probabilistic and nondeterminel. This has allowed us to compute tight bounds for
nistic behavior. We have also investigated the properthe Bayes risk, thus improving long-standing results
ties of the definition for the particular cases of purely
in literature.
nondeterministic users and purely probabilistic users.
We have investigated notions of strong anonymity
In [33], we have proposed a probabilistic process
in [21] and [35, 60]. One interesting feature of our ap- calculus to describe protocols for ensuring anonymity,
proach is that in the purely probabilistic case, strong and used the notion of relative entropy to measure the
anonymity turns out to be independent from the pro- degree of anonymity that these protocols can guaranbability distribution of the users. In [48, 29, 9] we tee. We have proved that the operators in the probabihave also investigated notions of weak anonymity. listic process calculus are non-expansive, with respect
These are more realistic in the sense that they are to this measuring method. We have illustrated our apmore likely to be satisfied by the anonymity protocols proach by using the example of the Dining Cryptographers Problem.
used in practice.
fied using existing probabilistic model checkers such
as PRISM. Secondly, we have demonstrated how for a
large class of systems an efficient, compositional approach can be applied, which uses our extension of
MMC on each parallel component of the system and
then translates the results into a higher-level model
description for the PRISM tool.
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Software, patents and contracts
Software

–

In collaborations with Dave Parker, Gethin Norman and Marta Kwiatkowska from the University of
Oxford, we are developing a model checker for the
probabilistic π-calculus based on MMC techniques.
Case studies with several large examples, including
Dining Cryptographers Protocol, Partial Secret Exchange Protocol and Mobile Communication Network, have shown the efficiency of the approach.
In the meanwhile we are also attempting a direct and more flexible approach to the development
of a model checker for the probabilistic π-calculus,
using OCaml. This should allow to extend the language more easily, to include cryptographic primitives and other features useful for the specification
of security protocols. As the result of our preliminary
steps in this direction we have developed a rudimentary model checker, available at the following URL :
http://vamp.gforge.inria.fr/.

–

Contracts

–

Some publications representative of this collaboration are [50, 51, 55].
DREI project PRINTEMPS : PRobability
and INformation ThEory for Modeling anonymity, Privacy, and Secrecy. Teams involved : INRIA Futurs (responsible C. Palamidessi), McGill University (responsible P.
Panangaden). 2006-2007. http://www.
lix.polytechnique.fr/comete/
Projects/Printemps/. Some publications representative of this collaboration are
[30, 13, 46, 45].
INRIA-FNQRT Teams involved : INRIA Futurs (responsible C. Palamidessi), McGill University (responsible P. Panangaden). 20062007.
ACI Securité project Rossignol : Verification of Cryptographic Protocols. Teams involved : LIF (responsible D.Lugiez), INRIA Futurs (responsible C. Palamidessi),
LSV (responsible F. Jacquemard) and VERIMAG (responsible Y. Lakhnech). 20032006. http://www.lif.univ-mrs.fr/
~lugiez/aci-rossignol.html. A publication representative of this collaboration is
[21].
REACT : Robust theories for Emerging Applications in Concurrency Theory. Teams
involved : Pontificia Universidad Javeriana
(responsible C. Rueda), INRIA Futurs (responsible F. Valencia) and IRCAM, France.
2006-2008. http://cic.puj.edu.co/
wiki/doku.php?id=grupos:avispa:
react. Some publications representative of
this collaboration are [5, 20, 53, 34].
PAI project MONACO : MOdels for New Applications of COncurrency. Teams involved :
Imperial College (responsible I. Phillips), INRIA Futurs (responsible C. Palamidessi) and
Technische Universität Berlin (responsible U.
Nestmann). 2007.

– ASSERT. An European PI whose primary goal
is to define a new system and software deve–
lopment process, and experiment on real industrial cases. It will replace the traditional approach, which is very empirical, with a more
scientific method. ASSERT will define a continuous proof-based process to ensure the correctness of computer systems for aerospace applications. Period : from September 1, 2005 to
April 1st 2006 ;
– OISA. A contract with DGA having as objec–
tive the development of formal methods for autonomous systems. Period : from October 15,
2007 to October 14, 2008 ;
– ARC project ProNoBiS : Probability and Nondeterminism, Bisimulations and Security. Main
partners : ENS Cachan and INRIA Futurs (team
SECSI) (responsible J. Goubault-Larrecq), INRIA Futurs (team Comète) (responsible C. Teaching, dissemination and service
Palamidessi), PPS (responsible V. Danos),
Advanced schools :
University of Oxford (responsible M. Kwiat– Catuscia Palamidessi has been teaching the
kowska) and Università di Verona (responcourse “The process-calculus approach to secusible R. Segala). 2006-2007. http://www.
rity” at the CIMPA-UNESCO School on Seculsv.ens-cachan.fr/~goubault/
rity of Computer Systems and Networks. BanProNobis/pronobis1index.html.
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galore, INDIA, Jan-Feb 2005.
– Frank Valencia has given a tutorial on “Mobility in Concurrent Languages” at the LatinoAmerican Congress on Informatics (CLEI
2005). Oct, 2005.

– Vincent Danos, University of Paris VII, ARC
project ProNoBiS and DREI project PRINTEMPS
– D.Lugiez, University of Marseille, ACI project
Rossignol
– Y. Lakhnech, VeRIMAG, ACI project Rossignol
– NOVALTIS, Inria, Gérard Le Lann (External
consultant)
– GET, ENST, Lirida Naviner and Philippe Matherat

Postgraduate courses :

Catuscia Palamidessi has been teaching the following
courses :
– “Concurrence” at the MPRI (Master Parisien de
Recherche en Informatique). Winter semester
2006-07. (Together with Pierre-Louis Curien, International scientific cooperations
Roberto Amadio and Francesco Zappa Nar– Marta Kwiatkowska and her team, University
delli.)
of Oxford, UK. ARC project ProNoBiS
– “Concurrence” at the MPRI. Winter semester
– Roberto Segala and his team, Universirty of Ve2005-06. (Together with Jean-Jacques Lévy,
rona, Italy. ARC project ProNoBiS
Pierre-Louis Curien, Eric Goubault and James
– Prakash Panangaden, McGill University, CaLeifer.)
nada. DREI project PRINTEMPS
– “Concurrence” at the MPRI. Winter semester
– Uwe Nestmann, University of Berlin, Germany.
2004-05. (Together with Jean-Jacques Lévy,
PAI Project MONACO
Pierre-Louis Curien, Erik Goubault and James
– Iain Phillips and Maria Grazia Vigliotti, ImLeifer.)
perial College, London, UK. PAI Project MOFrank Valencia has been teaching the following
NACO
course :
– Flavio Corradini and Diletta Cacciagrano, Uni– “Computability Theory” at the PhD School of
versity of Camerino, Italy. Collaboration on
Informatics at Universidad del Valle, Colomsome papers.
bia. January 2004, January 2005 and January
– Maurizio Gabbrielli and Cinzia Di Giusto, Uni2007.
versity of Bologna, Italy. Collaboration on
Bernadette Charron has given courses in Mastere 2 at
some papers.
the Ecole polytechnique “Distributed Computing and
– Vijay Saraswat, IBM, USA. Collaboration on
Fault-tolerance”.
some papers.
– Björn Victor, Uppsala University, Sweden. Collaboration on some papers.
Undergraduate courses :
– LSR at EPFL, André Schiper and Martin Hutle.
Collaboration on some papers.
– Frank D. Valencia has been a teaching assistant
– VUT, Ulrich Schmid. Collaboration on some
of "Infomatique Fondamentale" at Ecole Polypapers.
technique. February-May 2005.
–
A & T University, Texas, Jennifer Welch. Col– Frank D. Valencia has been a lecturer on
laboration on some papers.
"Concurrency Theory" at Universidad Javeriana de Cali. July 2005 and July 2006.

Conference and seminar invitations
Catuscia Palamidessi has been invited speaker at the
following conferences and workshops :
– MFPS XXI, the Twenty-first Conference on
National scientific cooperations
the Mathematical Foundations of Programming
– Jean Goubault-Larrecq, ENS Cachan, ARC
Semantics. University of Birmingham, UK,
project ProNoBiS
May 2005.

Visibility
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– PAuL’07. 2nd International Workshop on Probabilistic Automata and Logics. Wroclaw, Poland, July 9, 2007.
– PERAD 2007. Pervasive Adaptive Joint FET EATCS Workshop. Brussels, Belgium, January
2007.
– PLID’07. Programming Language Interference
and Dependence. Kongens Lyngby, Denmark,
August, 2007.
Frank D. Valencia has been an invited speaker at :
– The Latino American Congress on Informatics
(CLEI 2005). Cali, Colombia, October 2005.
Catuscia Palamidessi has been an invited panelist at :
– The 19th IEEE Symposium on Computer Security Foundations. Venice, Italy, July 2006. The
topic of the panel was “Nondeterminism in Security Modeling”.

Conference organisation
– Catuscia Palamidessi has been co-organizer of
SecCo’07, the 5th International Workshop on
Security Issues in Concurrency. Lisbon, Portugal, September 2007.
– Catuscia Palamidessi and Frank Valencia have
organized the LIX Colloquium on Emerging Trends in Concurrency Theory, Palaiseau,
France, 13-15 November 2006.
– Catuscia Palamidessi has been the Program
Committee Chair of ICALP 2005 Track B.
32nd International Colloquium on Automata,
Languages and Programming. Lisboa, Portugal, 11-15 July 2005.
– Bernadette Charron-Bost has been the Program
Committeee Chair of the 31th Conference on
Current Trends in Theory and Practice of Computer Science (SOFSEM), 2004

Program committees
Catuscia Palamidessi is or has been a member of the
program committee of the following conferences :
– QEST’08. International Conference on Quantitative Evaluation of SysTems. September 2008.
– FICS’08. Foundations of Informatics, Computing and Software. Shanghai, China, June 2008.
– MFPS XXIV. Twenty-fourth Conference on
the Mathematical Foundations of Programming
Semantics. University of Pennsylvania, Philadelphia, USA, May 2008.
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– LICS 2008. 23rd Symposium on Logic in Computer Science. Pittsburgh, USA. June 2008.
– VMCAI 2008. 9th International Conference
on Verification, Model Checking, and Abstract
Interpretation. San Francisco, USA. January
2008.
– CiE 2008. Logic and Theory of Algorithms.
Athens, Greece. June 2008.
– ESOP 2008. European Symposium on Programming. (Part of ETAPS 2008.) Budapest,
Hungary, March-April 2008.
– QEST’07. International Conference on Quantitative Evaluation of SysTems. Edinburgh, Scotland, September 2007.
– Concur 2007. International Conference on
Concurrency Theory. Lisbon, Portugal, September 2007.
– FCT 2007. International Symposium on Fundamentals of Computation Theory Budapest,
Hungary, August 2007.
– ESOP 2007. European Symposium on Programming. (Part of ETAPS 2007.) Braga, Portugal, March-April 2007.
– LPAR 2006.International Conference on Logic for Programming Artificial Intelligence and
Reasoning. Phnom Penh, Cambodia, November 2006.
– CONCUR 2006. International Conference on
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international community of researchers is developing
many approaches to the correctness of software. Formal methods are gaining acceptance as one viable
approach to addressing program correctness and this
project will focus on using such methods to address
this problem.
The Parsifal team aims at elaborating methods
and tools for specifying and reasoning about computation systems such as compilers, security protocols, and concurrent programs. A central challenge
here is proving properties of programs that manipulate other programs. The specification of such computational systems today is commonly given using operational semantics, supplanting the well-established
but restrictive approach using denotational semantics.
Operational semantics is generally given via inference
rules using relations between different items of the

computation, and for this reason, it is an example of a
relational specification. Inference rules over relations
are also used for specifying the static semantics for
programming languages as well (type inference, for
example). The use of denotational style presentations
of computational systems naturally leads to the use of
functional programming-based executable specifications. Similarly, the use of inference systems for the
presentation of operational semantics provides a natural setting for exploiting logic programming-based
implementations.
The Parsifal project will exploit recent developments in proof search, logic programming, and type
theory to make the specification of operational semantics more expressive and declarative and will develop
techniques and tools for animating and reasoning directly on logic-based specifications.

Goals
More specifically, the Parsifal project focuses on
the following goals.
Foundations We plan to exploit the proof theory
of expressive logics for the specification of computations and to develop a logics for reasoning about proof
search specifications. Such meta-logics will likely be
based on higher-order intuitionistic logic and will include proof principles for induction and co-induction.
We shall also consider its analogous design as a type
system.
Prototypes We plan to build prototype components
needed for the implementation of proof search (including unification, search, tabling, binding and substitution in syntax, etc) and use these components to
build specific research prototypes for a range of applications. We shall explore architectures for provers
that allow differing amounts of interaction and automation.
Applications We will test the feasibility of incorporating our deductive tools into various applications
that can benefit from mixing computation and deduction. Application areas we have in mind are security,
global computing, proof-carrying code, and mobile
code.
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Results
Work in the team over the past three years has focused mainly on developing results in proof theory,
especially results establish connections to computation, and in exploiting such results by applying them
to designing prototype implementations and methodologies for reasoning about computation. Various
avenues of our development are described below.
Formalized reasoning about computation systems
A major effort during each of the past three years has
been the development of a methodology for reasoning
about logical specifications. Relational specifications
are widely used to describe the static and dynamic semantics of programming and specification languages.
Such specifications are common for typing judgments
and are used widely in structured operational semantics. One approach to formally specifying such relational specifications uses the higher-order abstract
syntax approach found in meta-logics (such as in the
foundations of λProlog) or a dependently typed λcalculus (such as in the foundations of Twelf). While
there are competing approaches to this style of specification, it is one of the first approaches to have
been developed : it also has a well-understood semantics and numerous implementations. While it has been
well-known for many years how to effectively automate and use higher-order abstract syntax, much less
is know about how to formally reason with such specifications. Along these lines, the team has taken a number of steps forward. In particular, Miller and Alwen
Tiu have developed a logic, called LINC, that includes
a new quantifier ∇ that is central to our formal reasoning approach [34, 4]. The general methodology of
this approach has been outlined in the invited paper
[24]. Further evidence that this methodology and logic provides a direct and natural approach to the metatheory of computation comes from the paper [21] in
which Miller, Palamidessi, and Ziegler use LINC to
naturally extend a previous framework that related bisimulation and congruences to the case of processes
with name mobility.
Bedwyr : model checking linguistic systems In order to provide some practical validation of the formal
results mentioned above regarding the logic LINC and
the quantifier ∇, we picked a small but expressive
subset of that logic for implementation. While that

subset did not involve the proof rules for induction
and co-induction (which are difficult to automate) the
subset did allow for model-checking style computation. During the summer of 2006, members of Parsifal
along with colleagues from the University of Minnesota and the Australian National University designed
and implemented the Bedwyr system. This system,
described in the conference papers [20, 27] and in the
user manuals [35, 38], was implemented in OCaml
and has been available for download since November 2005 (close to 200 downloads have been made
to-date). The system served well to validate the underlying theoretical considerations while at the same
time providing a useful tool for exploring some applications. Probably the most interesting application is
the specification of both the operational semantics and
open bisimulation for the π-calculus [12, 4] : these
specifications are essentially immediate and declarative versions of the usual ways that practitioners specify the π-calculus.

Focusing proof systems : foundations for proof
search automation The team has also invested a
great deal of energy in developing new normal form
theorems regarding cut-free proofs in various logics.
These normal forms, usually called focused proofs
systems following an early paper by Jean-Marc Andreoli in 1992, have important implications for the automation of proof search. Focusing proof systems provide ways to organize the structure of “don’t-known”
and “don’t care” non-determinism. Andreoli’s work in
linear logic has been augmented in two ways within
the team. Miller and Saurin in [31] have provided a
new style proof of the completeness of focusing in linear logic. Chaudhuri et.al. in [7] developed an intuitionistic linear variant of focusing and observed that
focusing can naturally account for different forms of
resolution in (linear versions of) Horn clauses. Miller and Liang in [29] have studied in detail a general
framework to describe focusing in intuitionistic logic.
Since a next step for the team is to move away from
automation of simple logic programming and model
checking engines to the (partial) automation of proofs
involving induction and co-induction, it was important to develop a general approach to proof search for
these inference rules. Baelde and Miller have derived
just such results in [28] and provide the first focusing
results for a proof systems containing induction and
co-induction.
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Applications of focusing proof systems To help
validate our energies at exploring focusing proof systems, the team has looked at various applications of
such proof theoretic results. Miller and Nigam in [30]
have shown how focusing proof systems can be exploited to provide a declarative approach to the use of
tables in proof search (addressing the issue of lemma
reuse instead of reproof in the case of atomic lemmas). The system of static collection analysis proposed by Miller in [23] makes use of linear logic to describe invariants among sets and multisets : theorem
provers for such invariants have been simple to design based on the focusing theorem. Finally, there appears to be a very close connection between focusing
proof systems and certain kinds of game semantics for
proof search. The team has been working on understanding a “neutral approach to proof and refutation” :
partial results were announced by Miller and Saurin
in [15, 25] and Olivier Delande is attempting to complete the picture (for the MALL fragment of linear
logic).
Specification of logical systems The study of computational logic properties are now sufficiently advanced that many properties of logic can be inferred automatically. For example, Pimentel and Miller have designed a framework in which inference rules for logics
can be faithfully specified. This framework, as described in the papers [2, 17] use linear logic programming as the actual framework. Sufficient conditions
are offered for cut-elimination and initial-elimination
to hold. These conditions are easily expressed by the
fact that certain small formulas in linear logic can be
proved. Provability of such formulas is also decidable.
As a result, determining, for example, cut-elimination
for a wide range of logics is an entirely automatic process.
A logic for systems biology Systems in molecular
biology, such as, those for regulatory gene networks
or protein-protein interactions, can be seen as state
transition systems that have an additional notion of
rate of change. Methods for specifying such systems
is an active research area : one current and prominent
method uses process calculi, such as the stochastic
π-calculus, that has a built in notion of rate.14 Process calculi, however, have the deficiency that reaso-

ning about the specifications is external to the specifications themselves, usually depending on simulations and trace analysis. Kaustuv Chaudhuri and
Joëlle Despeyroux have been considering the problem
of giving a logical instead of a process-based treatment both to specify and to reason about biological
systems in a uniform linguistic framework. The particular logic they used, called HyLL, is an extension of
(intuitionistic) linear logic with a modal situated truth
that may be reified by means of the ↓ operator from
hybrid logic, and given a variety of semantic interpretation as the rates of formation. Among the technical
results obtained is an adequate encoding of the stochastic π-calculus in HyLL. A technical report and a
conference submission are in preparation.

Proof nets for linear logic with units By using the
insights of deep inference, François Lamarche (LORIA) and Lutz Straßburger where able to extend ordinary proof nets for multiplicative linear logic by
the two units, in such a way that the proof identifications made by the new proof nets are exactly the
same proof identifications as they are enforced by
the axioms of *-autonomous categories. Algebraically
speaking, Lamarche and Straßburger gave a concrete
construction of the free *-autonomous category. The
results are published in [11] and [5].

Categorical axiomatization of proofs in classical logic One reason for using categories in proof
theory is to give a precise algebraic meaning to the
identity of proofs : two proofs are the same if and only
if they give rise to the same morphism in the category.
Finding the right axioms for the identity of proofs for
classical propositional logic for long been thought to
be impossible, due to “Joyal’s Paradox”. For the same
reasons, it was believed for a long time that it it not
possible to have proof nets for classical logic. Nonetheless, Lutz Straßburger and François Lamarche
provided proof nets for classical logic in [14], and
analyzed the category theory behind them in [13]. In
[8, 26], one can find a deeper analysis of the category
theoretical axioms for proof identification in classical
logic. Particular focus is on the so-called medial rule
which plays a central role in the deep inference deductive system for classical logic.

14
See Blossey, Cardelli,and Phillips. “A Compositional Approach to the Stochastic Dynamics of Gene Networks”, Trans. on Computational Systems Biology, LNCS 3939 (2006).
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Proof nets for second order multiplicative linear
nabla-quantifier, higher-order pattern unificalogic Exploring the ideas of [5] which allowed intion, and explicit substitutions. These features
cluding the units into the theory of proof nets, Lutz
allow reasoning directly on expressions contaiStraßburger developed a new theory of proof nets
ning bound variables.
that also includes the quantifiers, without relying on
The distributed system comes with several
boxes, as in Girard’s original work. The results are not
example
applications, including the finite pi-calculus
yet published, but available from Straßburger’s web15
(operational
semantics, bisimulation, trace analysis,
page .
and modal logics), the spi-calculus (operational semantics), value-passing CCS, the lambda-calculus,
Combinatorial characterization of deep inference winning strategies for games, and various other modeduction rules Geometric or combinatoric cor- del checking problems.
rectness criteria are important for studying proofs inWhile the system has been written to validate cerdependently from syntax. In [32], Lutz Straßburger tain theoretic results and to help suggest new theoretigives such a criterion for the medial rule. Thus there cal directions, we believe that the system can be of use
are now two independent approaches towards a notion to others interested more in reasoning about computer
of proof identification : First, via algebraic considera- systems than about proof theory foundations.
tions, i.e., categories, and second, via combinatorial or
Bedwyr is an open source project : its source and
graph-theoretical considerations, i.e., proof nets and
user manual are available online [38]. The developers
correctness criteria.
behind the current distribution are :
– David Baelde and Dale Miller (INRIA and
Deep inference for hybrid logics Hybrid lanLIX/Ecole Polytechnique)
guages are modal languages which use formulas to
– Andrew Gacek and Gopalan Nadathur (Univerrefer to specific points in a model. There is a fast
sity of Minneapolis)
growing community because of many applications. In
– Alwen Tiu (Australian National University and
[33] Lutz Straßburger presents a deep inference deNICTA).
ductive system for hybrid logic. Thus, the rich proof
During the summer of 2007, Baelde (LIX PhD
theory related to deep inference is made available for student) and visiting intern Zachery Snow (PhD
hybrid logics, which so far have mainly been studied student from the University of Minnesota) built a provia model theory.
totype theorem prover, called Taci, that we are currently using “in-house” to experiment in a number of
large examples and a few different logics. We hope to
Software, pattents and contracts
make the tool available eventually once we have settled into the exact logic that it should support.

Software
Bedwyr is a generalization of logic programming Contracts
that allows model checking directly on syntactic exMobius, Integrated Project in response to the
pression possibly containing bindings. This system,
written in OCaml, is a direct implementation of two call FP6-2004-IST-FETPI (September 2005 - August
2009). This proposal involve numerous site in Europe
recent advances in the theory of proof search.
attempting to develop the proof carrying code infra1. It is possible to capture both finite success and structure for mobile computer networks.
finite failure in a sequent calculus [20]. Proof
ANR Programme Blanc 2006 (Jan 2007 - Dec
search in such a proof system can capture both 2009) “INFER — Theory and Application of Deep
may and must behavior in operational seman- Inference”. This project aims at refining the potential
tics.
of deep inference and at applying it to problems rela2. Higher-order abstract syntax is directly sup- ted to the foundations of logic and to more practical
ported using term-level lambda-binders, the questions in the algorithmics of deductive systems.
15

http://www.lix.polytechnique.fr/~lutz/
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Slimmer, "Equipes Associées" from INRIA and External Evaluation for PhD
funds from NSF (Jan 2005 – ). Funds trips and exchanges between LIX and the University of MinMiller was an external evaluator for the following
nesota. The current focus of the research is on dePhD thesis defense.
veloping and implementing a formal framework for
– Stéphane Lengrand, Université Paris VII &
the specification of structured operational semantics
University of St Andrews, 8 Dec 2006 (examiof computational systems and for formally reasoning
nateur).
about properties of these specifications.
–
Nicolas Oury, LRI, University of Paris Sud, 15
PAI Germaine De Staël "Deep Inference and the
September 2006 (examinateur).
Essence of Proofs" (Jan 2007 - Dec 2008). Money for
–
James Brotherston, LFCS, University of Edintraveling between Paris and Bern. The participants are
burgh, 6 September 2006 (external examiner).
working on using deep inference to better understand
–
Gabriele Pulcini, University of Rome 3, 28
the structure, semantics, and identity of proofs.
April 2006 (rapporteur).
PAI Amadeus "The Realm of Cut Elimination"
– Sylvain Salvati, Institut National Polytechnique
(Jan 2007 - Dec 2008). Money for traveling between
de Lorraine, 13 June 2005 (examinateur).
Paris and Vienna. The participants are working on as– Xiaochu Qi, Computer Science Department,
pects of proof theory, particular, the analysis and uses
University of Minnesota proposal defense, 22
of cut-elimination in deductive systems.
April 2005.
– Didier Le Botlan, INRIA-Rocquencort, École
polytechnique, 6 May 2004 (examinateur).
Teaching, dissemination and service
– Sorin Craciunescu, INRIA-Rocquencort, École
polytechnique, March 2004 (rapporteur).
– Dale Miller was a professor at Ecole Polytechnique during 2004-2006 during which time he
taught a number of introductory and advanced
course on programming languages, theory of
Visibility
computing, and logic.
– Dale Miller, along with Roberto Di Cosmo,
wrote an article on “Linear Logic” for the StanDale Miller participated to the jury of habilitazion
ford Encyclopedia of Philosophy [3].
of Agata Ciabattoni, Technische Universität Wien,
– Lutz Straßburger gave a course at ESSLLI’06 March 2007.
in Malaga on Proof nets and the identity of
Dale Miller participated to the jury of the folproofs, and wrote lecture notes for the course,
lowing
phd theses : Stéphane Lengrand, Université
which are available as INRIA Research Report
Paris VII & University of St Andrews, 8 Dec 2006
[41].
– Lutz Straßburger is teaching a course “In- (examinateur) ; Nicolas Oury, LRI, University of Patroduction to deep inference and proof nets” ris Sud, 15 September 2006 (examinateur) ; James
within the International Master’s programme Brotherston, LFCS, University of Edinburgh, 6 Sep“Computational Logic” in Dresden, December tember 2006 (external examiner) ; Gabriele Pulcini,
University of Rome 3, 28 April 2006 (rapporteur) ;
2007.
Sylvain Salvati, Institut National Polytechnique de
Lorraine, 13 June 2005 (examinateur) ; Xiaochu Qi,
Computer Science Department, University of MinExternal Evaluation for Habilitation nesota proposal defense, 22 April 2005 ; Didier Le
Botlan, INRIA-Rocquencort, École polytechnique, 6
Miller has been an external examiner for the habi- May 2004 (examinateur) ; Sorin Craciunescu, INRIAlitation of Agata Ciabattoni at Technische Universität Rocquencort, École polytechnique, March 2004 (rapporteur).
Wien, March 2007.
16

http://www.lix.polytechnique.fr/~lutz/orgs/infer.html
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National scientific cooperations

of the European Association for Computer
Science Logic, Karkonoski National Park, Poland, 20-23 September 2004 • TPHOLs 2003 :
International Conference on Theorem Proving
in Higher Order Logics, 9-12 September 2003,
Rome • Wollic 2003 : 10th Workshop on Logic, Language, Information and Computation,
29 July - 1 August 2003, Ouro Preto, Brazil •
Workshop on Process Algebra, Bertinoro, Italy,
23 July 2003 • UNIF 2003 : 17th International
Workshop on Unification, 8-9 June 2003, Valencia.

– Lutz Straßburger is coordinator of and ANR
“blanc” Theory and Application of Deep Inference (INFER)16 . Other partners are PPS (Paris
7) and the LORIA (Nancy).

International scientific cooperations

– Lutz Straßburger is coordinator of an PAI Germaine De Stael with IAM, Universität Bern.
Title : Deep Inference and the Essence of
Proofs
– Dale Miller is coordinator of an PAI Amadeus
with Theory and Logic Group, Technische Uni- Conference organisation
versität Wien. Title : The Realm of Cut Elimina– Miller and Straßburger organized a workshop
tion.
on Logic Programming and Concurrency17
– Dale Miller is coordinator of an INRIA
from February 27 to March 3, 2006, in Mar“Equipes Associées” Slimmer for joint work
seille within the Geometry of Computation
with the Univiersity of Minneapolis. This ef2006 meeting (GEOCAL06).
fort also involves researchers from the Austra– Straßburger organized a small workshop on The
lian National University and from Hofstra UniRealm of Cut Elimination18 on May 14, 2007,
versity (New York).
at LIX.
– Dale Miller is involved in the Mobius integra– Straßburger organized a small workshop on
ted project under the FET Global Computing
Theory and Application of Deep Inference19 on
Proactive Initiative (6th Framework program).
June 21, 2007.

Conference and seminar invitations

Program committees

– Lutz Straßburger was invited to present his
Miller has been on the program committees of the
work at the logic seminar of the University of
following meetings.
Utrecht, Netherlands on February 22, 2007 (On
proof nets for second-order propositional mul- 2007 LFMTP’07 : Workshop on Logical Frameworks and Meta-Languages : Theory and Practiplicative linear logic), and at the seminar of
tice, August, Bremem, Germany. • WoLthe logic group of the University of Bath, UK
LIC’07 : Fourteenth Workshop on Logic, Lanon May 3, 2007 (On the axiomatization of Booguage, Information and Computation, Rio de
lean categories with and without medial)
Janeiro, 2-5 July. • CADE-21 : 21st Conference
– Dale Miller was invited to present his work
on Automated Deduction, 17 - 20 July Bremen,
at the following places : IJCAR 2006 : Joint
Germany.
Conference on Automated Reasoning, Seattle,
16-21 August 2006 • Università di Roma Tre, 2006 FSTTCS’06 : Foundations of Software Techno28-29 April 2006 • Algebraic Process Calculogy and Theoretical Computer Science, Kollus : The first 25 years and beyond, Bertikata, India. 13-15 December. • LPAR-13 :
noro, Italy, 5 August 2005 • Structure and De13th International Conference on Logic for Production 2005, Lisbon, 16-17 July 2005 • 2nd
gramming Artificial Intelligence and ReasoTaiwanese-French Conference in Information
ning, Phnom Penh, Cambodia. 13-17 NovemTechnologies, Tainan, Taiwan, 23-25 March
ber. • LFMTP’06 : Workshop on Logical Fra2005 • CSL 2004 : 13th Annual Conference
meworks and Meta-Languages : Theory and
17

http://www.lix.polytechnique.fr/~lutz/orgs/lpc_geocal06.html
http://www.lix.polytechnique.fr/~lutz/orgs/amadeus2007.html
19
http://www.lix.polytechnique.fr/~lutz/orgs/INFERmeetingJune2007.html
18
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Practice, 16 August. • TFIT’06 : Taiwanese- References
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LogiCal
Logique et Calculs

Team members

– Benjamin WERNER, chargé de recherches
INRIA, professeur chargé de cours à École Polytechnique.

Team leader

Benjamin WERNER, chargé de recherches INRIA, professeur chargé de cours à l’école Polytech- Phds
nique
– Lisa A LLALI, région IdF, since december 2006
– Bruno B ERNARDO, DGA, since august 2006
Permanent members
– Mathieu B OESPFLUG, AMN, from september
– Gilles DOWEK, professeur à l’école Polytech2007
nique
– Denis C OUSINEAU, MERT, since september
– Jean-Pierre JOUANNAUD, professeur à
2006
l’Université Paris-Sud, on leave from septem– Olivier H ERMANT, MERT, until 2005
ber 2006
– Florent K IRCHNER, École Polytechnique, until
– Bruno BARRAS, chargé de recherches INRIA
august 2007
– Hugo HERBELIN, chargé de recherches IN– Sylvain L EBRESNE, MERT, since october 2005
RIA
– Jullien NARBOUX, MERT, until 2006
– Assia MAHBOUBI, chargé de recherches IN– Elie S OUBIRAN, MERT, since september 2006
RIA (at LIX since september 1st 2007)
– Vincent S ILÈS, AMN, since september 2007
– Ian MACKIE, chargé de recherches CNRS
– Francois-Régis S INOT, École Polytechnique,
– Jean-Marc NOTIN, Ingénieur de recherches
until april 2006
CNRS (since 1st december 2005)
– Arnaud S PIWACK, AMN (Cachan), since sep103
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tember 2006
– Pierre-Yves S TRUB, EADS, since february
2005
– Roland Z UMKELLER, MERT, since october
2004.

a mathematical argument. This is especially important when assessing the accuracy of a critical piece of
soft- or hardware. Indeed, Coq is used to this extent
by various teams, in industry or research, in France or
abroad. Our effort aims therefore at guaranteeing the
reliability and security of software-prevalent systems.

PostDocs

At the origin of our approach lies the idea that
the choice of the logical formalism is crucial for buil– Gyesik L EE, 2006-2007 (18 months)
ding a proof system that is at the same time practical
– Evgeny M AKAROV, 2007 (12 months)
and clearly implemented. In our view, a proof sys– Weiwen X U, 2004-2005 (12 months).
tem implements a formalism quite in the same way
a compiler/programming environment implements a
Interns
programming language. A formalism should not only
be expressive, but also yield formal proofs that are as
– Lisa A LLALI, ENS Cachan, from march 2006
concise as possible, allow the user to stick to mathetil september 2006
matical intuition, and be well suited for automation.
– Bruno B ERNARDO, École Polytechnique, from
In this regard, a point which we have particumarch 2006 til august 2006
larly
focused on in the last ten years is the inter– Christophe C ALVÈS, from march 2007 til auaction between deduction and computation steps. In
gust 2007
– Denis C OUSINEAU, Université Paris 7, from type theory, the mathematical objects are fundamentally typed functional programs. As such, they have
march 2006 til august 2006
– François G ARILLOT, from march 2007 til au- a built-in notion of computation ; the crucial point is
that the objects are logically identified modulo comgust 2007
putation. In some cases, this can allow dramatic short– Danko I LIK, from may 2006 til august 2006
– Elie S OUBIRAN, Université Paris 7, from cuts in the proofs, thus pushing further the frontier of
the statements that are within grasp of formal systems.
march 2006 til august 2006
– Vincent S ILÈS, ENS Lyon, from march 2007 til Our special interest in this point is the reason for the
name of the project.
august 2007
– Arnaud S PIWACK, ENS Cachan, from march
Because we view the formalism as essential for
2006 til august 2006.
the practical tool, and because Coq’s formalism is still

Guests

evolving, we are careful to also have an important research activity in proof theory, especially on topics
related to formal proofs.

Professor Femke van Raamsdonk from AmsterMore generally, we believe there is a need for "gedam visited us for one month in 2005. Professor Maneral
purpose" proof systems which can be used for
koto Tatsuta from NII visited us for one month in
2006. Benjamin Wack, phd from Protheo, visited 3 purely mathematical formalizations and more applied
work in the computing world. In the latter case, the
months in 2006.
proof system can sometimes be used by itself, and sometimes in combination with more specialized tools.
For instance, Coq can be used as a back-end for Why
Research domain
or Krakatoa, tools supporting program verification,
The team’s objective is to enhance tools for formal which are developped by the INRIA project PROVAL,
reasoning and the mechanical checking of mathema- an outspring of LogiCal located at INRIA-Futurs. In
tical reasoning. This is a long term effort which ma- the former case, the proof system is mostly used by
terializes mainly through the development of the Coq itself. In particular, we use it ourselves for developproof system.
ping various mathematical formalizations, sometimes
Mechanically checked proofs give a very high, if in collaboration with the MSR-INRIA laboratory lonot the highest, degree of certitude of correctness for cated nearby.
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Goals

graphs based on hypermaps. An important side effect
of this work are inovating additions to Coq’s tactic
language and new techniques for formalization ; both
are now energically promoted by Georges Gonthier
and further developped and used inside the INRIAMSR joint laboratory.

Our broad objective is to contribute to the use of
formal methods in computer science, computer industry and mathematics. Specifically, we want Coq to
remain one of the main competitors in the field of
proof systems. We have an edge over the competition through the ability of Coq to intertwin efficient Primality proofs
computations with deduction. We want to deepen this
The fact that a (large) number is prime is typistrength by enhancing further Coq’s computing abilities, and by contributing to, and federating the effort cally assessed through computations. It was therefore
for providing large and usable libraries for the system. tempting to test the new computing power of Coq by
looking at primality proofs. Together with Benjamin
Grégoire and Laurent Théry (Sophia-Antipolis), BenResults
jamin Werner used formal results on Pocklington’s
criteria in order to prove the primality of numbers of
Formalization of real mathematics
up to 1000 decimal digits. This is an order of magnitude larger than what had been done before, and proProject-team positioning
bably than what can be done is all or almost all other
In the past years, formalization of "pure" mathe- proof systems. Currently, this is done by generating
matics, or mathematics for themselves, was not consi- Pocklington certificates with a dedicated C program,
dered central to the team’s activities : the work on the these certificates being then checked inside Coq.
system itself on one hand, and on program certification technologies on the other were viewed as the top The Kepler conjecture
priorities. Since the separation of the project into two,
The work on the four color theorem raised the atL OGI C AL at LIX and ProVal at LRI, it seemed reatention of Thomas Hales : he had completed the first
sonable to address this issue again inside the team.
proof of the four-hundred years old Kepler Conjecture20 and had difficulties to have it published because
Four-color theorem
the proof, in addition of being long and complex, reThe full formalization of the proof of the four co- lied heavily on machine computations. The programs
lor theorem (finished dec. 2004) attracted a lot of at- involved being quite complex, the referees felt they
tention, including by non-scientific or popular science could not form a strong enough opinion about this
media. The main author was Georges Gonthier [105], part.
Since then, Hales has become a strong proponent
now at Microsoft Research in Cambridge, but a lot of
the work was carried on in collaboration with Benja- of formal proofs and has undertaken an (administramin Werner. It seems also clear that Coq gained a lot tively) unformal effort to formalize his proof. He naof visibility thanks to this result. Also, the fact that med this effort Flyspeck.
this proof requires a lot of computing power was a
Roland Zumkeller participates to Flyspeck under
strong motivation for integrating Benjamin Grégoire’s the supervision of Benjamin Werner. He concentrates
compiler into Coq.
on a part of the proof which is well-suited to Coq’s
The proof of the four color theorem is probably computing abilities and which is also interesting in rethe most complex formal proof as of today. It fol- gard to other applications. It mainly consists of using
lows the general outline of an informal proof of 1995 optimization techniques to solve complicated real inby Robertson et. al. Its achievement took more than equalities automatically.
five years. In addition to quite complex programs to
Interestingly, the computational techniques involcheck the reducibility of the 633 configurations, the ved come from very different fields like theoretical
full formalization involved a discrete formalization of physics (physicists do not want particles to crash into
20
The Kepler conjecture √
states that the intuitive close packings (either cubic or hexagonal close packing, both of which have
maximum densities of π/(3 2) ) are the densest possible sphere packings.
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the walls of their accelerator) or robotics (when calculating the force necessary for a certain movement).
This also means that this work should be interesting
for other purposes than just very abstract mathematics.
Currently, Roland Zumkeller has implemented the
main routines for the matter in Coq [47] and now
works on their correctness proof.
Geometry
Julien Narboux formalized the first 8 chapters of
Schwabhäuser, Szmielev and Tarski’s book on Tarski’s geometry, thus providing a solid basis for further
development in geometry. He also certified the ChouGao-Zhang area method for deciding affine geometry. He then used this when building the newly released software G EO P ROOF. This is a graphical interface to draw geometry statements and to solve them,
automatically or interactively, in Coq. This is a promising tool as it constitutes the first experiment making a geometry software and a proof assistant working together. This experiment opens the door to various domain-specific graphical methods of proof. A
typical domain is diagrammatic reasoning in abstract
rewriting for which Julien Narboux gave an original
characterization of the class of graphically provable
statements.

Results in logic : Executive summary
Scientific achievements
The work on relations between set theory and type
theory has been one of the active research topics of
Alexandre Miquel, a former student of our group,
now member of the lab “Proofs, Programs and Systems” at the University of Paris 7. However, L OGI C AL has been active in this area as Gilles Dowek
and Alexandre Miquel have carried out a joint work
on the expression of Zermelo set theory in Deduction
modulo. This work has lead to another, on relative
normalization proofs (i.e. proofs of theorems of the
form “If the theory T1 has a (omega-) model, then the
theory T2 has the normalization property”).
On the characterization of theories that can be expressed in Deduction modulo with computation rules
only, the work has been mostly focused on arithmetic :
several successive presentations of arithmetic in this
framework have been proposed. The first by Gilles

Dowek and Benjamin Werner used an infinite number
of rules. A second one proposed by Florent Kirchner,
uses only a finite number of rules. And a third one, taking advantage of the decidability of equality in arithmetic, has been proposed by Lisa Allali in her Master
thesis. The negative results in this area are still anecdotical.
Three other lines of research have emerged during this four year period. The first is the use of model
theoretic methods to prove cut elimination results in
Deduction modulo. In his Doctoral dissertation, Olivier Hermant has unified several classical and intuitionistic model theoretical cut elimination proofs. More
importantly, he has given methods to prove cut elimination for theories that do not have the normalization property, refuting the conjecture that cut elimination and normalization were equivalent in Deduction
modulo. This work is now merging with another approach followed by Gilles Dowek based on a generalization of the notion of Heyting algebra that allows
to give model theoretic proofs both for normalization
and for cut elimination.
The second new direction is an extension of the
work of Jean-Pierre Jouannaud and Frédéric Blanqui on extension of Pure Type Systems with rewrite
rules. Gilles Dowek and Denis Cousineau have proved that even when we restricted the type system to
the simplest allowing dependent types (the lambdaPi-calculus), then all functional and normalizing Pure
Type Systems (such as the Calculus of Constructions)
could be expressed with rewrite rules. Alexandre Miquel, from the lab “Proofs, Programs and Systems”
has shown that Zermelo set theory could also be expressed in lambda-Pi-modulo. Jean-Pierre Jouannaud,
in collaboration with Albert Rubio from Barcelona,
has described new automable techniques for proving
the strong normalization property of higher-order calculi based on rewrite rules.
A third, related new direction initiated by JeanPierre Jouannaud and Frédéric Blanqui, a former
member of L OGI C AL now at INRIA-Lorraine, is the
use of decision procedures as blackboxes instead of
rewrite rules for extending Pure (and impure) Type
Systems. This mecanism appears to be very powerful,
as the decision procedure is invoked with all relevant
assumptions that appear in the proof context. Because
decision procedures may not be trustable, theyb are
assumed they come along with a mecanism for generating certificates that can then be checked inside
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Coq. This work constitutes the phd thesis of PierreYves Strub to be defended at the beginning of 2008.
Danko Ilik and Hugo Herbelin have recently started a Coq definition of an algorithm transforming potential contradiction proofs in ZFC to contradiction
proofs in ZF. This promising work has been interrupted at the end of Danko Ilik’s internship.
Benjamin Wack, from Loria, has spent three
month in our group, working with Gilles Dowek on
the relation between Deduction modulo and supernatural deduction.
We have a traditional interest in logically founded new computation paradigms. Dan Hernest Mircea has obtained new understandings on the computational behavior of Gödel’s Dialectica (common
PhD with Münich). François-régis Sinot completed
his PhD about implementation oriented variants of λcalculus with named variables.

The development of the Coq system
Personnel
Bruno Barras, Hugo Herbelin, Jacek Chrzaszcz
˛
(PhD until 2003), Benjamin Grégoire (PhD until
2003), Clément Renard (PhD interrupted in 2005), Julien Narboux (PhD ended in 2006), Florent Kirchner
(PhD), Sylvain Lebresne (PhD), Claudio Sacerdoti
Coen PostDoc 2004-05), Pierre-Yves Strub (PhD),
Pierre Castéran (on secondment from LaBRI 20042005), Jean-Marc Notin (from December 2005).
Personnel from other INRIA teams and other academic sites have also contributed to the development
of the Coq system : Christine Paulin (ProVal), JeanChristophe Filliâtre (ProVal), Pierre Letouzey (ProVal and Paris 7), Claude Marché (ProVal), Pierre Corbineau (ProVal), Pierre Courtieu (ProVal, CNAM),
Nicolas Ayache (ProVal), Matthieu Sozeau (ProVal),
Benjamin Monate (ProVal), Yves Bertot (Marelle),
Laurent Théry (Marelle), Julien Forest (ProVal, Everest), Assia Mahboubi (Marelle, now L OGI C AL).
The set of persons implied in the development of
Coq, inside or outside of L OGI C AL, is collectively designed as the Coq development team.
The Coq system is born from the work of Gérard
Huet and Thierry Coquand on the logical formalism
known as the Calculus of Construction [80]. The main
characteristic of this formalism is that it is both a logical foundation of mathematics and a programming
language. First implemented in 1984, the Coq system

is a software of the kind of “proof assistant”, following a terminology made popular at the beginning of
the 90’s. Coq includes a proof checker but it is specially designed for interactive development of proofs,
an approach pioneered by Milner’s LCF system [79].
Along these lines, it differs from the historical style of
proof checking that Boyer and Moore initiated.
In 1990, the logic of Coq has been extended
to the Calculus of Inductive Constructions, a purely
constructive formalism (i.e. with no axioms) of a
strength comparable to set theory.
Twenty-two years after the first implementation
started, Coq is one of the top 7 proof assistants in the
world. To our knowledge, the main competitors are :
ACL2, a texan proof checking system derived from
the original Boyer and Moore’s system that is largely
used in the industry, especially for circuit verification ;
HOL, a largely used Cambridge-made proof assistant
derived from Milner’s LCF system ; HOL-light, a variant version of HOL used both for the formalisation
of mathematics and for circuit verification ; Isabelle, a
joint Cambridge-Munich proof assistant that is largely
used by academics and industry, for both mathematical formalisation and program verification (especially
JavaCard programs) ; PVS, a product from SRI that is
also largely used for program verifications.
We also have to cite Mizar, a proof assistant designed for the formalisation of mathematics in set
theory and which certainly currently has the largest
database of formal mathematics.
There are also systems of smaller audiences focusing on more specific and experimental features. In
our community typical examples include the Swedish
Alfa/Agda and the English Epigram, both based on
“improvements” of the language of Coq ; the PhoX
system, developed in Chambéry with a focus on teaching.
Interestingly enough, a challenging proof assistant based on the same language as Coq is under development at the university of Bologna. This experimental proof assistant, called M ATITA, is an opportunity for testing alternative approaches in the design
of some of the Coq features. We have a strong collaboration with the development team of Matita. We
were part of a common european project MoWGLI
and one of the main implementors, Claudio Sacerdoti
Coen was a post-doc in L OGI C AL.
The main feature of Coq compared to most of its
competitors is that it includes an expressive typed pro-
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gramming languages and that reasoning is done modulo evaluation of programs.
Coq’s underlying formalism is logically powerful
and computationally expressive but this is not the only
strength of Coq. The trusted computing base of Coq,
i.e. the part that checks that the proof is a correct, is
relatively small (15000 lines of Objective Caml code
while the whole system has 120000 lines of Objective Caml code + 65000 lines of libraries written in
the own language of Coq). Moreover, Coq produces
proof objects that could possibly be verified by independent proof checkers.
L OGI C AL is the leading team for the development of Coq but the development of Coq is not restricted to the personnel of L OGI C AL. Former PhD
students from L OGI C AL, such as Benjamin Grégoire,
or from ProVal, such as Pierre Letouzey, Pierre Courtieu, Pierre Corbineau and Julien Forest still provide
contributions to Coq. There is also a long-standing
collaboration with Marelle (ex-Lemme) that resulted
in the last four years to the integration of contributions from Yves Bertot, from Assia Mahboubi, and
from Laurent Théry.
As a tool, Coq is used by different teams, especially in Sophia-Antipolis and in the context of the
INRIA-Microsoft Research joint centre.
Scientific achievements
In the last four years, the Coq development team
released three major new versions. In the list below,
the main achievements delivered by these releases are
highlighted.
– Coq version 7.4 (February 2003)
This version provided a higher order module
system à la ML. This has been the result of a
long process of maturation, starting from the
purely logical study of a module system by Judicaël Courant [81] to the implementation by
Jacek Chrzaszcz
˛
[90] of a “real-life” module
system that also takes care of the numerous
non-logical aspects of Coq.
– Coq version 8.0 (April 2004)
This version is a major release. First, it provided a new syntax that we believe to be more
intuitive and that allows for much richer notations, including the standard arithmetical operations. Indeed, after 20 years of evolution and
maturation, the concrete syntax had become
clumsy and with so few degrees of freedom that
108

reasonable extensions were impossible.
The change of syntax has been performed in coordination with Pierre Castéran and Yves Bertot while they were writing their book on the
practical uses of Coq (the Coq’Art [100]). A
few minimal changes in the standard library
have also been performed so that it gets a better
uniformity.
Secondly, the underlying formalism has been
slightly weakened in order to make it logically
compatible with standard axioms used by mathematicians such as the axiom of choice and
classical logic. This change is basically a two
lines change in the implementation but it opens
the door to a much larger spectrum of mathematical theories to be formalized in Coq without leading to logical paradoxes as it was the
case with the strongly intuitionistic logic implemented in the previous versions.
In addition to these two points which motivated
the change of the major version number, Coq
8.0 came with an integrated graphical interface
developed by members of the ProVal INRIA
team. This new interface improved on the previous through its simplicity of use and by more
efficient error location. Especially, it sped up significantly the starting period for Coq’s beginner, as we could observe it in the classes on Coq
that the members of the team were in charge of.
Finally, many small extensions were made by
members of the team, most noticeably tactics
(proof methods), searching tools, and various
other features convenient in a daily use.
– Coq version 8.1 (beta release in June 2006)
This version adds many novelties realized by
members of the team.
The most striking achievement is Benjamin
Grégoire’s compiler for the Coq programming
language [87]. Based on Objective Caml’s abstract machine which was extended in order to
also perform strong reduction, it provided a
very important speed up for formal applications
that relies on intensive computation (e.g. the
four color theorem, primality proofs, Coq tactics written in the Coq language – the reflection
mechanism).
Another achievement, by Pierre Corbineau, is
the development of a decision procedure for
first-order arithmetic [24] that works uniformly
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on a generic notion of connectives and quantifiers (the only primitive of Coq is universal quantification – all others connectives and
quantifiers can occur in arbitrary and possibly
non standard ways : that is what the decision
procedure recognizes).
A third achievement done by Claudio Sacerdoti
Coen during his postdoc in L OGI C AL is the
development of a powerful mechanism for rewriting over arbitrary relations [23].
Otherwise, the underlying theory has been
made smoother. Hugo Herbelin added sortpolymorphism for inductive types. Christine
Paulin (ProVal) added recursively non uniform
inductive parameters.
Many outside contributions have been integrated : Pierre Corbineau, as a postdoc in Nijmegen developed a mathematical style of proof for
Coq in the spirit of Mizar’s style of formalization ; Benjamin Grégoire (as a member of Everest) and Assia Mahboubi (Marelle), with the
help of Bruno Barras, contributed an improved implementation of the simplification procedure on rings ; Laurent Théry (Marelle) with
the help of Bruno Barras, contributed a library
on strings and an improved implementation of
the simplification procedure on fields ; JeanChristophe Filliâtre (ProVal) and Pierre Letouzey (ProVal and University Paris 7) contributed a certification of Objective Caml libraries
on maps and sets ; Pierre Letouzey also contributed a library on rational numbers ; Pierre
Courtieu (CNAM), Julien Forest (Everest and
CNAM) and Yves Bertot (Marelle), in paper
collaboration with Gilles Barthe (Marelle) and
David Pichardie (Everest) contributed tools for
reasoning over the structure of recursive functions ; Matthieu Sozeau (ProVal) contributed a
sub-language of Coq with subtyping and proof
obligations ; Frédéric Blanqui (Protheo) contributed a library called Color for performing termination proofs of rewrite programs which has
won a competition organized at the last IJCAR.
Another feature, of limited originality but promising consequences, is the implementation by
Hugo Herbelin, Jean-Christophe (ProVal) and
Nicolas Ayache (ProVal) of mechanisms to allow Coq to call external provers or computer
algebra systems.

Collaborations of the Coq development team
The team has strong interactions with the INRIA
teams Protheo, ProVal, Marelle and Everest to enhance Coq’s developments, and with the University of
Bordeaux, especially Pierre Castéran who wrote the
Coq’Art book with Yves Bertot. This book has had
a large success and has contributed to the success of
Coq in the last years.
External support for Coq
The european project MoWGLI provided support
for web-based searching and browsing of mathematical libraries (work led by the University of Bologna
in collaboration with the University of Nijmegen and
Sophia-Antipolis).
The european TYPES working group.
The EADS Foundation.
Self assessment
In the last four years, Coq has, as expected, gained in speed (thanks to the internal compiler) and in
automation (new decision procedures and possibility
to connect external provers). It also gained in extensibility and opening onto the outside tools.
The work on libraries that was anticipated four
years ago has been partially realized in Coq version
8.0 but a lot more needs to be done to get a uniform
library that could serve as a solid basis for the foundation of formal mathematics.
Coq is not only used worldwide but its development becomes more and more multi-site. We believe
that this is something our team can be proud of. However, according to the blind publication-based evaluation mechanism, the main developers and maintainers of Coq did not manage to valorize their work.
And still, documentation (to cite one possible way of
being refered to) is missing on many aspects of the
system.
Valorization and technology transfer
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Coq is or has been used, among others by :
– Trusted Logic (prosperous company doing software certification)
– Gemalto (worldwide leader in smartcards)
– France-Telecom
– Various teams working themselves on the transfer of technologies like proo-carying code
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– Microsoft Research (in addition to the activities
in the joint lab)
Academic impact
It is difficult to estimate the number of users of
Coq in academia. However, we know of at least 10
INRIA Project/Teams using the system in an important way. Outside École Polytechnique, Coq is used
for teaching purposes in Nancy, Warsaw and Taipei to
name a few.
The Coq mailing list has 450 members ; most in
academia.

– Gilles Dowek teaches at undergraduate and
master’s lever at Ecole polytechnique (30 hours
for the latter).
– Benjamin Werner teaches at master (20 hours)
and gave a course on Coq and Caml at ENSTA
(20 hours).
– Hugo Herbelin and Bruno Barras teach in master (between 20 and 10 hours)
The master courses are all in MPRI (Master Parisien de Recherche en Informatique) which is the major way of recruting new PhD students.

Dissemination

Benjamin Werner and/or Gilles Dowek have been
cited by, among others, La Recherche, Science et Vie,
le Télégramme de Brest, New Scientist, Le Figaro, Le
Software
Monde on topics concerning the four color theorem’s
Coq
proof, the INRIA-Microsoft Research joint centre or
Gilles Dowek’s recent book.
The Coq proof-system is the main material outBenjamin Werner and Gilles Dowek gave also
put of the team’s work. It is distributed under LGPL
separate interviews on Radio-France Inernational in
license and largely described above.
2007.

Software, patents and contracts

Geometrica

Service

Julien Narboux’s GeoProof is now distributed under GPL.

– Gilles Dowek is Vice-Chair of the Department
of Computer Science at École Polytechnique.
– Jean-Pierre Jouannaud has been the director of
LIX since januray 1st, 2001.
– Jean-Pierre Jouannaud has been a member of
the council of European Association for Theoretical Computer Science from 2001 to 2007,
and the president of its french chapter from
1999 to 2006.
– Jean-Pierre Jouannaud has been a member of
the Jury awarding the EATCS Price for lifetime
achievement (2003-2005) ; He is a member of
the jury of the Gödel price (2007-2009).
– Jean-Pierre Jouannaud has been a member of
the Irish Science Foundation panel (computer
science section) for the Stokes Chairs program.

Contracts
– Title : Complexité en ressources de programmes embarqués efficaces
Period : 01-12-2003 au 30-11-2006
Type : with France Telecom
Object : developping a new kernel for Coq allowing for better automation.
– Title : Dévelopement d’un langage de programmation pour la preuve formelle
Period : 01/02/2004 - 31/01/2007 ;
Type : with EADS Foundation ;
Object : funding the Phd of Pierre-Yves Strub.

Teaching, dissemination and service

Visibility

Teaching

National scientific cooperations

– Jean-Pierre Jouannaud teached until 2006 at
Orsay (Licence, ca. 50 hours), Polytechnique
(20 hours) and Master (20 hours).
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– Modulogic (7,5 k euros) is an INRIA-ARC
common with Protheo (Nancy) and Focal (U.
Paris 6). It concerns investigation of how to
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Analysis, Taipei, Taiwan, 2004 ; the 9th Articifial Intelligence Conference, Taipei, Taiwan,
2004 ; the International Conference on Rewriting techniques and Applications, Nara, Japan,
2005 ; the Workshop on Programming Logics
in memory of Harld Ganzinger, Sarrebrücken,
Germany, 2005 ; the second Taiwanese-French
conference in Information Technologies, Tainan, Taiwan, 2005 ; the 13th LPAR Conference, Pnomh Penh, Cambodge, 2006 ; the International Workshop on Mathematical Theories of Abstraction, Substitution and Naming
in Computer Science, ICMS, Edinburgh, UK,
May 2007.
Jean-Pierre Jouannaud gave a series of conferences organised by Alliance Française in the
indian IT’s in 2005.

make software specification as modular as possible.
– MAO is an INRIA-ARC common with André Hirschowitz’ team of algebraic geometry
in Nice. It is about making Coq more attractive and well-suited for the needs of mathematicians.
– Several researchers from L OGI C AL participate
to the project mathematical Components based
on Coq carried out at the INRIA-Microsoft Research joint centre.

International scientific cooperations

– The TYPES european working group is very
important to us ; much more than through the
funding. It is concerned by using types and type
theory for formal proofs, proof systems and
safe programming. Budget run by L OGI C AL :
Conference organisation
60 k euros.
– Hugo Herbelin and Benjamin Werner were
– MOWGLI was a european project to help the
members of the organising committee of the
construction of formal mathematics on the web.
European TYPES 2004 workshop held 15-18
– We collaborate with Jose Meseguer’s team
December in Jouy-en-Josas, France.
from the University of Illinois at Urbana Cham– Hugo Herbelin co-organised the MoWGLI
paign on rewriting logic. This collaboration
meeting in Palaiseau.
is funded by a billateral contract between the
UIUC and CNRS.
– Jean-Pierre Jouannaud was a member of the organizing committee for the international confe– We collaborate with Pawel Urzyczyn’s team
rence held at San Diego in honor of Joseph Gofrom Warsaw University on type theory and
guen on the occasion of his 65 birthday.
Coq. This collaboration is funded by a contract
– Benjamin Werner co-organized, with Benjamin
of the Ministère des Affaires Étrangères.
– We also have informal collaborations with the
Grégoire and Laurent Théry, a workshop on
research teams at the Universities of AmProofs and Numbers in Orsay, co-sponsored by
sterdam, Bologna, Catalogna, Nijmegen, Keio
TYPES and the INRIA-MSR centre in 2006.
among others, and with NASA.

Program and steering committees
Conference and seminar invitations
– Gilles Dowek gave invited presentations at .
Gilles Dowek gave a series of conferences organised by Alliance Française in the indian IT’s
in 2006.
– Hugo Herbelin gave invited presentations at
Classical Logic and Computation, a satellite
workshop of ICALP, Venice, Italy, 2006 ; Higher Order Rewriting, a satellite workshop of
FLOC at Seattle, USA, 2006.
– Jean-Pierre Jouannaud gave invited presentations at the 2nd International Symposium on
Automated Technology for Verification and
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– Gilles Dowek served as a proramm comittee
member for LICS in 2004 and RTA in 2006.
– Hugo Herbelin was a member of the program committees of “Classical Logic and Computing” (CL&C ’06 – satellite workshop of
ICALP ’06 in Venice, Italy), of “Strategies in
Automated Deduction” (STRATEGIES ’06 –
satellite workshop of IJCAR ’06 in Seattle,
Washington, USA), of the program committee
of “Programming Languages meets Program
Verification” (PLPV ’06 – satellite workshop
of IJCAR ’06 in Seattle, Washington, USA),
of the “International Conference on Functio-
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nal Programming” (ICFP ’03) and of the “Journication sciences”, which took place on Octonées Francophones des Langages Applicatifs”
ber 9th, 2007.
(JFLA ’04).
– Jean-Pierre Jouannaud was a member of the
program committee for the international confe- References
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– Fabrizio M ARINELLI, since march 1st, 2007
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de l’Île-de-France up to october 2007)
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with the CREA laboratoire, up to september
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Daniel K ROB

Permanent members

– Daniel K ROB, Directeur de recherches CNRS,
Phds
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august 2007)
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– Dan F REY, Associate Professor at MIT, from
21st to 27th oct. 2006 (seminar Chaire Thalès)
– Dominik S CHULTES, Ph.D. student at Karlsruhe University, 19th to 22nd june 2007 (joint
MeASI-AlgOpt seminar and collaboration with
Leo Liberti and Giacomo Nannicini)
– Laura D I G IACOMO, Postdoctoral Fellow at
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Università di Roma “La Sapienza”, 26th to 29th
june 2007 (joint MeASI-AlgOpt seminar and
collaboration with Leo Liberti)
– Olivier D E W ECK, Associate Professor at MIT,
from 2nd to 6th oct. 2007 (invited lecture at
Colloque du LIX 2007, guest lecture for Krob
and Liberti’s Software Modelling course at LIX
and collaboration with Daniel Krob and Leo Liberti)
– Andrea L ODI, Professor at Università di Bologna, 19th to 22nd oct. 2007 (LIX seminar and
collaboration with Leo Liberti)
– Giacomo PATRIZI, Associate Professor at Università di Roma “La Sapienza”, 3rd to 9th
dec. 2007 (LIX seminar).

Research domain

M E ASI’s main research focus is the modelling,
analysis and synthesis of industrial complex systems.
This term usually refers to systems (or systems of systems), practically arising in industrial settings, whose
complexity makes it difficult, or impossible, to study
under more classical frameworks such as worst-case
time or space complexity theory, or network theory.
In particular, this is a hybrid research domain : it can
roughly be partitioned in three main sub-themes : modelling, optimization and verification/validation. Modelling itself requires knowledge from a wide range
of different disciplines, because it is often the case
that each complex industrial system requires a type of
modelling unto itself. Optimization is usually carried
out by describing the system by means of mathematical programming techniques, and then applying some
standardized or purpose-built solution algorithms to
determine the optimal value of all involved decision
History
variables. Verification and validation includes, among
others, techniques drawn from the well-established
M E ASI was created in september 2006, it is field of software verification and formal languages.
the most recent team at LIX. Its team leader, Daniel
Krob, was previously a member of M ODÈLES COM Goals
BINATOIRES . The precise name of the team is ERC21
M E ASI, and is common to CNRS, École PolytechThe research team has the twin goal of pursuing
nique and CEA, in the sense that activities carried
excellence in research concerning complex industrial
out in common belong to all three research institusystems, and keeping all research as applicable as postions. The listed members of the team constitute its
sible. The conception of most of the novel techniques
LIX part. The CEA members are not listed, but the
proposed by our team is motivated by some real case
complete list of M E ASI members can be found on
encountered in mixed-scale industrial settings.
our web server. Indeed, M E ASI is the first common
A more short-term goal is that of defining the inresarch team which emerged from Digiteo22 .
terfaces of the three main sub-themes of the team.
M E ASI is assigned the task to become the back- The interface between modelling and optimization
bone of the chair Systèmes Industriels Complexes is already quite well established, but work is curcreated by École Polytechnique and Thalès23 . It is ex- rently under way as regards the often neglected but
pected to become the major french actor in the area all-important case of problems exhibiting time depenof systems engineering, in both education by deve- dency. The interface between modelling and verificalopping the Master des Systèmes Industriels Com- tion is also quite well established, as a software proplexes24 , and in research by developing strong re- gram can be considered at all effects a formal mosearch collaborations with the Pôle mondial SYS- del of a given problem (here, again, work is under
TEM@TIC in which Thalès plays a major role.
way in related aspects displaying gaps). The interface
21

Équipe de Recherche Commune
Digiteo is one of the 13 Réseaux Thématique de Recherche Avancée awarded last year by the french governement, and the only
one entirely in informatics. Digiteo was created by a number of laboratories located on the Plateau de Saclay and belonging to CEA,
CNRS,École Polytechnique,INRIA,UPS and SUPELEC.
23
Thalès is a major european industrial actor on the defense market. Its research facility is located on the campus of École Polytechnique
24
MISIC is lead by École Polytechnique, the other main actors being CEA, Thalès and UPS.
22
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between optimization and verification is, however, almost non-existent. The works in the literature are few
and far between, and address very specific problems.
A substantial amount of work is currently being done
in this specific interface, and specially in using optimization techniques for solving problems relating to
the static analysis of software.

Results
This section consists of a research report summary for the LIX (Laboratoire d’Informatique de
l’École Polytechnique) research group MeASI (Modélisation et Analyse de Systèmes en Interaction) for
the academic year 2006/2007.

Introduction
M E ASI is organizationally mixed and scientifically hybrid. Although this requires a considerable
amount of coordination (both scientific and administrative), it makes it a veritable mine of ideas and an
exciting working environment. The main hood under
which all our research is carried out is that of Complex
Industrial Systems, i.e. possibly recursive systems —
occurring in real industrial settings — whose (often
recursively propagated) complexity makes them impenetrable to classical analysis, synthesis and prediction frameworks. Our work can be roughly subdivided
into three main themes : modelling, optimization and
verification/validation (we remark once again that this
LIX report only deals specifically with modelling and
optimization because the part of the team that deals
with verification/validation is organizationally under
the responsibility of CEA rather than LIX). Some of
the most exciting new developments occur at the interface between these disciplines.

Complex systems modelling
In the modern world, complex industrial systems
are just everywhere even if they are so familiar for
us that we usually forgot their underlying technological complexity. Transportation systems (such as airplanes, cars or trains), industrial equipments (such as
microelectronic or telecommunication systems) and
information systems are for instance typical examples
of complex industrial systems that we are using or
dealing with in the everyday life.

“Complex" refers here to the fact that the engineering of these industrial systems relies on incredibly complex technical and managerial processes.
Such systems are indeed characterized by the intrinsic difficulty of their design, due both to an important
technological heterogeneity and to the large number
of sub-systems they involve. To face this huge complexity, engineers developed a number of methodological tools, popularized in the industry under the name
of system engineering, that fundamentally rely on the
fact that complex industrial systems can be always
recursively decomposed in a series of coupled subsystems, up to arriving to totally elementary systems
which can be completely handled. In such a framework, system engineering provides then methods for
helping both the design, the architecture, the progressive integration and the final validation and qualification steps that structure the construction of an industrial complex system.
This methodological environment is however not
a fully satisfactory answer to the problems that engineers must permanently solve in practice to handle
this complexity. This empirical and operational engineering approach indeed hides the fact that there are
basically no theoretical tools for dealing with systems
at a global level. The key problem comes here in particular from the fact that the notion of an industrial
system in its whole is not very well defined and rather
subjective, even if it clearly corresponds to a strong
industrial reality.
The purpose of all our researches in system modelling is therefore to handle this problem by going
back to the very fundamentals of what is a system, that
is to say by developing an unified point of view of an
industrial system based on an architectural approach.
Our main results in this direction are the following :
we first began to provide a low level unified framework for describing both continuous and discrete systems in the same way and in the lines of the usual
algorithmic complexity theory (see [37]). We also developed a higher level coherent framework for dealing
with software systems (see [43]). Finally we proposed a formal method for measuring the intrinsic complexity of a system architectural schema, obtained as
an abstraction of the previous frameworks (see [31]).
All these works are presently under integration in a
coherent architectural analysis methodology for complex systems that we are still constructing.
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Markov Decision Processes
Hugo Gimbert studied Markov decision processes
(MDPs), which are useful for the analysis and simulation of complex systems. MDPs are natural models
for controllable discrete event systems with stochastic
transitions. Gimbert studied the existence of pure and
stationary optimal controllers in MDPs with finitely
many states and actions [45]. An example of this kind
is multi-discounted MDPs. Multi-discounted MDPs
can be used to approximate parity and mean-payoff
MDPs, leading to new class of MDPs suitable for modelling discrete event systems [46]. Moreover, multidiscounted MDPs can be used to define the notion of
Blackwell optimal strategies in parity MDPs [47].

Systems optimization
A system model is used both for describing the
model and for computing model solutions : mathematical programming is a discipline of operations research that studies the solution algorithms that can be
applied to optimization models, also known as mathematical programming formulations. A mathematical
programming formulation is a precise description for
an optimization problem, and consists of a set of parameters (the problem instance), a set of decision variables, one or more objective functions, and a set of
constraints. A solution algorithm for a mathematical
programming formulation is an algorithm that finds
an assignment of values to the decision variables such
that all the constraints are satisfied and such that the
objective function is at an optimum (either maximum
or minimum) value.
Quadratic programming problems are mathematical programming problems having quadratic terms
in the decision variables in both objective function
and constraints. Many different applications can be
modelled as quadratic programming problems. The
Kissing Number Problem [23] determines maximum
number of unit D-spheres that can be placed adjacent to a central unit D-sphere, where D ∈ N ; for
example the Kissing Number in 2 dimensions is 6
(hexagonal lattice) in 3 dimensions it is 12 (the twelve
spheres problem) and in 4 dimensions it was recently
determined to be 24. The Molecular Distance Geometry Problem (a quadratic feasibility problem) finds
an immersion in R3 of a given weighted graph, such
that the edge weight are the same as the Euclidean
inter-vertex distances [4, 59, 8, 27]. The Hartree-Fock

Problem, a quartic problem which can be easily reformulated to quadratic, is formulated to find the solution of a set of Hartree-Fock equations, which are
used to determine the spatial orbitals of certain atoms
[22, 28]. Combinatorial optimization problems such
as scheduling with communication delays which depend on quantity of task-exchanged data and processor topology distances [44] can be cast as quadratic programming problems on binary variables. Some
real-life bioenergy production problems can also be
formulated as quadratic (bilinear) programming problems [42] with mixed continuous-binary products. In
general, when a quadratic programming problem, be
it integer or continuous or mixed, is subject to some linear equality constraint, exact simplifying reformulations (based on appropriate subsets of ReformulationLinearization Technique constraints [10]) are possible
[20, 25].
In general, quadratic programming problems belong to the class of global optimization (GO) problems. Software packages for solving Mixed-Integer
Nonlinear Optimization Problems (MINLPs) are
usually complex pieces of codes. There are three main
difficulties in coding a good GO software : embedding
third-party local optimization codes within the main
GO algorithm ; providing efficient memory representations of the optimization problem ; making sure that
every part of the code is fully re-entrant. Finding good
software engineering solutions for these difficulties is
not enough to make sure that the outcome will be
a GO software that works well, of course. However,
starting from a sound software design makes it easy
to concentrate on improving the efficiency of the GO
algorithm implementation. In [5] we discuss the main
issues that arise when writing a GO software package,
namely software architecture and design, symbolic
manipulation of mathematical expressions, choice of
local solvers and implementation of global solvers.
We also perform a literature review of the most common GO algorithms and related software packages.
More details concerning implementation of GO algorithms can be found in the edited book [6].
Combinatorial optimization
Several combinatorial optimization problems on
graphs (such as [51]) and integer programming problems arise from the analysis of complex industrial
systems. The most successful solution method is the
Branch-and-Cut algorithm, which relies on a Branch-
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and-Bound process where the lower bounding relaxa- Software,
tion problem is tightened by adding valid cuts. We
study two classes of new cuts in [26, 49].
Patents

Traffic systems modelling

patents and contracts

The following patents are being deposited at the
national French patent office.

1. Estimation de trafic dans un réseau routier (méEfficiently computing fast paths in large scale dythode basé sur le flots). Owners : LIX, Menamic road networks (where dynamic traffic informadiamobile. Inventors : Ph. Baptiste, G. Barbier,
tion is known over a part of the network) is a practiD. Krob, L. Liberti.
cal problem faced by several traffic information service providers who wish to offer a realistic fast path
2. Estimation de trafic dans un réseau routier (mécomputation to GPS terminal enabled vehicles. The
thode heuristique). Owners : LIX, Mediamoheuristic solution method we propose in [58] is babile. Inventor : G. Nannicini.
sed on a highway hierarchy-based shortest path algorithm for static large-scale networks ; we maintain a
static highway hierarchy and perform each query on Contracts
the dynamically evaluated network. We also propose
– Modelling of complex and hybrid systems
a PTAS heuristic based on appropriately clustering the
– Period : January 2006-December 2007
network nodes into regions providing an approxima– Type : Contract Etat-Région (within the
tion guarantee in [50].
“pôle de compétitivité" System@tic)
This research topic is partially funded by Me– Object : Developing new operational models
diamobile, a subsidiary of Télédiffusion De France
for complex and hybrid systems.
(TDF). Specifically, mediamobile has funded a pi– Fastest paths in a road network using partial
lot study, for which [58] is the concluding report,
trafic informations
is co-funding the Ph.D. thesis of G. Nannicini at
– Period : January-April 2006
LIX under the CIFRE scheme, and is expected in
– Type : Contract with V-trafic (Mediamobile)
the near future to partially fund some in-depth work
– Object : Proof of concept (showing that it is
on a specific time-dependent shortest path algorithm
algorithmically possible to find in real time
that should eventually lead to a patent. Two shared
the fastest (in terms of time and depending
LIX/Mediamobile patents on the heuristic evaluation
on the real trafic) path to go from a point A
of travelling times on road networks are currently unto a point B of a road network.
dergoing evaluation process.
– Clusterization of an information system map
– Period : October 2006 – March 2007
– Type : Contract with Bouygues Telecom
Ongoing work
– Object : Proof of concept (showing that it
is algorithmically possible to find semantiF. Marinelli (postdoctoral fellow at LIX, funded
cally meaninfull clusters within the architecby an Île-de-France project) is pursuing two different
ture schema that describes all technical syslines of work. With D. Krob, L. Liberti and O. de
tems of a real information system).
Weck (MIT), an investigation on the modelling of
– Computation of fastest paths in structured netcomplex industrial systems is under way from the
works at random dynamics : an application to
point of view of the optimization of platformingroad networks
related decisions. With E. Goubault, M. Martel and
– Period : October 2006 – September 2009
L. Liberti, a work on mathematical programming
– Type : CIFRE PhD Contract with V-trafic
approaches to verification of software correctness
(Mediamobile)
— particularly from the point of view of definition
– Object : Industrial PhD.
ranges of floating point numbers — is currently being
– Allocations post-doctorales Île-de-France
carried out. Other approaches to software verification
– Period : March 2007 – September 2008
from a probabilistic point of view are taken in [24] by
– Type : 18 months post-doctoral funding
S. Peyronnet.
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– Object : Modelling of complex industrial
systems.

2007", Marcus Evans Conferences, Paris, Mars
2007
– Systèmes de systèmes : concepts, problématiques, ingénierie et architecture, Tutoriel N. 1,
avec J. Printz, Ecole des Systèmes de systèmes,
DGA, Paris, Mars 2007
– Architecture of complex systems : why, what
and how ?, COgnitive systems with Interactive Sensors (COGIS’07), Stanford University
(USA), Novembre 2007.

Teaching, dissemination and service
D. Krob is responsible of the master programme
“Engineering of complex industrial systems" of Ecole
Polytechnique (a joint programme with Institut National des Sciences et Technologies Nucléaires and University Paris Sud 11).
D. Krob teaches both in the third year of the Ecole
Polytechnique cursus (lecture : "Software modeling
for the working engineer") and in the second year of
the master programme “Engineering of complex industrial systems" (lecture : "Introduction to system
modeling").

National scientific cooperations
L. Liberti is the Principal Investigator of
the Automatic Reformulation Search (ARS) ANR
Jeunes Chercheuses/Jeunes Chercheurs research project (2007/2010).

D. Krob gave several communication talks for
propagating the system modelling approach in dif- International scientific cooperations
ferent academic and industrial environments during
Participation to the research project ‘Morphogethe last two years.
nesis and gene regulatory networks in plants and aniL. Liberti teaches in the second/third year mals : a complex systems modelling approach" of the
of Ecole Polytechnique cursus (introductory C++ EEC FP7 programme “New and Emerging Science
courses, assistant to D. Krob’s software modelling and Technology" (MORPHEX ; Programme NEST ;
course for DIX, full C++ course for DMAP), in the coordinator : M. Morvan (ENS Lyon, France) ;
master programme “Engineering of complex indus- 2007/2010).
trial systems” (Operations Research course) and in the
Master Parisien de Recherche en Informatique (Sche- Seminar invitations
duling and Optimization course).
D. Krob was invited to present his research works
to different academic and industrial seminars during
Visibility
the last two years (CNAM, LIAFA, Journées Internationales d’Etudes “Vers des ingénieries et des technoD. Krob was invited as guest key speaker in dif- logies communes aux transports terrestres, maritimes,
ferent national and international conferences during aériens et spatiaux" (ITCT 2006), etc.).
the last two years. He gave there the following talks :
L. Liberti was invited to present his research
– Un premier bilan de 2 ans d’existence de la work in several academic and industrial seminars duchaire “Ingénierie des Systèmes Complexes, ring 2006/2007 (T.J. Watson IBM Research Center,
Forum Académique sur la Formation à l’Ingé- LIF Université de Marseille, Università di Roma “La
nierie Système, 4-ième conférence de l’asso- Sapienza”, PRISM Université de Versailles, LAMciation Française d’Ingénierie Système (AFIS SADE Université Paris IX, LIAFA Université Paris
2006), Toulouse, 2006
VI, COPPE Universidade Federal do Rio de Janeiro,
– Modelling of Complex Software Systems : a LINA Université de Nantes, LRI Université Paris XI,
Reasoned Overview, “International Conference LIP6 Université Paris VI, CEDRIC CNAM, LIPN
on Formal Methods for Networked and Dis- Université Paris XIII).
tributed Systems" - 26-ième édition (FORTE
2006), IFIP (TC6, WG 6.1), Paris, 2006
Conference organisation
– Repenser le système d’information dans une
architecture agile, “Urbanisation de systèmes
H. Gimbert, D. Krob and L. Liberti are the cod’information & Architecture d’entreprise organizers of the 2007 edition of the “Colloque d’Au124

MEASI

tomne du LIX" devoted to Complex Industrial Sys- 2006
tems. Scientific contributions were invited by senior
[3] FAIGLE , U., L IBERTI , L., M AFFIOLI , F., AND
academics (such as P. Hansen (GERAD), G. CornuéP ICKL , S. Special issue preface : Graphs and
jols (CMU), O. De Weck (MIT), S. Gaubert (INRIA)),
combinatorial optimization. Discrete Optimizaindustrial researchers (with representatives from Airtion 3 (2006), 179.
Bus, Bouygtel and Alstom) and junior researchers
alike. The event has been deemed a great success by [4] L AVOR , C., L IBERTI , L., AND M ACULAN , N.
Computational experience with the molecular
all participants.
distance geometry problem. In Pintér [63],
pp. 213–225.

Program committees

[5] L IBERTI , L. Writing global optimization software. In Liberti and Maculan [6], pp. 211–262.

D. Krob was a member of the scientific commitee of the Journées Internationales d’Etudes “Vers des [6] L IBERTI , L., AND M ACULAN , N., Eds. Global
Optimization : from Theory to Implementation.
ingénieries et des technologies communes aux transSpringer, Berlin, 2006.
ports terrestres, maritimes, aériens et spatiaux" (ITCT
2006).
L. Liberti is a member of the scientific committee 2007
of the Cologne-Twente Workshop (CTW) in Graphs
[7] FAIGLE , U., L IBERTI , L., M AFFIOLI , F., AND
and Combinatorial Optimization (yearly international
P ICKL , S. Special issue preface : Graphs and
workshop).
combinatorial optimization. Discrete Applied
Mathematics 155 (2007).

Journal editorial boards
2008
D. Krob is member of the editorial board of the
electronic journal Discrete Mathematics and Theoretical Computer Science (since 2001).
L. Liberti is an associate editor for Journal of Global Optimization (since 2006) and International Transactions in Operations Research (since 2007). He is
also a guest editor for special issues in Discrete Applied Mathematics [7, 9] and Discrete Optimization
[3].
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Network Centric Systems

This section describes a collaborative project of
LIX called Systèmes Complexes Distribués Mobiles
Sécurisés. The laboratory is indeed interested in a category of complex systems called network centric systems in the defense jargon, where it is anticipated that
these systems will become the basic infrastructure of
future defense systems for the theater of operations.
A good example of such a system is indeed provided
by a modern defense system controlling fighters, military vehicles as well as infantry-men. Similar problems arise in the civilian world, for example with
projects for automating traffic control on highways
via GPS localization, or deploying an assistance team
in an emergency situation originating from a cataclysm. These technologies have an enormous potential market, and raise many scientific as well as engineering challenges.
For our purpose, the kernel of a (two level)
SCDMS is an ad’hoc network made of mobile actors
A carrying powerful, (hence heavy) resources (GPS,
medium-range radio transmission, powerful computation resources, decision making systems) operated
by a specialized human actor. The network is a service provider for a second category of mobile actors
B carrying limited lightweight resources (GPS, shortrange radio transmission, limited computing power,
light captors, decision making system) possibly communicating via a vocal interface to free their hands.
Communication among the various actors would
obey a protocol for ad’hoc networks like OLSRv2,
whose communications would be encrypted using a
pair of asymmetric keys. Access to the network services would need authentication. In this context, however, relying on a public key infrastructure is unrealistic, therefore requiring identity-based encryption. Actors B would need sending their most complex computations, like speech recognition, to the network kernel which would therefore become a faulttolerant server for mobile distributed computations.
The most critical software systems operating on the
network, like authentication protocols, ciphering and
deciphering primitives, the infrastructure for mapping and scheduling on the network kernel, should
25

satisfy formal specifications including security and
fault-tolerant properties.

Despite its apparent simplicity (there are indeed
more than two levels in the targeted defense applications), such a network raises a lot of difficult questions
relating to the underlying mobile network, to the hierarchy of networks, to the use of the network kernel as
a trustable server for distributed mobile computations,
and to the verification of the many formal properties
to be satisfied by the system’s components and by the
whole system itself. Because this project is very ambitious, our goal is not to build an infrastructure for
simulating such networks, or even to build a prototype
network, but to address the questions that have been
raised and propose solutions that can be implemented
by appropriate actors.

So far, we have been working on several aspects
of the problem with funding provided by DGA25 for
one part, and by Digiteo and Hitachi for the other
part. Development and normalization by IETF of the
routing protocol OLSRv2 is well advanced, with support from Hitachi (H IPERCOM). Development of encryption mechanisms for these networks has started
and is supported by Digiteo, this is the OMT CryptoNet (C RYPTOLOGIE and H IPERCOM). Understanding the behaviour of a distributed network has started as well : fault-tolerant algorithms for election and
scheduling have been investigated (C OMÈTE). We are
also considering the specific difficulties related to signal analysis in this context of a dynamic topology
of the network (M ODÈLES A LGÉBRIQUES ET C AL CULS S YMBOLIQUES ). We have also started building
the necessary Coq infrastructure to verify the encryption and decryption algorithms (L OGI C AL). And, of
course, modelling such a system made of many software and hardware components is at the heart of the
activity of M E ASI. Most teams are therefore involved
in this effort, even if they do not all get specific funds
for this activity.

Direction Générale de l’Armement.
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Contracts
– Title : “CryptoNet” ;
Period : 01/11/2007 – 01/11/2008 ;
Type : OMT Digiteo ;
Object : Funding Jerome Milan, research engi-
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neer ;
– Title : “Systèmes Complexes Distribués Mobiles Sécurisés“ ;
Period : 2007 ;
Type DGA ;
Object : Funding postdocs and visitors.

COMPUTING RESOURCES

Computing resources

S YSRES is considered as a team in the laboratory, with specific goals described below. These goals
are discussed and decided with the laboratory bodies
(conseil de laboratoire, director, and vice-director).

form heavy calculations (mostly C RYPTOLO GIE and L OGI C AL) ;
– a subnetwork named M EDICIS, which provides
computer access and dedicated ressources to an
international community interested in symbolic
computations, made mostly of the members of
Permanent members
the european project S CIENCE ; ;
– a WiFi connection for visitors, despite unsuited
Managing the computer ressources at LIX is entisecurity regulations at École Polytechniquewrely done by a small team of three :
hich continue forbiding WiFi terminals instal– Matthieu G UIONNET, Ingénieur d’Études
led in laboratories.
CNRS
Access to internet is provided by École Polytech– Pierre L AFON, Ingénieur de Recherches CNRS
nique, and we therefore need to comply to the gene– James R ÉGIS, Ingénieur d’Études CNRS
ral policy of the school. In particular, each laboratory
member must sign a declaration that he or she will
follow the school policy when using Internet services.
Context
The main task assigned to this small team is
to manage the laboratory computing ressources. As
shown on the figure, these ressources are made of
– a subnetwork named LIX, which provides standard computer access to the PCs installed in
the laboratory offices ; specific computing ressources are also available for users who per-

Goals
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The objectives assigned to the team are essentialy
– A service available 24 hours a day, 7 days a
week, 52 weeks a year. Constant availability is
an important requirement for carrying out col-

COMPUTING RESOURCES

laborative work with our colleagues all around
the world.
– A flexible service, allowing us to install any
needed software or update without service disturbance, and, in particular, without interuption.
– A flexible architecture, allowing us to install
without disturbance new users or new teams,
or even new subnetworks, which will surely be
helpful when moving in the new Digiteo building in 2010.
– A cheap service, based on free software when
possible.
– Besides, our support staff needs accessing specific data bases from CNRS, INRIA and École
Polytechnique, for which a Windows installation is necessary.
The laboratory insists on availability 24 hours a
day, but this need is hardly understood by the school
services, and sometimes by our own staff. In the past,
power shutdowns decided by the service of infrastructures of École Polytechnique have sometimes made
the service unavailable for a couple of days during a
hiring process, a conference organisation or an IETF
meeting. Unavailability of some important web services alledgedly unsecure (are there secure web services ?) has forced some teams to migrate specific
web-severs on external computing services.

dows.
Most servers are racked in cabinets in order to
save space in the dedicated room.
Servers and PCs are renewed on a four years basis. Currently, most PCs have a flat screen. We sometimes use older screens to absorb the spring wave
of interns. The peaks in the budget given below have
several explanations : the constant growth of the laboratory which forces us to increase the number of
PCs every year ; the budget allocations which must be
spent by the end of the fiscal year ; the change of habits, in particular the increasing demand for laptops.

Budget
Year
2004
2005
2006
2007

Amount in k-euros
45
127
132
27

Future development

To satisfy the laboratory requirements, S YSRES
has decided to implement a new system architecture
based on virtualisation that should increase availability, flexibility and performance of services.
To this end, we have already bought a SAN in
order to get better access performance, on line stoPrinciples
rage maintenance and server redundancy. On the other
hand, virtualisation should allow us to reduce the
Currently, the laboratory has 17 servers, 110 PCs number of servers, ease restarting the system in case
and 50 laptops. Besides, several laboratory members of a crash or an attack, and test updates before their
own their laptop and use it even in their office.
definitive installation.
All our machines (servers and PC) operate under
Linux distributions (CentOS and Fedora), except for
the support staff whose machines operate under Win- Network structure and services
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F IG . 1 – LIX Network
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F IG . 2 – Virtualization
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System architecture and networks of LIX.
Network services

 Network TCPIP Gigabit.
 Firewal et gateway (NAT) via Iptables.
 Statics/dynamics IP attribution with/without MAC address (according to the
usage).
 5 address ranges ( including 4 privates) for pc, servers, laptops, virtual servers.
 WIFI : Keyless captive portal.

DNS

Bind, Delegation under domain : LIX et MEDICIS.

File server

NFS for Linux, local account for Windows

Authentication

NIS, LDAP.

Mail services

Postfix (pop, imap, pops, imaps), webmail Squirrelmail.

Web services

 Apache (http, https), proxy reverse.
 Mailing listes (Mailman), shared agenda, Php, Mysql,...
 Intranet : Zope, Zwiki, Plone, Tracker,...

Other servers

 Server login Ssh, server CVS, application server (Maple,...), etc...

Management applications

 Xlab, Girafe, Cirpanet, Ciel compta.

Telephony

 ToIP

Backup

 Bacula (LIX), Tina (X)
 200 Gigas backup
 One full backup every month
 A differential backup every week.
 A incremental backup everyday.

Clusters.
Internal cluster
(team Crypto)

 14 rackable PC.
 Based on LIX systems and network architecture.
 2 teras data storage.

Cluster MEDICIS
(team Max)

 30 rackable PC ( Linux 32 et 64 bits).
 Systems architecture and networks completely independent of LIX.
 Server NFS, NIS, DNS, Firewall IPTABLE.
 Network services : server login Ssh + private key, scp, etc...
 Licences server.
 Load balancing : LSF.
 Web services : Mail, Mailing list, Php, Mediawiki. etc...
 More than 30 applications in network.

135

COMPUTING RESOURCES

136

WHAT’S NEXT ?

Scientific Project 2009-2012

Achievements
History
The recent history of LIX has been somewhat
chaotic. Created as a small UMR26 in the past with
a strong initial leadership, internal difficulties ended
up in its downgrading as FRE by CNRS from January
1st, 2003, until December 31, 2004. Back again as a
UMR on January 1st, 200527 , LIX absorbed the major part of the STIX lab (“Sciences et Technologies
de l’Information et de la Communication à Polytechnique”), another FRE from École Polytechnique carrying out research in computer science and mathematics, and was then able to benefit from extremely favourable circumstances to expand its activities :
– A strong support from École Polytechnique,
CNRS, and INRIA ;
– The creation by École Polytechnique and Thalès of the Chair Complex Industrial Systems ;
– The creation of Digiteo ;
– The creation of ANR28 .
During the past three years, 3 new teams have
been created at LIX (M ODÈLES A LGÉBRIQUES ET
C ALCULS S YMBOLIQUES, M E ASI and H IPER COM ), as well as 4 new INRIA projects (A LIEN , H I PERCOM , PARSIFAL and C OMÈTE ), and all teams
were successful hiring CNRS and/or INRIA researchers or teaching staff at École Polytechnique. As a
result, the size of the lab went from 65 people on
January 1st, 2005, to 123 three years later. These figures do not account for the numerous undergraduate
interns from École Polytechnique or other schools,
nor for the master students from the several master
programs we participate to.
Managing such a fast expansion raises difficulties.

Above all, the expansion in size must go along
with an even bigger increase in research output. We
hope to have demonstrated this in the technical descriptions, but can also point out the high quality of
the recent hiring campaign which shows a worldwide
attractively of LIX.
The expansion must also go along with an increase of the budget. The figures given in annex show
that this has indeed been the case, thanks to the strong
support by École Polytechnique, CNRS and INRIA,
to the Thalès Chair, and to the numerous research
contracts that we have won recently, in particular
since the creation of ANR.
Finally, everybody needs a desk : we have built
extensions of the lab twice successively, in 2003
and 2006 again. We had to reorganized the office
space this year to crowd more people in the existing
space, and can now accommodate 124 persons. Two
other offices will be transferred to LIX at the end of
2008, allowing us to accommodate two new permanent staff : it should be clear that we do not have any
flexibility left. We give more details later.

Goals
During the last five years, our first ambition was
to structure the laboratory as a collection of individual research teams focusing their activity on a research project which identifies an important scientific area, clear long term goals and the ways to realize them, both in terms of budget and man power.
Developing a software system allowing to demonstrate the team’s expertise and research progress is an
important component of a research project at LIX.
Industrial collaborations allowing to feed the project
with concrete questions is another important aspect in
our view of what a project should be. Obtaining re-

26

Unité Mixte de Recherche is the normal name for a laboratory located in a institution for higher education, here École Polytechnique, when it enjoys the support from CNRS. Fédération de Recherche en Évolution is the name for a laboratory which is either a
candidate for becoming UMR or a former UMR in which important -possibly temporary- problems have been identified.
27
This change of status resulted in a change of denomination, with successively UMR7650, FRE2653, and now UMR7161. Each
time, the LABINTEL application which is supposed to help directors managing their laboratory’s resources and activity was reinitialized without notice and we lost all our data. Each time, we had to key in, among other data, all laboratory members again. As one
peculiar consequence, even the historic members of LIX appear on the CNRS data base LABINTEL as having started on January 1st,
2005.
28
The Agence Nationale de la Recherche is a recently created french research funding institution awarding grants on a project basis.
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sources via contracts allowing a project to reach criThe local environment outside the computer
tical mass and scientific excellence should eventually science department is of course important as well : the
follow from the previous view. The same is true of other departments at École Polytechnique, the other
attracting bright students and distinguished visitors.
research laboratories on the Plateau de Saclay and
the local companies whose activity can be related to
A danger of this view is to have self-centered
ours. It turned out that LIX emerged as an important
project-teams, the laboratory being a simple addiresearch entity on the Plateau de Saclay at the best
tion of them. Our second ambition was therefore
possible time, when the different actors in computer
to develop and exploit synergy between the difscience decided to group together and coordinate their
ferent projects. To this end, we rely on three meresearch activity. A major goal of LIX has been to bechanisms. First, we rely on our theory and problemcome an important force within this movement which
solving groups, M ODÈLES A LGÉBRIQUES ET C AL culminated with the creation of Digiteo, the major
CULS S YMBOLIQUES in mathematics, M ODÈLES
french academic actor in software-intensive systems
COMBINATOIRES in combinatorics and A LGORITH located on the Plateau de Saclay, and the creation of
MIQUE ET OPTIMISATION in combinatorial optimiSYSTEM@TIC, the major french industry-lead Pôle
zation, have the practice to solve problems of others,
Mondial in complex software systems located in Îlebesides their own ones : M ODÈLES A LGÉBRIQUES
de-France.
ET C ALCULS S YMBOLIQUES has collaborations
Research excellence goes also along with strong
with C RYPTOLOGIE and M E ASI, for example, while
collaborations at the international level. We do not
M ODÈLES COMBINATOIRES collaborates with Bioconsider that incentives are needed to force researinformatique and A LGORITHMIQUE ET OPTIMISA chers collaborating with the other side of the world.
TION with M E ASI again. Second, we also rely on
We therefore look at international collaborations as a
our networking group H IPERCOM to create research
measure of excellence rather than a target.
problems outside its area of expertise, like problems
We now will consider how much of these various
in security that can feed the other teams : a collaboragoals have been achieved, and how.
tion has developed between H IPERCOM and C RYP TOLOGIE, leading to the OMT CryptoNet. The third
mechanism is the development of large projects which Teaching
need expertise from different areas, like our project
There are three kinds of teaching staff at École
Système Complexes Distribués Mobiles Sécurisés, of
Polytechnique :
which CryptoNet is an important sub-project.
– holding a permanent position -it is then mandatory to join one of the research laboratories at
Another danger is to have a self-centered laboÉcole Polytechnique-,
ratory ignorant from its local environment. Our third
– holding a part-time position and enrolled in a
ambition was therefore to develop strong interactions
research laboratory of École Polytechnique with the computer science teaching department at
we call them residents-,
École Polytechnique. In particular, a major mission
– holding a part-time position and doing their reassigned by École Polytechnique is to provide the desearch in a laboratory elsewhere -we call them
partment with the adequate teaching staff in the maexternal teaching staff -, in Île de France for
jor sub-disciplines of computer science as well as in
most of them.
some flashy application areas in order to attract more
students from the school to the computer science cur- People holding a part-time position are almost all fullriculum and to research in computer science. We have time researchers from INRIA, CNRS or CEA. Partas an important objective that all our research teams time teaching staff members are contracted for at most
have an undergraduate as well as graduate teaching 12 years (2+5+5). Note that there is a consensus at
activity, and propose attractive projects to the students École Polytechnique that the third category is imporwho apply for an internship at the laboratory. This ef- tant : our students should be taught by the very best
fort has been quite successful, and the number of in- people in all taught sub-disciplines, and we cannot coterns in the laboratory has grown over the years. This ver them all with insiders.
Currently, most, but not all, basic courses in comis true of the students of École Polytechnique, and of
puter science are taught by permanent or resident teastudents from abroad as well.
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ching staff, which is more comfortable for the students since they have an easier access to them. This
is not true of the courses in data bases or compilers,
since there is no team yet at LIX in these two areas.
With some exceptions, non-basic courses in areas of
expertise of a LIX team are taught by those people
in the team that hold either a permanent or a parttime teaching position. When this rule is violated, this
is usually for historic reasons. For example, H IPER COM joined LIX after we hired an external teaching
staff member specialized in networking. Note also
that all teams participate to the teaching activity both
at the undergraduate and graduate level, with the exception of M ODÈLES A LGÉBRIQUES ET C ALCULS
S YMBOLIQUES since Eric Schost moved to the University of western Ontario as an associate professor.
A claimed goal of the school is to reach an equal
number of people in each of the three categories. In
computer science, most teaching staff belonged to the
third category in the past. The situation has largely improved but the current figure (8, 11, 16) shows that we
are still lacking permanent teaching positions. This
is a major weakness of the computer science department : the administrative load that comes with the
teaching rests on a small number of people. We therefore need to continue improving these figures, and
hire new permanent teaching staff. We will describe
our plans for expanding this category later.

Hiring strategy
The computer science department’s hiring strategy was to give priority to the teaching needs and at
the same time to the growth of the laboratory by creating many sometimes small but strong research groups
in well-chosen areas of computer science, expecting
that many other goals would simply follow by gravity.
In a second stage, we tried to achieve critical mass for
these teams, a task that had been almost completed by
the hiring campaign this year. It is now time to open
again the research spectrum by creating new research
teams, a task that we already anticipated each time we
had an opportunity.
The hiring process at École Polytechnique has
four stages. First, we discuss our hiring needs and
plans with the school’s directors (one for teaching
and one for research), possibly resulting in opening
positions. Then, a permanent committee short-lists a
selection of interesting candidates for interview. After that, all department members discuss the respec-

tive merits of the candidate and set up an ordered list
for the recruiting committee. This committee is made
of the school directors, the department president and
vice-presidents (the LIX director is vice-president for
research), as well as some colleagues from computer science and other sciences appointed by the school
directors. A decision is made by this committee and
proposed to the school. This process ensures a good
adequacy between the policies of the school and of
the laboratory.
One of the strength of École Polytechnique is the
possibility of hiring researchers as part-time teaching
staff, who then join one of the teams of the laboratory (or sometimes come with their entire team when
several of them are hired on this part-time basis). Therefore, we do not have difficulties hiring part-time teaching staff. This may be different for hiring full-time
teaching staff of the highest quality. In this case, we
have as a rule to set up an international search committee for each professorship, whose task is to identify and select applications at the highest academic level only
Another rule of École Polytechnique is that
Maîtres de Conférences should be hired from outside.
Similar rules apply for the CNRS and INRIA applicants.
These mechanisms allow us to hire many international staff : one quarter of our teaching and research
staff is non french : four Germans, two Italian, one
English, one Danish, one Russian, one American and
one Colombian. As a result, two teams have more foreigners than nationals among their staff, including
the team-leaders. Besides, several french staff members hold Ph.D.’s from abroad. Our recently hired professor, Frank Nielsen, albeit french, returned from Japan where he worked at SONY research laboratories
for 10 years. A weakness, though, is the small number
of female researchers in the laboratory.
Top rank professors from abroad has a cost :
we sometimes need to work hard setting up a complex package involving several financial sources (for
example, École Polytechnique and CNRS or École
Polytechnique and INRIA) which makes the hiring
process long and complex and is likely to result for
that reason in a failure. We failed twice successively
during the last four years, in particular this year when
trying to attract here a world-class leader in optimization and constraint programming.
Despite this failure, the hiring campaign this year
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was quite successful, with Frank Nielsen as professor,
3 chargés de recherche CNRS, 2 chargés de recherche
INRIA, and one Ingénieur de recherche CNRS. Most
teams have now grown to the point where they can
move ahead confidently.

Excellence
Reading the previous scientific chapters should be
enough, we think, to convince oneself that all LIX
teams focus on a research project which identifies
clear long term goals, and have now at their disposal the necessary resources, in terms of budget and
manpower, to achieve them.
Considering the scientific impact of the teams, we
want to stress that most LIX teams have achieved the
highest level of excellence by listing the many success
stories -at least we think these are success stories- they
enjoyed during the recent years.
– M ODÈLES A LGÉBRIQUES ET C ALCULS
S YMBOLIQUES : leader of the Science network funded by the EEC under the program
FP6, Research Infrastructure action, Integrated
Infrastructure Initiatives.
– A LGORITHMIQUE ET OPTIMISATION : The
team has solved several open questions in scheduling theory and has introduced new solutions
for algorithmic problems in power management. Despite a tough competition, this single
team recruited several new CNRS researchers.
– M ODÈLES COMBINATOIRES : its team leader
Gilles Schaeffer was this year the youngest
CNRS researcher in computer science ever promoted as Research Director ; he received the
“2007 European Price in Combinatorics” at the
Real Alcazar, Sevilla, this September ; Gilles
Shaeffer’s proposal for a talk about his work
in combinatorics is one of the six submissions
chosen by the Académie des Sciences on a day
dedicated to information and communication
sciences ; he also went also through the first
round of the young leader program of the European Research Council.
– H IPERCOM is the author of an Internet standard, the Optimal Link State Routing protocol
for ad’hoc networks ; the french price Science
et Défense was consequently awarded in 2003
to Philip Jacquet, leader of H IPERCOM, and
one of his collaborators ; an improved version
of the protocol is on its way to be normalised
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by IETF under the name OLSRv2.
– C RYPTOLOGIE owns the world record for proving that a (large) randomly chosen number is a
prime and outputting a proof certificate, as well
as the world records for breaking a discrete logarithm and for constructing a large finite number field. These records demonstrate their excellence as mathematicians and their talent as
computer scientists ; A. Enge has been awarded a 2004 Kirkman Medal of the Institute for
Combinatorics and its Applications, which recognises outstanding work by its members in
their early research careers ;
– L OGI C AL : the Grand Prix de Philosophie de
l’Académie Française was awarded this year to
Gilles Dowek, former head of L OGI C AL, for
his book Les Métamorphoses du Calcul ; In december 2005, Georges Gonthier, a former INRIA researcher and former member of the teaching staff at École Polytechnique, and Benjamin Werner from LIX, completed the first
formal proof of the 4 colors theorem, whose
solution had required more than one century
of efforts by mathematicians, by using the
proof-assistant C OQ developed by L OGI C AL ;
Georges Gonthier and Benjamin Werner’s proposal for a talk about the four color theorem’s
proof is another one of the six submissions chosen by the Académie des Sciences on a day
dedicated to information and communication
sciences.
– PARSIFAL : Dale Miler’s h-index is about to
reach level 40, from which point on he will
be listed on Google scholar for his research
achievements ; the prestigious Ackerman price
in Computer Science logic was awarded this
summer to Stephane Lengrand, a new CNRS
researcher who joined PARSIFAL on october
1st.
– C OMÈTE : Robin Milner, a Turing medalist,
was awarded a Chair Blaise Pascal of the Region Île de France to spend the whole year at
LIX in the C OMÈTE team ; the LIX colloquium
organized by C OMÈTE this year was said on
blogs to be the concurrency meeting of the year,
attracting two Turing medalists ; Tom Chothia
received the best paper award at the conference
FORTE 2006.
– M E ASI is the new research team created to
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support the Chaire des Systèmes Industriels
Here is a short description of the important softComplexes funded by Thalès.
ware projects as well as the emerging ones :
These success stories illustrate our credo that ex1. L OGI C AL develops the C OQ system. C OQ is
cellence goes with a strong theoretical background
used worldwide, with many academic users
and an ambitious research project identifying clear
and a few industrial ones, like Trusted Logics.
long-term goals.
Hugo Herbelin, CR INRIA, is in charge of the
C OQ system, helped by Jean-Marc Notin, a
CNRS research engineer. One reason for the
Resources
success of C OQ is the richness of the modelisation mechanisms that are implemented, in
As a consequence of excellence, our applications
particular the inductive types and the module
to the various calls for projects, by ANR and Eurosystem.
pean research programs in particular, have been ex2. H IPERCOM develops tools for implementing
tremely successful to a point that it is sometimes hard
routing protocols for ad’hoc networks. Their
to motivate the team leaders to apply to new calls cosuccess in obtaining that their protocols are sucming out permanently. Most funds raised that way are
cessfully considered by IETF as a norm depenused for hiring new phd students or postdocs, resulded essentially on these tools and their wide inting in a number of phds and postdocs by far greater
ternational use. Making them available on line
than the number of research staff holding an habilita29
was at the root of the wide success of OLSR
tion . The financial annex and others give the precise
among individual users and had a clear impact
figures supporting these claims.
on the IETF decisions.
Another consequence of excellence is the constant
flow of foreign visitors in the laboratory to a point that
3. C RYPTOLOGIE develops tools for implemenwe sometimes hear or read complaints that broken
ting cryptographic protocols. These tools, baEnglish has become the usual communication lansed for most of them on (large) finite number
guage at LIX. One of our next acquisitions will be
fields defined on elliptic curves, comprise a fast
an English-speaking coffee machine preparing Italian
arithmetic package, an extremely fast primality
espresso.
checker, sophisticated tools for computing discrete logarithms, etc. The word fast is the imRaising the excellence of the laboratory at every
portant one here, since cryptographic applicamoment has always been our rule, we now harvest its
tions on smart cards or RFIDs need be resource
many fruits.
efficient.
4. C OMÈTE has just started developing a probabiSoftware development
listic model checker. Model checkers have proved to be extremely important in hardware veriLIX had a long lasting reputation of being a lafication, as well as for verification of protocols.
boratory of theoreticians. We do not want to refute
Despite their potential usefulness for analysing
this reputation, but to complete it. Most teams have
many protocols that have probabilistic rather
as one of their main objectives the development of a
than deterministic properties, there are very few
software system that can demonstrate their expertise
probabilistic model checkers on the market.
in their research field and compete with similar soft5. A LGORITHMIQUE ET OPTIMISATION has not
ware developed by our colleagues elsewhere. This is
started yet a software project, but has been
kind of a standard at INRIA and CEA, and we have
using small software packages of their own for
six INRIA projects and one common team with CEA
modeling and solving various optimization proamong the current ten groups. Among the three remaiblems arising in industrial applications. Time is
ning teams, A LGORITHMIQUE ET OPTIMISATION is
ripe to turn these ad’hoc tools into a generic
about to launch a software project Tools for combisoftware that can be tuned to address applicanatorial optimization. There is therefore some small
tions on demand.
place left for improvement.
29
Habilitation is the diploma necessary to apply for a professorship, or to enroll phd students. It usually takes from 4 to 6 years
after the doctorate.
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6. Two other teams (Bio-informatique, PARSIFAL) Phds and Postdocs
should launch a software project in the future,
A weakness of computer science is its low attracwhen they succeed getting enough manpower
tivity for the students of École Polytechnique, a pheto plan a long term software tool.
nomenon that has been observed repeatedly, but no remedy has been found yet. As a consequence, there are
All these tools have a high potential for being used
more phd students at LIX originating from the Écoles
by other academic teams, and some have a high poNormales Supérieures (Ulm, Cachan and Lyon) than
tential for becoming used for industrial applications.
from École Polytechnique. Therefore, there is no imBesides C OQ , this is the case, we think, in this order,
pact of this weakness on the quality of our phds. On
of the projects developed or planned by A LGORITH the other hand, there is a growing interest by students
MIQUE ET OPTIMISATION , H IPERCOM , C RYPTOLO from Europe, Asia and South-America essentially, to
GIE and C OMÈTE .
join the lab for a doctorate or a post-doctorate. This
Some, but not all our industrial collaborations are explains the large number of phds and postdocs curbased on these software products. A LGORITHMIQUE rently working at LIX. We nevertheless continue our
ET OPTIMISATION and M E ASI have extremely ac- efforts to attract more students of the school in the
tive industrial collaborations and are in even greater computer science courses and at LIX as well. We hope
demand. H IPERCOM has a strong collaboration with that developing attractive, practical, high level courses
Hitachi essentially, and we expect several Hitachi re- when possible, for example in computational photosearch staff members to arrive soon in the laboratory graphy, will result in significant progress.
(there are already joint phd students). C RYPTOLO The number of phd theses defended by students
GIE is willing to transfer its expertise to industry but from LIX is surprisingly low until 2005 included.
is lacking the adequate partner. We expect the awar- There are two reasons for that. First, some teams
ded OMT CryptoNet to improve this situation. The (C OMÈTE, PARSIFAL, M E ASI) are very recent, they
free software C OQ is used by several companies who have not yet contributed much to these numbers. Seuse to hire members of L OGI C AL as consultants. C O - cond, the laboratory has grown very rapidly during
MÈTE and Bio-informatique are not yet ready for the last four years, and the number of theses defentransferring their expertise, while M ODÈLES A LGÉ - ded in 2005 corresponds to the phd students enrolled
BRIQUES ET C ALCULS S YMBOLIQUES , M ODÈLES in 2001/2002, at a time where the laboratory was very
COMBINATOIRES and PARSIFAL are more theory- small, around 40 people in total. This is therefore no
oriented, and do not have precise plans yet to boost surprise that the number of phds theses defended has
their (limited) interactions with industry.
grown suddenly in 2006. For 2007, it is a little early
A research team developing a software product to announce a convincing figure, since most theses are
that is then going to be used is subjected to a very usually defended during the fall. This is due to the
strong pressure that can hardly be endured without the deadline for applications to the Liste d’aptitude aux
help of high-level software engineers that can help or- fonctions de Maître de Conférences, which is a necesganizing the software development and management sary step before to apply to a position of Maître de
tasks. It is an important aspect of the strategy of the Conférences30 .
lab to provide these teams with the adequate support.
For the moment, we have obtained one CNRS ReSaclay’s research network
search Engineer for L OGI C AL, and a second for C O MÈTE should be coming very soon. We have obtained
LIX is one of the founding members of Digiteo,
one Research Engineer from Digiteo as a result of the a research consortium located on the plateau de SaOMT CryptoNet who will help C RYPTOLOGIE. We clay, created by CEA, CNRS, École Polytechnique,
have asked and will continue asking more software INRIA-Saclay-Île-de-France, SUPELEC and Univerengineers from CNRS, École Polytechnique, INRIA sité Paris-Sud at Orsay. This consortium was awarded
and Digiteo. We plan to cover most of our needs that the RTRA status a year ago, one among 13 RTRA for
we evaluate to 4 new research engineers by the end of whole France. Digiteo is the only RTRA entirely in
the coming four years contract.
computer science, and received an initial funding of
30

This corresponds to assistant professor.
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24 million euros to develop its research activities. Additional funding has been obtained since then by the
Digiteo research foundation by submitting research
(and development) proposals to the authorities of Île
de France.
Digiteo had an immediate important impact on
LIX, since C RYPTOLOGIE won one of the four Operations de Maturation Technologique awarded by Digiteo in 2007. Thanks to these funds, C RYPTOLO GIE was able to hire one expert engineer to develop
software aiming at being transferred to industry.

Scientific Relationships
École Polytechnique. Because of its strategy of developing research in areas with a strong mathematical
content, new synergies should develop in the future
with the department of applied mathematics. As we
have already seen, optimization, control, signal processing, vision, Monte Carlo methods and more generally the use of probabilities are common grounds for
developing strong collaborations which are currently
only emerging. Collaboration has also slowly started
with the biology department, and should also develop
with the department Humanités et Sciences Sociales if
we succeed hiring a professor for developing research
in the area of information engineering.

Another important impact of Digiteo are the funds
obtained for building office space at CEA-Saclay,
École Polytechnique and UPS. These buildings will
host research teams from the different Digiteo organisations. For example, the office space built at École Plateau de Saclay. We have four kinds of collaboPolytechnique will host the LIX teams, of course, but rations on the Plateau de Saclay :
also CEA and INRIA teams which are not part of LIX.
– Our collaborations within Digiteo are strong
And indeed, M E ASI is the first D IGITEO team comwith some Digiteo teams (at INRIA-Saclay-Îlemon to at least 3 partners, CEA, CNRS and École Pode-France, LRI, CEA-LIST and ENS-Cachan)
lytechnique, making of LIX a laboratory which hosts
but only emerging with the others (Supelec,
researchers from 4 of the six Digiteo founding instiIEF, LIMSI). We hope that new collaborations
tutions.
will naturally emerge, as money is there and
acts like gravity to move forward,
Digiteo has been very active organizing work–
The Master Ingénierie des Systèmes Industriels
shops on various topics of interest for several parComplexes has been the occasion for deveticipating laboratories, in order to identify potential
loping new collaborations when building this
synergies among the participants, and then support
curriculum in common (École Polytechnique,
the collaborative projects that are later submitted and
UPS, CEA, Thalès).
selected. We of course participate to this movement
–
Collaborations with System@tic are not yet
each time we can, and have been successful obtaining
very active, as explained.
funding for several phds and postdocs co-supervised
– Collaborations with the laboratory INRIAby colleagues from Digiteo.
MicroSoft Research are quite active, since seThe rôle of SYSTEM@TIC, on the other hand,
veral members of the laboratory participate to
is to develop innovative industry-lead projects. To
the project mathematical components develoachieve this goal requires the Digiteo research exped there and using Coq as a main tool for depertise. Digiteo teams participate to various worveloping formal proofs of mathematical theoking groups initiated by SYSTEM@TIC, in order to
rems.
build proposals submitted to french or European calls.
While our participation to Digiteo is strong, this is not
yet the case of our participation to SYSTEM@TIC Île de France Strong collaborations exist outside
(our major participation is via M E ASI), a weakness the Plateau de Saclay, with PPS (L OGI C AL) and
that we share with the other laboratories involved in LIAFA (M ODÈLES COMBINATOIRES), both laboraDigiteo. One reason is that companies involved in tories at Paris 7, with CODES (C RYPTOLOGIE) and
SYSTEM@TIC have given priority to projects ini- ALGO (M ODÈLES COMBINATOIRES, C RYPTOLO tiated before the creation of SYSTEM@TIC. The si- GIE), both INRIA Projects at Rocquencourt, and with
tuation may therefore improve as these early projects Paris 6 (A LIEN). The arrival of Frank Nielsen should
have all become funded, and ideas for new project are naturally result in a new collaborations with École
Normale Supérieure and École des Ponts.
now expected to involve Digiteo teams.
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Besides these research collaborations, LIX is also
participating to the Master Parisien de Recherche
en Informatique together with Université Paris 7,
ENS-Ulm, ENS-Cachan and INRIA as the other cofounders. More than half of our phds come from that
Master. These collaborations based on teaching result
often in later research projects carried out in common.
France Outside Île-de-France, we have strong
scientific collaborations with many colleagues who
have participated or participate with us to national
programs like RNRT and RNTL (verification of telecommunication protocols, with Nancy, Grenoble and
France-Telecom R&D), ACI Sécurité (cryptography
and security, with Nancy), ACI Grandes Masses de
données (with Bordeaux), or ACI Signal (with Lille).
Some of these collaborations have also companies as
participants.

which have led to joint publications. With UrbanaChampaign : a collaboration supported by the
UIUC-CNRS program, which has led to collaborative software in the area of proof assistants ;
with the University of Minneapolis (PARSIFAL) ;
with Mac Gill University at Montreal (C OMÈTE) ;
with NASA (L OGI C AL) ; with University of California at Riverside (A LGORITHMIQUE ET OPTIMI SATION ) ; with University of Waterloo (M ODÈLES
COMBINATOIRES ) ; with University of Western Ontario (C RYPTOLOGIE, M ODÈLES A LGÉBRIQUES ET
C ALCULS S YMBOLIQUES) ; with University of Texas
(C OMÈTE), etc.

South-America South-American students go naturally to north-america for a phd. However, thanks
to a Colombian researcher that we recently hired at
CNRS, our relationships there have developed rapidly, with at least one Colombian intern each year
continuing in phd.
Europe Half of the teams participate to collaboraWe also have relationships with Brazil (Buenostive projects belonging to programs funded by the Aires, M ODÈLES A LGÉBRIQUES ET C ALCULS
EEC : C RYPTOLOGIE (ECRYPT), M ODÈLES A L - S YMBOLIQUES).
GÉBRIQUES ET C ALCULS S YMBOLIQUES (SCIEnce,
coordinator), L OGI C AL (MOWGLI, TYPES), PAR - Africa We have relationships with Tunisia (Tunis
SIFAL (Mobius), M E ASI (MORPHEX).
and Marrakesh, M ODÈLES A LGÉBRIQUES ET C AL All teams in the laboratory have collaborations CULS S YMBOLIQUES).
with other teams in EEC countries or Switzerland
that result in co-authored publications. Many of them
Asia Asia is an important target of LIX for collaboare on an individual basis, while some others haprations :
pen inside established research networks supported by
– Japan : we have many research collaborations
EEC. To name a few who led to common publicawith Japan. École Polytechnique has signed
tions, let us mention Austria (TU Wien, PARSIFAL),
a collaboration agreement with Keio univerGermany (TU-Berlin, C RYPTOLOGIE and C OMÈTE ;
sity in Tokyo to support the collaboration betHumbold University, B IO - INFORMATIQUE and M O ween H IPERCOM and the project WIDE on
DÈLES COMBINATOIRES ; Osnabrueck, A LGORITH one hand, and the collaboration between L O MIQUE ET OPTIMISATION ), Italy (Padova, M ODÈLES
GI C AL and the laboratory of Okada-sensei on
COMBINATOIRES ; Siena, C OMÈTE ; Verona, C O the
other hand. Both collaborations have resulMÈTE ; Camerino, C OMÈTE ), Netherland (Amsterted
in
many co-authored papers.
dam, L OGI C AL), Poland (Varsaw, L OGI C AL), Spain
– Taiwan : we were among the founders of the
(Barcelona, L OGI C AL), Sweden (Göteborg, L OGI Taiwan-French conference in Information techC AL ; Uppsala, C OMÈTE), Switzerland (Bern, PAR nology, and Jean-Pierre Jouannaud is a member
SIFAL ; EPFL, C OMÈTE ; ETH Zürich, M ODÈLES
of the organizing committee. The fourth confeCOMBINATOIRES ), UK (Oxford, C OMÈTE ; King’s
rence is planned next march at Academia Sinica
college London, L OGI C AL ; Imperial college, C O in Taipei.
MÈTE ), etc.
– China has become an important market for
postdocs. We have limited research collaborations with China for the moment, but these reNorth-America We have strong research collalation should develop rapidly in a near future, in
borations outside Europe. We will mention those
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relationship with LIAMA, the joint laboratory
of CNRS, INRIA and the Chinese Academy of
Sciences.
– India : we benefit from the large number of
Indian students looking for an internship or a
postdoctoral fellowship, but few of them apply
for a doctorate. Many laboratory members have
been invited to give seminars in India, in particular those organised by Alliance Francaise,
but this has not resulted in active research relationships yet.
– There are many students from Vietnam at École
Polytechnique, and many of them continue for
a phd. On the other hand, we have no research
relationship with Vietnamese institutions.

Computing services
LIX has a network of PCs connected to various
servers, for mail, for collaborative services, for computations, for storage, etc. A Web service has also
been installed, as well as an Intranet to provide with
the needed documentation and tools.
On the other hand, the laboratory has bought
many laptops for its permanent members and phds
who ask for. Since École Polytechnique is a bit shy
with the installation of WiFi connections, arguing for
security reasons, we have decided to equip our area
with (easily removable) devices for our visitors to access Internet when needed.
Because computer equipment has become so
cheap, our equipment is clearly up to date and can
be renewed when needed. When specific expensive
equipment is needed, like the one asked by H IPER COM to carry out large scale routing experiments involving hundreds of moving nodes, we can always
make a specific demand, to INRIA, CNRS or Digiteo
for example. Finding the money is not an issue when
a project has a clear scientific and practical impact.

Office space
Our expansion has been extremely fast, raising
management difficulties. We have built a first extension of the laboratory in 2003, whose cost (230000 euros) was entirely supported by École Polytechnique,
to accommodate our first important growth : CNRS
researchers either hired or moving from other laboratories to LIX, two new professors hired at LIX,
an INRIA-project (L OGI C AL) moving in from Roc-

quencourt, and two new emerging INRIA-projects.
A second extension was built recently, whose cost
(320000) euros was this time shared by CNRS and
INRIA. This allowed us to accommodate new people
hired at École Polytechnique, a new project partly
moving in from Rocquencourt (H IPERCOM), and the
CEA-CNRS-École Polytechnique common research
team. To accommodate all people from INRIA and
CNRS hired this year, we had to reorganize the office space, the expenses being shared by LIX and
École Polytechnique, to crowd more people in the
existing space, and can now accommodate up to 123
persons. Two other offices will be transferred to LIX
at the end of 2008, allowing us to accommodate two
new professors, we indeed expect at least three fullprofessorships to be opened during the coming four
years. Therefore, we do not have any flexibility left.
In the coming two years, we will need using temporary solutions, that is, first, transform our conference
room into an open office space to crowd in most phds,
and second crowd temporary people, the interns and
the remaining phds, inside temporary office space that
can be quickly installed on the ground outside the
building and removed when it becomes superfluous.
We will not build any more temporary office space
as we did in the past before we eventually move in
the planned Digiteo building sometimes in 2010. This
building will be one of three Digiteo buildings erected at Orsay (on the campus of UPS), Palaiseau (on
the campus of École Polytechnique) and Saclay (on
the campus of CEA). This brand new building will
host various teams from Digiteo, including all teams
from LIX, some INRIA teams and some CEA teams
as well. An extension will follow shortly after. The
cost of these buildings is taken care of by four Digiteo partners, CEA, CNRS, UPS and École Polytechnique, and by Région Île de France. At the end
of these constructions, LIX should have much more
space than now, allowing for an important growth in
the coming years. This growth, we think, will continue at the same current speed until the end of the next
four years contract, that is the end of 2012.

Self assessment
Project-teams at LIX are young, as is the laboratory, very active nationally and internationally, and
of very good quality. All are important with respect
to the objectives of the laboratory. All should therefore continue to receive the necessary resources for
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their development. So, rather than canceling a re- GIE at LIX ; the situation is ripe for very ambitious
search team, we will instead open new ones in the co- projects in this area.
ming years. In the next section, we describe in more
In the next section, we describe the kind of ordetails what are our priorities.
ganisation we plan to build in order to achieve these
goals.

Looking ahead

Chairs and “Institut des Systèmes ComFrom the beginning, the credo of LIX has been to plexes”

invest in research areas that need a strong mathematical background. The reason for this deliberate choice
is the strong image of the school in hard sciences. It is
not clear, however, that this strategic decision is still
adequate with the profile of the students of École Polytechnique, who are for most of them far more interested now by careers in private companies, especially
in the financial business, than by careers in the academia. Nevertheless, we strongly believe that innovation
in information technologies relies on ideas that need a
strong background. To cite but one example, Google
illustrates our credo.
During the next four years, we plan to create two
new teams : one in vision with a strong emphasis
on computational photography, and one in distributed data bases with a strong emphasis on management
engineering. The leader of the first team has just been
hired, we need to give him or help him finding the
necessary resources, including a software engineer, to
develop its research activities. In the second case, we
first need to find a team leader before to help him putting up a project and grow his activities. We would
of course also favor the coming at LIX of other INRIA projects that could help satisfying our teaching
needs, for example in compilation, operating systems
and hardware.
At the same time, we also plan to develop our
activities in three important areas : bio-informatics,
networking and optimization. In the first case, scattered forces exist at École Polytechnique and Université Paris-Sud that need to be structured. In the second case, two strong teams exist at École Polytechnique (A LGORITHMIQUE ET OPTIMISATION at LIX
and one at CMAP31 ) and several other teams at LIX
have also developed expertise in the area ; working together towards a common goal would allow to scale
up their visibility. In the third case, a strong team at
LIX (H IPERCOM) collaborates closely with another
one at LRI, the computer science laboratory at Université Paris Sud and more loosely with C RYPTOLO 31

Chair at École Polytechnique are funded by an industrial partener or by a group of industrial partners.
Complex industrial systems is the first, already
existing chair, currently supported by Thalès. We
are actively working now for its renewal, possibly
with several industrial partners. Complexity of systems can be measured in various ways, but a system’s size, its structural complexity, and the heterogeneity (software/hardware) of its components are three
well-accepted measures. Many complex systems are
embedded, and therefore inherit the usual safety requirements for embedded software. Again, this area
needs skills from very different subareas of computer
science (automata’s theory, specification languages,
verification, software analysis) and control theory,
and the lab has strong teams in all these different
areas.
We have identified six areas in which we believe
that a chair can be setup. All these areas have to do
with complexity, complexity of software, of data, of
biological processes, of interactions, of communications, and some mix several of these different aspects
of complexity. We believe that there are hard scientific
problems in all these areas, which all need mathematical skills to be resolved. At the same time that there
is a clear existing or potential market for all of them.

Centre de Mathématiques Appliquées et Probabilités.
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1. Optimization is an interdisciplinary area where
the industrial demand for specialists and collaborations is highest. We are actively working
for structuring this research area and developing an optimization track at the master level
in collaboration with the department of applied
mathematics. We need manpower, in particular
at the senior level to help the current team leader Philippe Baptiste who will replace the current head of the lab soon.
2. Mobile Networks based on radio transmission
will be a main component of the so-called information society. These networks raise a num-
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ber of scientific questions, among which routing, quality of service and protection of the
information are the most important. Again, we
have started working on a specific master track,
as well as on a possible industrial support.
Software projects already exist, in the area of
ad’hoc networks, but manpower is needed too.
3. Security is a major issue in computer science,
which is closely related to the current technology based on a network infrastructure which
supports ubiquitous communications. This area
is therefore in close interaction with the previous one. The need for security (and for privacy) will grow with our uses. The laboratory
is quite strong in this area, with the C RYPTO LOGIE team which is at the top of the discipline, and the formal method groups that have
a very strong experience in analysing all kinds
of software models, either deterministic or probabilistic. It is not clear yet whether a chair
can be built, or if Mobile Networks and Security should be grouped together into a single
chair.
4. Complex Data Processing is a rapidly evolving area. The need for processing complex
data arises in particular from the numerous applications in which a 3D computer model of
the world is used. These models are becoming
more and more complex, made of highly parametrized numerical data that need to be efficiently represented and queried. These data can
therefore be seen as living in a metric space
whose dimension can be very large. This emerging area sometimes called geometry of information, has already become an extremely interesting source of scientific problems of a geometrical nature and has a high potential for many
important practical applications. Frank Nielsen
and INRIA colleagues have already submitted
an ANR project together, which structures the
emerging forces on the Plateau de Saclay in this
area and could rapidly lead to a new INRIA project.

in the HSS department at École Polytechnique.
Note that decision making requires a lot of software infrastructure and tools from all the above
areas that need to be integrated in some complex system. We have preliminary contacts with
a computer scientist who is also a specialist of
decision making and management, but are still
lacking the adequate person in distributed data
bases and web search, an extremely hot area indeed.
6. Bio-informatics is an important interdisciplinary area in which Microsoft has announced
its decision to support activities at École Polytechnique. There are two teams in this area at
École Polytechnique, one in computer science
and one in biology. Besides, there are other Digiteo teams or individuals at Université ParisSud as well as at INRIA. All these teams have
been loosely collaborating for some time already (common seminar and a few joint papers)
and aim at integrating their activities in a large
teaching and research project that would then
benefit from the existence of a chair supported by Microsoft Research. A preliminary research project has been submitted to INRIA,
but needs further elaboration before becoming
a new INRIA project/team located at École Polytechnique for one part and at Université Paris
Sud for the other part. Despite these moves,
it is still unclear whether these recent advances
will materialize in a near future.

For all of the candidate chairs mentioned above
(but organisations engineering) there is a clearly
identified potential leader : our strategy is to build on
our existing strengths, and to open the door to new
ideas and diversity. The last area needs a professorship to be created, and a professor to be hired and then
start the process of building a team and finally a chair.
Of course, we do not think that we will be able to put
up all these chairs during the next 4-years contract.
This is a long term goal, and we would like to see
5. Organizations Engineering is an emerging some significant progress towards this goal before the
area, at the frontier of several scientific sub- end of year 2012.
disciplines, distributed data bases, Web search,
The policy of École Polytechnique is to group
optimization, control theory and decision ma- chairs with high interaction potential into institutes.
king. While the first four are in information We hope to be able to setup an Institut des Systèmes
technologies, the last is in management, that is, Complexes soon.
147

WHAT’S NEXT ?

Personnel

the size of LIX has reached the size of CMAP and
CMAT combined, the reason is that LIX has a large
We now come to one important weakness of LIX : number of INRIA and CNRS researchers, and more
the investment of École Polytechnique in personnel. phd students and postdocs.
LIX has four full-time professors, one adminisOur goal with these comparisons is to emphasize
trative assistant and no computer engineer provided
the low level investment of École Polytechnique in
32
by École Polytechnique . To make our point, let us
personnel in our laboratory. The strong support of
compare our situation with that of the maths laboraboth CNRS and INRIA has allowed us a steady
tories, since our activities are similar in nature. École
growth and at the same time to constantly raise the
Polytechnique has two renown laboratories in maoverall quality of the lab. This stage is now over. We
thematics, CMAP for applied maths and CMAT for
need more permanent teaching staff from École Polypure maths, about the size of LIX altogether. CMAP
technique to help us with the teaching and adminishas 2 administrative assistants and 4 research engitrative tasks, and more research engineers to help our
neers, among which 5 are paid by École Polytechteams in their software developments. If the school
nique. CMAT has 2 administrative assistants and 4 endoes not fulfill its promises, we will not be able to
gineers, among which 5 are paid by CNRS. In total,
reach our goals.
CMAT and CMAP together have 4 administrative assistants and 8 engineers, one half paid by CNRS and
One may ask the question of what is more imthe other half by École Polytechnique. On January 1st, portant, support or teaching staff ? Both are. We des2008, LIX will have 4 administrative assistants (one perately need more support staff, and we desperately
paid by École Polytechnique, one by CNRS and two need more full-time teaching staff. École Polytechby INRIA), 5 engineers paid by CNRS, and two others nique puts a lot of pressure on its personnel for imon a temporary position paid by INRIA and Digiteo proving the teaching figures, increase the amount of
respectively. This shows the low support from École contract money, develop collaborations with foreign
Polytechnique to Computer Science in terms of sup- countries, etc. This needs a lot of devoted staff, and
port staff. The same is actually true of the full-time experience shows that people devoted to the school
teaching staff : we have only 3 full professors, one are usually those hired on a permanent basis by the
associate professor and three assistant professors (the school, the others being normally devoted to their
maths departments together have 8 full professors and own institution. Since there is few permanent teaching
2 associates). The rest of the teaching staff is made staff, a major weakness of the Computer Science deof researchers (mostly CNRS or INRIA) that hold a partment is the lack of devoted people. We think that
part-time position. Apart from a few exceptions (one we lack at least 3 (full-time) professors, 5 full-time
of the CNRS research directors is also the head of the professeurs chargés de cours and 3 (full time) maîtres
Master ISIC), these researchers have priorities that are de conférences to run the teaching department and ladifferent from those of the full-time teaching staff. If boratory smoothly.

32
We omit here for simplicity of our argument the other categories of personnel, maîtres de conférences and part time teaching
staff.
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List of Publications
We provide a list of the papers published by LIX researchers over the last four years. The list is sorted
according to the following categories.
– Books and chapters in books
– International journals
– National journals
– International conferences with proceedings
– National conferences with proceedings
– Dissemination
– PhD Thesis
– Miscellaneous
– External references
To make a clear distinction between the list of publications of the whole lab and the list of
logo in
publications provided by each of the team at the end of its report, we have added the
front of each item of the whole lab publication list

Books and chapters in books
2004
[

1] BAPTISTE , P., AND B RUCKER , P. HandBook of Scheduling : Algorithms, Models and Performance
Analysis. CRC Press, 2004, ch. Scheduling Equal Processing Time Jobs.

[

2] BAPTISTE , P., N ÉRON , E., AND S OURD , F. Modèles et algorithmes en ordonnancement. Exercice
et problèmes corrigés (18 auteurs). Ellipses, 2004.

[

3] J OUGLET, A., BAPTISTE , P., AND C ARLIER , J. HandBook of Scheduling : Algorithms, Models
and Performance Analysis. CRC Press, 2004, ch. Branch-and-Bound Algorithms for Total Weighted Tardiness.

[

4] L IBERTI , L. Introduction to Global Optimization. Sociedad Matematica Peruana, Lima, 2004.

[

5] L IBERTI , L., AND M AFFIOLI , F., Eds. CTW04 Workshop on Graphs and Combinatorial Optimization (Amsterdam, 2004), vol. 17 of Electronic Notes in Discrete Mathematics, Elsevier.

[

6] M ILLER , D. Overview of linear logic programming. In Linear Logic in Computer Science, T. Ehrhard, J.-Y. Girard, P. Ruet, and P. Scott, Eds., vol. 316 of London Mathematical Society Lecture
Note. Cambridge University Press, 2004, pp. 119 – 150.

[

7] M ILLER , D., AND P IMENTEL , E. Linear logic as a framework for specifying sequent calculus. In
Logic Colloquium ’99 : Proceedings of the Annual European Summer Meeting of the Association
for Symbolic Logic, J. van Eijck, V. van Oostrom, and A. Visser, Eds., Lecture Notes in Logic. A K
Peters Ltd, 2004, pp. 111–135.

2005
[

8] C AIRES , L., I TALIANO , G. F., M ONTEIRO , L., PALAMIDESSI , C., AND Y UNG , M., Eds. Automata, Languages and Programming, 32nd International Colloquium, ICALP 2005, Lisbon, Portugal, July 11-15, 2005, Proceedings (2005), vol. 3580 of Lecture Notes in Computer Science,
Springer.
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9] D ENG , Y., PALAMIDESSI , C., AND PANG , J. Compositional reasoning for probabilistic finitestate behaviors. In Processes, Terms and Cycles : Steps on the Road to Infinity, A. Middeldorp,
V. van Oostrom, F. van Raamsdonk, and R. C. de Vrijer, Eds., vol. 3838 of Lecture Notes in
Computer Science. Springer, 2005, pp. 309–337. http://www.lix.polytechnique.fr/
~catuscia/papers/Yuxin/BookJW/par.pdf.

[

10] F LIESS , M., J OIN , C., AND S IRA -R AMÍREZ , H. Closed-loop fault-tolerant control for uncertain
nonlinear systems. In Control and Observer Design for Nonlinear Finite and Infinite Dimensional
Systems (2005), pp. 217–233.

[

11] G AUDRY, P. Chapter 7 : Hyperelliptic curves and the HCDLP. In Advances in Elliptic Curve
Cryptography (2005), I. Blake, G. Seroussi, and N. Smart, Eds., vol. 317 of London Mathematical
Society Lecture Note Series, Cambridge University Press. In press.

[

12] M ORAIN , F. Elliptic curves for primality proving. In Encyclopedia of cryptography and security,
H. C. A. van Tilborg, Ed. Springer, 2005.

[

13] N ÉRON , E., A RTIGUES , C., BAPTISTE , P., C ARLIER , J., D EMASSEY, S., AND L ABORIE , P.
Topics in modern project scheduling. Kluwer, 2005, ch. Lower bounds computation for RCPSP
chapitre de Topics in modern project scheduling.

[

14] P OULALHON , D., AND S CHAEFFER , G. Counting, coding, and sampling with words. In Applied
Combinatorics on Words, J. Berstel and D. Perrin, Eds. Cambridge University Press, 2005.

2006
[

15] BAPTISTE , P., L ABORIE , P., PAPE , C. L., AND N UIJTEN , W. Handbook of Constraint Programming. Elsevier, 2006, ch. Constraint-Based Scheduling and Planning.

[

16] D I C OSMO , R., AND M ILLER , D. Linear logic. In The Stanford Encyclopedia of Philosophy, E. N.
Zalta, Ed. Stanford University, 2006.

[

17] FAIGLE , U., L IBERTI , L., M AFFIOLI , F., AND P ICKL , S. Special issue preface : Graphs and
combinatorial optimization. Discrete Optimization 3 (2006), 179.

[

18] F ILLIÂTRE , J.-C., PAULIN -M OHRING , C., AND W ERNER , B., Eds. Types for Proofs and Programs, International Workshop, TYPES 2004, Jouy-en-Josas, France, December 15-18, 2004, Revised Selected Papers (2006), vol. 3839 of Lecture Notes in Computer Science, Springer.

[

19] L AVOR , C., L IBERTI , L., AND M ACULAN , N. Computational experience with the molecular
distance geometry problem. In Pintér [486], pp. 213–225.

[

20] L IBERTI , L. Writing global optimization software. In Liberti and Maculan [21], pp. 211–262.

[

21] L IBERTI , L., AND M ACULAN , N., Eds. Global Optimization : from Theory to Implementation.
Springer, Berlin, 2006.

2007
[

22] FAIGLE , U., L IBERTI , L., M AFFIOLI , F., AND P ICKL , S. Special issue preface : Graphs and
combinatorial optimization. Discrete Applied Mathematics 155 (2007).

[

23] F LIESS , M., AND S IRA -R AMIREZ , H. Closed-loop parametric identification for continuous-time
linear systems via new algebraic techniques. In Continuous-Time Model Identification from Sampled Data (2007), H. Garnier and L. Wang, Eds.
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2008
[

24] C. L AVOR , L. L IBERTI , N. M. An overview of distinct approaches for the molecular distance
geometry problem. In Floudas and Pardalos [495]. to appear.

[

25] L IBERTI , L., AND M ACULAN , N. Special issue preface : Reformulation techniques in mathematical programming. Discrete Applied Mathematics (2008). in preparation.

[

26] S HERALI , H., AND L IBERTI , L. Reformulation-linearization methods for global optimization. In
Floudas and Pardalos [495]. to appear.

International journals
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[

27] BANK , B., G IUSTI , M., H EINTZ , J., AND PARDO , L. M. Generalized polar varieties and an
efficient real elimination procedure. Kybernetika 40, 5 (2004), 519–550.

[
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OR Spectrum 26 (2004), 251–262.
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[

33] C HASSAING , P., AND S CHAEFFER , G. Random planar lattices and integrated superbrownian excursion. Probability Theory and Related Fields 128, 2 (2004), 161–212.

[

34] C ORTEEL , S., G OUPIL , A., AND S CHAEFFER , G. Content evaluation and class symmetric functions. Advances in Mathematics 188, 2 (2004).
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in Operations Research 11, 1 (2004), 34–41.

[
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