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I Overall Network

I.1 Grantee: Jacques Hurtubise, Centre de Recherches Mathématiques,
Université de Montréal

I.2 Network for Computing and Mathematical Modeling (ncm2 )/Réseau de
Calcul et de Modélisation Mathématique(rcm2) (NET200815)

I.3 Investigators in the Network

The network is built around seven research and transfer centres in the Montreal area, which pro-
vide the basic infrastructure for the network:

• CERCA: Centre de Recherche en Calcul Appliqué
• CIRANO: Centre Interuniversitaire de Recherche en Analyse des Organisations
• CRIM: Centre de Recherche Informatique de Montréal
• CRM: Centre de Recherches Mathématiques
• CRT: Centre de Recherche sur les Transports
• GERAD: Groupe d’Études et de Recherche en Analyse des Décisions
• INRS-TÉLÉCOMMUNICATIONS: Institut National de la Recherche Scientifique- Télécom-

munications

Of the members of these research centres, those currently participating in research projects tied
to the ncm2 ’s NSERC network grant are given below. Note that the members of the INRS and of
the CRIM will only be coming on stream in January 2001. Themes: (A) Risk management;(B) In-
formation Processing, Imaging, Parallel Computing; (C) Transportation and Telecommunications
(D) Health.

INVESTIGATOR CENTRE UNIV. THEME

Audet, C. GERAD Poly C
Benali, H. CRM UdeM B
Bengio, Y. CRM UdeM A,B
Boyer, M. CIRANO UdeM A
Breton, M. GERAD HEC B
Brimberg, J. GERAD U.PEI C
Cordeau, J. F. GERAD HEC C
Côté, J. Env. Can. A
Crainic, T. G. CRT UQAM C
Delfour, M. CRM UdeM B,D
Desaulniers, G. GERAD Poly C
Desrosiers, J. GERAD HEC C
Detemple, J. CIRANO McG. A
Dionne, G. CRT HEC A

INVESTIGATOR CENTRE UNIV. THEME

Dssouli, R. CRM UdeM B
Ferland, J. CRT UdeM D
Florian, M. A. CRT UdeM C
Fluet, C. UQAM B
Fortin, M. GIREF Laval B
Gagnon, L. CRIM B
Garon, A. CERCA Poly D
Garcia, R. CIRANO UdeM A
Gendreau, M. CRT UdeM A,C,D
Gendron, B. CRT UdeM C,D
Ghysels, E. CIRANO UdeM A
Goulard, B. CRM UdeM B
Hansen, P. GERAD HEC B,C
Jaumard, B. GERAD Poly C,D
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Keller, R. CRT UdeM C
Kerhervé, B. UQAM C
Langevin, A. GERAD HEC A
Lapierre, S. CRT Poly D
Laporte, G. CRT HEC C
Léger, C. CRM UdeM C
Lesage, F. CRM Lockh. B
Lin, C. CERCA McG. A, B
Lina, J.-M. CRM UdeM B
Marcotte, O. GERAD UQAM B,C
Marcotte, P. CRT UdeM C
Nekka, F. CRM UdeM B

Patera, J. CRM UdeM B
Pelletier, D. CERCA Poly D
Pesant, G. CRT Poly C, D
Renaud, E. CRT UdeM A
Savard, G. GERAD Poly A,C
Shahbazian CRM Lockh. B
Sinclair-
Desgagné, B. CIRANO Poly A

Soriano, P. GERAD HEC D
Soumis, F. GERAD Poly C
Vincent, A. CERCA UdeM A
Vovor, T. Poly A

I.4 Budget for the Overall Network, and its Administrative Centre

The year ends March 31. All amounts in year 5 are planned, and have not yet been approved
by the Board. Partner amounts, cash and in kind: only contributions to projects funded by the
NSERC grant are counted. In addition to the amounts below, the Laboratoires Universitaires Bell
awarded 2.74M in industrial contributions to ncm2 projects in 1998-2000 (see section I.5).

I.4.1 Overall Network

. . . . .
Year NSERC NSERC NSERC

award expended (to date projected Partner Partner
in current year) to year end (cash) (in kind)

97-98 600,000 385,745 - 652,956 503,450
98-99 648,894 764,293 - 636,702 466,850
99-00 648,894 540,675 - 552,199 432,560
00-01 648,894 237,467 687,600 737,450 423,450
01-02 648,894 - 648,894 - -

I.4.2 Administrative Centre

. . . . .
Year NSERC NSERC NSERC

approved expended (to date projected Partner Partner
by board in current year) to year end (cash) (in kind)

97-98 30,000 25,580 - 0 37,000
98-99 40,000 43,952 - 4,000 37,000
99-00 40,000 50,279 - 13,500 37,000
00-01 63,600 41,039 63,600 33,000 37,000
01-02 63,600 - 63,600 33,000 37,000
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Notes: 1) In kind: contributions from participating research centres. Reflects the real commitment
of administrative staff, beyond what is paid for by the ncm2 .

I.4.3 Central Network Scientific Activities.

This budget covers activities such as distinguished lectures, workshops, etc. related to the whole
network.

. . . . .
Year NSERC NSERC NSERC

approved expended (to date projected Partner Partner
by board in current year) to year end (cash) (in kind)

97-98 0 7,213 - 0 0
98-99 43,000 12,454 - 29,431 0
99-00 43,000 26,739 - 26,540 0
00-01 46,000 15,138 46,000 7,000 0
01-02 35,000 - 35,000 7,000 0

I.5 Achievements of the Objectives of the Network

Our previous report to NSERC two years ago began with the following sentences: “Since its in-
auguration in the fall of 1997, the ncm2 has had an enormous impact on the applied mathematics
community in Montreal, and has in many ways redefined the whole mode of industrial collab-
oration in the sector. NSERC’s seed contribution has paid off.” This statement, in our opinion,
continues to hold. We hope that this report, which concentrates on the period Jan 1, 1999- Dec.
31, 2000, will illustrate it.

The ncm2 was founded as a consortium of five Montreal-based research and technology trans-
fer centres: CRM, CRT, CERCA, CIRANO, and GERAD, and has since acquired two new mem-
bers: CRIM and INRS-Télécommunications. Beyond the obvious objective of

(0) promoting the creation and dissemination of first-class science,

the original objectives were, roughly, four-fold:

(i) To reinforce the participating centres in their industrial partnerships, and to develop new
interactions between these centres.

(ii) To provide a one-stop approach for the industrial partners, giving them simultaneous access
to a wide variety of mathematical techniques, and thus a multi-disciplinary approach to their
problems.

(iii) To promote the training of highly qualified personnel, at the graduate and post-doctoral
levels.

(iv) To achieve “technology transfer” of advanced mathematical techniques in industrial appli-
cations.

These objectives continue to be reached through the network activities, and principally through
the various projects that it funds, as detailed below. We first would like to give an outline of some
important recent developments of the network.
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PROJECT RENEWAL. As the first three years of the network came to a close, many projects in the
initial proposal were coming to fruition, and a new call for proposals was sent out. The projects
were refereed, then adjudicated by an extended scientific committee comprising the members of
the ncm2 ’s scientific committee and three outside members. The system set up allows for projects
of one or two years’ duration; two-year projects must submit an interim report after a year. Longer
projects are possible, as a sequence of two-year projects. Apart from the usual criteria for selection
of scientific quality, training of highly qualified personnel and industrial involvement, an explicit
criterion was introduced of participation within the projects of more than one of the network’s
member centres, so as to encourage multi-disciplinary work and intercenter collaboration. The
criterion is now mandatory, from this year. This answers one of the comments of the previous
report, which was that it was difficult to distinguish the research of the centres from that of the
network. Several large scale projects have been started which involve a strong multi-disciplinary
component: the health and nowcasting projects (see below) are two examples. In general, the
more recent projects exhibit a much more multi-disciplinary aspect, so that the transition to an
effective network is indeed taking place.

An additional criterion this year will be the integration of new faculty into the network. The
whole university system is growing apace after several years of stagnation, and the network needs
the new personnel.

The transition to a steady regime has been successful: half of the ncm2 ’s projects will come
to maturity this year, and another half in the following year.

LABORATOIRES UNIVERSITAIRES BELL (LUB). A large amount of effort has been expended
in the past two years in setting up the Laboratoires Universitaires Bell, which is now a division
of ncm2 . This laboratory was founded thanks to a major investment of $12M. in 1998 from
Bell Canada, which will be spent over four years. While NSERC funds from the present grant
are not being used in LUB (apart from one project), the NSERC stamp of approval, and the
preexisting structure that it financed, were key factors in this development, a striking example of
its importance in providing initial funding. The Laboratory’s activities are not included in the
academic and financial report of the network given in this document; nevertheless, as it has been
an important component of our efforts, some summary of its activities is given now. The model
has many virtues, in particular in the areas of expertise of the network: we provide expertise that
is essential to Bell, but which is not at the core of the business. The model of the university
laboratory, tied to research centres, is a very good one, as it provides easy access to a whole pool
of researchers; it also provides for some continuity in the interaction.

Projects. The main thrust of the laboratory has been to foster research projects. The areas cov-
ered include electronic commerce (high level combinatorial auctions, reliability testing, aperiodic
encryption, speech recognition), multi-media applications (medical imaging, construction sector,
wireless multimedia), software engineering (re-use, quality evaluation, object oriented systems,
mobile agents), telecommunications and transportation (regional networks, intelligent transporta-
tion systems), datamining.

Infrastructure. A CFI grant of $740,000, with matching funds of $570,000 from Quebec and
private funding of $539,000 (almost all Bell) , was obtained to establish two basic laboratories,
one in e-commerce and experimental economics, and another in multimedia research. The first
allows for experimental protocols to test and validate tools in such areas as on-line auctions; the
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second is an all-purpose tool for development.
Academic positions. A third of Bell’s contribution has been slotted toward the establishment of

academic positions in participating universities. These are to be in the general area of e-commerce.
A first series of three chairs have been opened at McGill, with interviews taking place next spring.
The others are to be located at the Université de Montréal, UQAM and Laval.

OTHER MAJOR INITIATIVES. Discussions are underway with two other major partners: Hydro-
Québec and Environment Canada, and it is fair to say that both proposals were enthusiastically
received. They are now being pursued. The range of possible projects outlined to Hydro covers
most of their domains of activity, and ranges from finance to management of hydrological basins.
For Environment Canada, one of the big trends in meteorology in the next few years will be
the integration of forecasts with services, and here is where the network’s array of expertise is
particularly useful.

INFRASTRUCTURE. The ncm2 was one of the foci for the Quebec universities Réseau de Calcul
à Haute Performance (RQCHP) initiative, which has been funded by the CFI. To this one should
add the two ncm2 LUB laboratories, built as a result of network initiatives.

VALORISATION RECHERCHE QUÉBEC. The Quebec government has launched a new program-
me, Valorisation Recherche Québec, which funds targetted initiatives for a four-year period.
The ncm2 partners have submitted several large projects in areas of interest to the network: e-
commerce, datamining, medical imaging and risk analysis. They are awaiting adjudication.
NEW RESEARCH DIRECTIONS. By its very nature, mathematical modeling is always in search
of new applications, and so the network’s research themes have expanded somewhat. One new
direction that has been officially recognised is that of e-commerce. This has developed in great
part as a result of our partnership with Bell Canada. Another theme which has made an appearance
is that of health. This is viewed as an important area of application for modeling, with interesting
and important questions touching upon economics, operations research and statistics.

THE NETWORK OBJECTIVES. A scientific report (“objective 0”) on the projects’ accomplish-
ments is given in the sections dealing with individual themes. We review here the other four
general objectives of the network mentioned above, and how they are being attained:

(i) As we have seen, collaboration between centres is taking place on a set of major research
initiatives, (LUB, Hydro-Québec, Environment Canada, VRQ) and on infrastructure initiatives.
The collaboration is also taking place scientifically, for example in the areas of finance, imaging,
health and nowcasting.

(ii) The attractiveness of the one-stop approach for industrial partners is amply demonstrated
by the establishment of LUB. The interest expressed by other large industrial partners such as
Hydro-Québec and Environment Canada are also substantial evidence. More anecdotally, during
a recent meeting at CIRANO to discuss finance, representatives of Bombardier talked briefly about
their operations research problems. They were then directed to the ncm2 partners at GERAD, with
the end result that research will now be done in Canada instead of the United States.

(iii) The training of highly qualified personnel has always been a strong point of the centres.
During the last two years, 25 post-doctoral fellows and 54 graduate students have participated in
projects financed by the ncm2 . Of these students and fellows, 53 were funded fully or in part by



I.6 OVERALL NETWORK: Network Management and Budgeting 6

the ncm2 . The students are circulating within the centres and attending the various ncm2 events.
Two open house events designed for participating students have been organised, so as to have
them see what research is done in the various network centres. More are in the offing.

(iv) The increased application of sophisticated mathematical techniques is an essential tool in
maintaining a competitive edge. The economic impact of this can be enormous, compared to the
financial outlay in the elaboration of the tools. The injection into the Montreal talent pool of a
large number of well-trained graduates is of considerable importance in a sector where the demand
outstrips supply by a factor of about two to one. The areas in which these people are employed
are crucial ones in a knowledge-based economy such as telecommunications, computers, and
banking. Finally, another major impact of the ncm2 has been in the consolidation and organisation
of research in the Montreal area. It is a more intangible asset, but one which, in the end, will have
no less economic value.

I.6 Network Management and Budgeting

Since the last report, the ncm2 has incorporated itself. It now has as organs of management a Board
and an Executive Committee, assisted by the Scientific Committee. The Board comprises the
directors of the member research centres as well as senior representatives of the user community,
from the private and public sector. The Board sets policy, makes all major decisions, and approves
recommendations of the Scientific Committee. The Scientific Committee is composed of the
president of the ncm2 , its executive director, its head of administration and representatives of
the research themes. Its main responsibilities are the organisation of Network activities and the
adjudication of projects. It meets three or four times a year.

The principal motivation of incorporation were the requirements for setting up the LUB. The
LUB exists as a separate division of the ncm2 ; it has two levels of management, an executive level,
the Directoire, and a larger board-like group, the Comité de Gestion, which approves projects and
sets policy.

Priorities for the network are established in the main through interaction between the various
centre directors. One useful vehicle was the Network Conference, a one and a half day event held
for the first time last spring. The first half day was a joint meeting of the board and the scientific
committee, at which such things as long term priorities, new directions and major initiatives were
discussed.

The administration of the network is handled through the CRM, with several of its staff being
allocated part-time to run the ncm2 . Individual projects are managed through the centre of their
project leader.

ADMINISTRATIVE PERSONNEL: (all part-time)

President: Jacques Hurtubise (*)
Executive Director: André Biron (*)

Head of Admin.: Béatrice Kowaliczko (*)
Secretary: Muriel Pasqualetti
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BOARD The members of the Executive Committee are designated by an asterisk.

Marcel Boyer, Chair (CIRANO) (*)
Jacques Hurtubise, (CRM) (*)
Jean-Jacques Rousseau (CERCA) (*)
Michel Gendreau (CRT)
Pierre Hansen (GERAD)
Yves Sanssouci (CRIM)

André Girard (INRS)
Marcel Messier (Bell )
Daniel Leclair (Hydro-Québec)
Michel Béland (Environment Canada)
Jean-Marc Rousseau (Giro)
Claude Chavarie (Dir. Research, Poly)

SCIENTIFIC COMMITTEE

Jacques Hurtubise
André Biron
Bernard Sinclair-Desgagné (CIRANO)

Bernard Goulard (CRM)
Brigitte Jaumard (GERAD)
Béatrice Kowaliczko

ADMINISTRATIVE ISSUES: One issue faced by the network was the extra administrative burden
imposed by incorporation, in particular tax issues. Some outside help was required in dealing with
the latter. After an occasionally complicated first year, these questions are now settled.
Another issue that was dealt with was that of project renewal. The addition of outside refereeing
and outside membership to the scientific panel was very useful, as it, along with NSERC-style
conflict rules, brought a certain guarantee of objectivity which is very reassuring to the network
investigators. The passage to a format with regular reports from the projects was important in
providing more reliable information to the network centre, an improvement which we hope is
reflected in this document. The reports are kept short, to reduce the administrative load on the
researchers.
The establishment of the LUB required some major adjustments and working through. The modal-
ities established give the basis for the establishment of other large university laboratories. The
incorporation of new centres into the fold has not been a major problem.
It is fair to say that the last two years have seen the emergence of a true network spirit, as exem-
plified by the number of initiatives that have emerged.

I.7 Networking

I.7.A. A SUMMARY OF NETWORKING ACTIVITIES.
In addition to the initiatives described above, the ncm2 has organised over the past two years the
following activities:

• Conferences, workshops, seminars. A variety of workshops have taken place over the last
two years or are planned in relation to ncm2 activities: Optimization Methods For Wireless
Networks ( December 14-16, 1998), Journée de conférences sur l’apport des techniques
d’optimisation pour une meilleure gestion hospitalière (March 19, 1999), L’économie et
la gestion des risques environnementaux (June 21-22,1999), Nowcasting (November 25,
1999). Several activities are planned for next term: a health workshop on the theme of
optimisation of schedules and one on imaging, to anchor an ncm2 collaboration with the
groups at the Pitié-Salpêtrière.
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In addition ncm2 sessions were organised at regular scientific society meetings: the Journées
de l’optimisation (May 2000) , and the Canadian Mathematical Society, at which the ncm2

also sponsored a public lecture by Jennifer Chayes (Microsoft) (December 1999)

• Ateliers autour de midi. This has been a series of one-day sessions with a guest speaker who
first gives an introductory course in the morning, followed by a more specialised talk in the
afternoon. The main theme has been wavelets (Speakers: Brani Vidakovic, Wim Sweldens,
Hugh Chipman). A longer course was given in May 2000 by Alain Arneodo on wavelet
techniques in genomics.

• Distinguished speakers. The ncm2 has established a distinguished lecture series. Following
on Ralph Roskies of the SuperComputing Centre in Pittsburgh (“High performance comput-
ing, the scientific imperative”) and Alain Bensoussan, president of France’s Centre National
d’Études Spatiales (“Problèmes de mathématiques appliquées dans le secteur spatial”), the
speakers of the last two years have been: Prof. Habib Benali, CHU Pitié-Salpêtrière Paris,
(“ L’imagerie neurofonctionnelle : méthodes et applications”), Prof. Darrell Duffie, School
of Finance, Stanford University, (“Default Timing and Valuation”), Dr. Richard Anthes,
UCAR, Colorado (“Global Weather Services in 2025”), Prof. Michel Balinski, CNRS &
Laboratoire d’économétrie, École Polytechnique (Paris), (“Axiomatique appliquée: équité
et autres applications”), Prof. Martin Grötschel, Konrad-Zuse-Zentrum für Information-
stechnik and Technische Universität Berlin, (“Designing Telecommunication Networks:
Modelling Issues, Mathematical Problems, and some Solutions”), Prof. Geoffrey Hinton,
Gatsby Computational Neuroscience Unit, University College London (”Training Products
of Experts by Maximizing Contrastive Likelihood”).

• Forum on Employment. A one-day workshop on perspectives in industrial employment was
held for students and post-doctoral fellows in January 2000, co-sponsored by CERCA and
the ncm2 .

• Multi-institutional initiatives. The ncm2 is currently developing some joint workshops with
Minnesota’s IMA for 2002 in operations research. Together with our partners at Lockheed
Martin, we will be co-hosting the 2001 Data Fusion conference in Montreal.

• Open houses. Two network open houses have been organised, at the GERAD and the CRM,
for students from the network’s other centres.

• Network conference. As noted above, in mid-April 2000, a short network conference was
held at the Gault estate at Mont Saint-Hilaire, which doubled as a retreat for the directors
and the scientific committee.

I.7.B. A WELL-INTEGRATED NETWORK. A strong multi-disciplinary approach based on inter-
actions between the participating centres, and involving their various areas of expertise, is being
developed. Joint projects in areas such as finance, (integrating traditional econometric techniques
with machine learning), health (operations research, economics), nowcasting (numerical compu-
tation and operations research), brain imaging and plasticity (optimisation techniques along with
image analysis) are a few examples.
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The breadth of the network’s expertise is one of its main attractions for industrial partners. One
of our foci of attention has been the establishment of long-term, institutionalised, well anchored
industrial partnerships. For these, the industry representatives participate quite actively in the
activities of the network, so that there is, for example, a fairly constant interaction between the
Bell researchers and ncm2 partners. Some industrial researchers are working on-site; Atlantic
Nuclear Services, for example, has set up a small subsidiary to coordinate its research. There are
also several industrial contractual employees spending all their time at the University on ncm2

projects. Other instances of close collaborations occur with spin-offs such as AD OPT and GIRO.
For these, this synergy is an essential aspect of their long-term health; the techniques that they
will use to remain ahead of the competition in five years are being developed now in the centres;
this is likely to be also the case for the eventual Bell spin-offs.
Mathematical modeling, by its very nature, is protean, adapting to the questions at hand. The
network has evolved in a concurrent fashion. To the original five centres, two new ones were added
as part of the Bell project. It is quite likely that a new research group, involving the meteorological
researchers at McGill and UQAM, will come in as part of the Environment Canada project.
The network’s main product is mathematical expertise, so that transfer takes place every time a
technique is applied. One of our main vehicles for transfer, of course, is provided by our students.
Over the four years so far, 134 students and postdoctoral fellows have worked in ncm2 projects.
I.7.C. AN EXAMPLE. A particularly felicitous example of the advantages of the network approach
is given by the example of the nowcasting project (A6). The first ingredient is opportunity: the
increasing precision of short term forecasts is making possible a whole range of viable services,
and this is an important trend in the forecasting community. This is combined with the presence,
within the network, of precisely the expertise that must be combined: meteorology, operations
research, and risk analysis. A day long workshop was then organised, with some invited speakers,
and the various interested parties. A project, involving researchers from CERCA, CIRANO, CRT
and GERAD emerged, which will serve as a pilot for developing an extended collaboration, with
Environment Canada as a major partner. Aspects of this pattern can be found in several other
projects: an initial health workshop led to developing a significant project with the CHUM hos-
pital health consortium; the project in brain imaging incorporates optimisation expertise to study
plasticity.

I.8 Accessibility of results

WITHIN THE SCIENTIFIC COMMUNITY. The means chosen here are the standard ones of scien-
tific publications, scientific seminars, etc. The participating centres are already well equipped to
help with this diffusion, via their preprint series and Web sites. The ncm2 also has a Web site, on
which all the projects current or completed are listed and described, with links to the researchers
sites (http://www.crm.umontreal.ca/rcm2/Recherche fr.html; the full descriptions of most of the
projects is in French, with summaries in English). The site, we feel, now provides an excellent
overview of the research in the network. A small brochure was also produced, for dissemination
to various partners, in particular prospective industrial partners.
BETWEEN THE PARTNERS IN THE NETWORK. The means chosen to do this have been outlined
above: method-oriented workshops, special short meetings on a theme, weekly seminar series,
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distinguished lecture series. The main vehicle, of course, remains the direct meetings with the
scientific personnel.
PUBLIC AWARENESS. UNESCO has declared that the year 2000 should be the World Mathe-
matics Year. As part of a public awareness campaign, several activities were organised, among
them a poster campaign for the Montreal metro, and a 36-page insert for Québec Sciences. The
ncm2 contributed to both events. In addition, individual network members contributed to the cam-
paign. The posters, for example, designed by Stéphane Durand of the CRM, won first prize in the
European Mathematical Society competition and are now being displayed all over Europe.

II Individual Themes

We give here a report on projects finished over the last two years, or currently running. As noted
above, the network themes covered are A-Risk Management, B-Information Processing, Imaging,
Parallel Computing, C-Transportation and Telecommunications D-Health. There is a fifth theme,
that of electronic commerce, which for the moment is not funded by the Network grant, and so is
not reported on here.

II.A Theme A - Risk Management

II.A.1 Leader: Bernard Sinclair-Desgagné, École Polytechnique and CIRANO

II.A.3 Co-Investigators

INVESTIGATOR CENTRE UNIV.

Bengio, Y. CRM UdeM
Boyer, M. CIRANO UdeM
Cote, J. Env. Can.
Detemple, J. CIRANO
Dionne, G. CRT HEC
Garcia, R. CIRANO UdeM
Gendreau, M. CRT UdeM
Ghysels, E. CIRANO

INVESTIGATOR CENTRE UNIV.

Langevin, A. GERAD Poly
Lin, C. CERCA McG.
Renaud, E. CRT UdeM
Savard, G. GERAD Poly
Sinclair-Desgagné, B. CIRANO Poly
Vincent, A. CERCA UdeM
Vovor, T. Poly

II.A.4 Budget

Year NSERC, approved by Board Industrial Partner (cash) ncm2 -NSERC spent
97-98 263,000 279,284 109,553
98-99 248,567 331,572 384,580
99-00 273,615 304,036 234,496
00-01 252,000 315,500 105,117
01-02 90,000

The amounts approved by the Board were those recommended by the scientific committee. For
the fifth year, the amounts are those allocated, conditionally, to ongoing projects.
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II.A.5 Progress Report

The first theme in the original application, that of risk management, incorporated a variety of
problems related to financial, insurance, technological or environmental risk. While the problems
can differ quite widely, there are many common methods, for example in the modeling of indi-
vidual attitudes towards risk, or the use of such techniques as neural networks. The report covers
current projects, and those which have finished in the last two years.

A1. PORTFOLIO MANAGEMENT WITH LEARNING ALGORITHMS
Principal Investigator: Yoshua Bengio (CIRANO, CRM) Senior Collaborator: René Garcia
(CIRANO) Partner: Hydro-Québec Status of project: Current
Motivation: The confidence level that can be associated to decisions from a learning algorithm is
important for a portfolio manager to decide whether or not to follow the computer’s recommen-
dations.
Objectives: 1) Improve methods for estimating confidence level intervals for some non-linear
models. 2) Use those methods to provide confidence level intervals, reduce risks in portfolio
management decisions, and even improve the quality of those decisions through the combination
of several methods with established confidence level intervals. Two types of algorithms are pro-
posed: a parametric Bootstrap based on IOHMMs (input/output hidden Markov models) and a
non-parametric Bootstrap.
Main results: 1) An original method to optimize hyper-parameters in learning algorithms [J4, C2,
C3]. 2) Applications to financial series of returns [J3, J5, C15, C5, C16, C6, M2]. 3) Improved sta-
tistical inference on error estimates for the generalization of learning algorithms [J36, M1, C19].
A learning algorithm simulation tool, called AD (for Adaptive Deciders), has been provided, in-
cluding implementations of [J3, J37].

A2. RISK ANALYSIS FOR VEHICLE FLEETS
Principal Investigator: Georges Dionne (CRT) Senior Collaborators: Jean Pinquet (Théma, U.
Paris X Nanterre), Claude Fluet (UQAM) Partner: Société de l’assurance automobile du Québec,
AXA Insurance Status of project: Current
Motivation: While several studies have examined the behaviour of drivers, very little work has
been done to tackle the question of vehicle fleets relative to risk of accidents.
Objectives: Develop a method of assessment for risk of accidents of road carriers and apply
the model to Quebec data. The project uses access to all available SAAQ data from 1990 to
1997. In the first phase, a statistical model is developed to link breaches of the law by drivers and
carriers to the risk of accidents for carrier vehicles. This includes the impact of decisions taken for
maintenance, loadings and stowing. Another challenge is to assess the weight given to statistical
information (individual and collective) for fixing rates.
Results: 1) An analysis of the risk of fleets of rental vehicles. [M5, M6] 2) Computations of risk
indicators for vehicle fleets. [J34, J35, J24, J25] 3)A detailed explanation for the size effect of
fleets on accidents. 4) A conclusion relative to the effect and temporal stability of the weights
given to the various breaches of the law for carriers and drivers, and to accidents in a continuous
assessment process. 5) A model which allows taking into account in a dynamic manner the effects
of a risk assessment policy on the behaviour of owners and operators. Early results for 3),4) 5) are
in [J22, J23, J18]; presentations have also been made of results in [M3, C9, C10, C11, C12, C13,
M4].
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A3. VALORIZATION OF OPTIONS WITH PARAMETRIC AND NON-PARAMETRIC METH-
ODS
Principal Investigator: René Garcia (CIRANO) Senior Collaborators: Yoshua Bengio (CRM,
CIRANO), Jérôme Detemple (CIRANO), Eric Ghysels (CIRANO), Eric Renault (Université de
Montréal). Partner: Hydro-Québec. Status of project: Current
Motivation: To pursue the study of imposing limited theoretical restrictions in the non-parametric
estimate of option prices. Also to analyse the dynamics of option prices.
Objectives: 1) Develop methods to obtain non-parametric formulas for the valorization of options
which will reduce covering errors. 2) Analyse and exploit the panel structure of the data to attempt
more efficient estimates of these functions, either through non-parametric or parametric methods.
Main results: 1) Using non-parametric models to assess American and European options, it is
concluded that there are important differences between the predictions of parametric and non-
parametric models. [J19, J20] 2) For American options, theoretical models lead to complex ex-
pressions which are difficult to assess. The necessity of including stochastic volatility is sug-
gested. [J19, J20] 3) Some a priori restrictions provided by the theory may improve the perfor-
mance of non-parametric models. [[J28]. 4) Parametric models with leverage effects can ex-
plain asymmetric smiles [J29] and improve pricing performance [M7]. Related publications are
[J21, J31, J30, C17]; results were presented in [M8, C18, M9, M10].

A4. POLLUTANT TRANSPORT IN THE HIGH ATMOSPHERE
Principal Investigator: Alain Vincent (CERCA) Partner: Environment Canada. Status of project:
Completed.
Objective: Improve the reliability of numerical simulations for the transport of chemicals or
aerosols in the high atmosphere.
Results: Study of ozone measurements mainly in an area near the Pole. Satellite data is used
for the ozone concentration and winds [S13]. It has been shown that the meridional turbulent
diffusion is reduced at the boundary of the stratospheric polar vortex through a mixing effect
[C32, J43, C29]. A kriging method has been proposed for reconstruction [C30]. A diagnostic tool
has been developed for the validation of ozone analysis in the stratosphere [M13].

A5. FLOOD RISK
Principal Investigator: Charles Lin (CERCA) Senior Collaborators: Kao San Yeh (CERCA,
Environment Canada), Michel Béland (CERCA) Partner: Environment Canada Status of project:
Current
Motivation: Formulate a flood forecasting modeling system for environmental risk management.
Objectives: Couple a high resolution regional atmospheric model (MC2) to a hydrological model
(WATFLOOD) to simulate severe precipitation and flash floods. The interface between the models
is a common land surface scheme. A parallel project is being carried out with the Atmospheric
Environment Service of Environment Canada in formulating the non-hydrostatic component of
the Global Multiscale Environmental (GEM) model (formerly GEF: Global Éléments Finis). This
version of GEM will allow for a better high resolution simulation of precipitation systems.
Results: The high resolution meteorological model (MC2) has been tested with two land surface
schemes: the Force-restore method and the Canadian Land Surface Scheme (CLASS). The model
is applied to the severe precipitation case that lead to the Saguenay flood in Quebec in 1996. The
results show that MC2/CLASS at 10 km resolution performs as well as MC2/Force-restore at
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5 km. The reason is that CLASS represents the land surface vegetation characteristics in a more
sophisticated manner than the Force-restore method. Our results [J44, J14] suggest that the impact
of land surface schemes could be significant in short-range precipitation forecasts, especially in
regions with complex vegetation variations. The results were presented at [C33, C34, C24, C25]

A6. NOWCASTING AND DECISION-MAKING FOR ENVIRONMENTAL PROBLEMS
Principal Investigator: Charles Lin (CERCA) Senior Collaborators: Michel Gendreau (CRT),
André Langevin (GERAD), Bernard Sinclair-Desgagné (CIRANO), Alain Vincent (CERCA) Part-
ner: Environment Canada Status of project: New
Motivation: A collaborative initiative which involves researchers from four ncm2 centres ( CRT,
CERCA, GERAD, CIRANO) and focuses on nowcasting (short term weather forecasting) and
real-time decision making.
Objectives: 1) Examine the strategy for the dissemination of short term scientific weather pre-
dictions, using the 1996 Saguenay flood as the case study. 2) Perform a cost-benefit study to
determine the value of short term weather and hydrological information. 3) Combine nowcast-
ing information from weather radars and numerical models, and operations research methods, for
winter road maintenance in Montreal.
Expected Results: 1) Coupling of meteorological and hydrological models for severe precipita-
tion and flood prediction. 2) Cost-benefit analysis of the value of short term meteorological and
hydrological prediction for severe precipitation and floods, using the Saguenay flood as a case
study. 3) Application of a combination of numerical models and radar estimates of precipitation
with operations research methods to winter road maintenance in Montreal.

A7. HYDROELECTRIC MANAGEMENT OF A VALLEY
Principal Investigator: Michèle Breton (GERAD) Partner: CETAI, Hydro-Québec Period of
project: Current
Motivation: An optimum production allocation between service units for hydroelectric produc-
tion, either through maximizing the produced power for a given flow or through minimizing flow
for a requested power.
Objective: Set up efficient algorithms to solve the unit loading problem i.e. production allocation
between turbine-alternator units.
Expected results: Optimal unit loading, taking into account global constraints on canals and net-
works [S4] ; taking into account hydraulic conditions and head drop which depend upon unit
loading decisions; deterministic dynamic management of a power plant; stochastic supply and
demand; river management [J8]. The main result expected is the improvement of the optimal
management of hydroelectric production and new algorithms for hierarchical dynamic program-
ming in order to solve exactly the shutdown/startup problem in an efficient way, in real time.

A8. MANAGEMENT OF MAJOR TECHNOLOGICAL RISKS
Principal Investigator: Bernard Sinclair-Desgagné (CIRANO) Senior Collaborator: Marcel Boy-
er (CIRANO) Partners: École Polytechnique de Montréal (Jarislowsky Chair, Chair on site sani-
tation biotechnology), Groupe Agra Monenco, Hydro-Québec Status of project: Current
Objectives: Build a reference bank on the management of major technological risks, design
decision-making tools and define organizational policies for the control and prevention of such
risks. Four themes are included: 1) State-of-the-art practice for analysis and management of ma-
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jor technological risks. 2) Study of the assessment of the technological risk. 3) The optimal
sharing of that kind of risk. 4) Control mechanisms. New major technological risks being con-
sidered for analysis: computer networking, economic activity, new biotechnology (genetically
modified organisms, cloning, etc.).
Results: In relation to the first theme, we have a complete review of public regulation on access
to information on major risks (right-to-know acts) [J7]. For the second, we have assembled the
basic axioms of a precautionary principle [J42]. In the third, current best practice was explored for
public insurance against catastrophy, as well as the mathematical principles of insurance against
catastrophic risk [J7]. With respect to the fourth, a new system of organisational control of tech-
nological risk is put forward, which should yield synergies between business objectives proper
and risk management [J7, J38, J39, J40, J41].

II.A.7 Training

Over the last two years, the network projects have involved the following students and post-
doctoral fellows: (Fund. = ncm2 -NSERC funding; Y = full, P = partial, N = none)

NAME DEGREE PROJECT FUND.

Bardou, O. MSc. A1 P
Carreau, J. MSc. A1 P
Chapados, N. PhD. A1 P
Dugas, C. PhD. A1 P
Dachraoui, K. PDF A2 Y
Pacurar, M. PhD. A2 P
Triki, T. PhD. A2 P
Renaud, J-F. MSc. A3 Y
Zaugg, P. PDF A3 Y
Piché, JG BSc A4 Y
Tranchant, B. PDF A4 Y
Wen, L. PDF A5 P
Yu, W. PDF A5 P
Perrier, N. PhD. A6 Y
Ouasil, S. BSc A7 N
Hammadia, A. MSc A7 N
Ben Ameur, H. MSc. A7 N

NAME DEGREE PROJECT FUND.

Mukamurenzi, J. MSc. A7 N
Springuel, E. MSc. A7 N
Debaert, C. BSc A8 N
Erphelin, G. BSc A8 N
Genty, J-L. BSc A8 N
Legrand, N. BSc A8 N
Lebrun, A. MSc. A8 N
Matuszek, A. MSc. A8 N
de Marcellis, N. PDF A8 P
Gozlan, E. PDF A8 P
Marcoul, P. PDF A8 P
Treich, N. PDF A8 P
Vafai, K. PDF A8 P
Bage, G. PhD A8 P
Michel-Kerjan, E. PhD A8 P
Gobert, K. PhD. A8 Y

II.A.8 Partnerships and Collaboration

The industrial partners for projects A1 and A3 of the financial risk project are Banque Nationale,
Hydro-Québec, and Microcell. There are frequent meetings with them, researchers at the part-
ners institution visit regularly (e.g., François Gingras for Hydro-Quebec and Alain Desgagné for
Banque Nationale), and software modules, in particular the Adaptive Deciders package, are shared
with the partners. The network’s technical staff also has a very important role in training the in-
dustrial partner’s staff in the use of the technology that is being provided.
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In insurance risk, the network funding allowed a collaboration with a new partner, AXA Insurance.
In flood risk, pollutant transport and nowcasting, the major partner has been the Atmospheric
Environment Service (AES) of Environment Canada. It is hoped that these will serve as the basis
for establishing a long term anchoring of environment Canada research in the university.
The hydro-electric management project has served as a kernel for a Strategic partnership project,
though not with Hydro-Québec, which has dropped out of the project, but with Alcan.
As an extension of project A8, discussions have been held with the holders of the NSERC Indus-
trial Chair for site bioremediation at the École Polytechnique de Montréal for the development of
some of the modeling aspects of their work.
The projects exhibit some transfer of technique between areas, for example in the combination
of machine learning techniques with more traditional econometric techniques in finance. Also,
expertise from several areas is being brought to bear on a class of problems, most visibly in the
nowcasting project. As noted above, the newer projects tend to exhibit the development of new
collaborations in a way which we hope is a harbinger of more things to come.

II.B Theme B - Information Processing, Imaging, Parallel Computing

II.B.1 Leader: Bernard Goulard, Université de Montréal and CRM

II.B.3 Co-Investigators

INVESTIGATOR CENTRE UNIV.

Benali, H. CRM UdeM
Bengio, Y. CRM UdeM
Breton, M. GERAD HEC
Delfour, M. CRM UdeM
Dssouli, R. CRM UdeM
Fluet, C. UQAM
Fortin, M. GIREF Laval
Gagnon, L. CRIM

INVESTIGATOR CENTRE UNIV.

Goulard, B. CRM UdeM
Hansen, P. GERAD HEC
Lesage, F. CRM Lockh.
Lina, J.-M. CRM UdeM
Marcotte, P. CRT UdeM
Nekka, F. CRM UdeM
Patera, J. CRM UdeM
Shahbazian, E. CRM Lockh.

II.B.4 Budget

Year NSERC, approved by board Industrial Partner (cash) ncm2 -NSERC spent
97-98 107,000 65,500 114,544
98-99 129,338 50,000 77,033
99-00 81,444 88,100 84,322
00-01 80,000 108,950 8,050
01-02 40,000

The amounts approved by the Board were those recommended by the scientific committee. For
the fifth year, the amounts are those allocated, conditionally, to ongoing projects.
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II.B.5 Progress Report

B1. NON-PARAMETRIC AND PROBABILISTIC MODELS FOR DATA-MINING FROM LAR-
GE DATA SETS
Principal Investigator: Yoshua Bengio (CIRANO, CRM) Senior Collaborators: Christian Léger
(CRM), Michel Gendreau (CRT) Partners Bell Canada, ICBC, Merck-Frosst, AT&T Status of
project: New.
Motivation: Large datasets may implicitly contain information with significant economic or sci-
entific value, that data-mining methods based on learning algorithms and computational statistics
seek to extract efficiently.
Objective: Develop learning algorithms that are efficient even with a large number of examples, in
particular probabilistic models and kernel-based algorithms such as ”Support Vector Machines”
(SVM), and apply them to data-mining tasks of interest to Bell Canada, ICBC and Merck-Frosst,
i.e. to classify customers, estimate insurance premiums or classify titration curves into desired
categories, using a priori knowledge about probabilistic variables.
Expected results: The techniques developed by Bengio and his collaborators have already been
used in products developed by AT&T for NCR (which builds automatic bank tellers) that process
millions of checks every month. In terms of techniques used, this project is closely linked to the
quantitative finance projects of CIRANO (René Garcia). We expect the new algorithms allow
learning from large data sets much more efficiently, possibly taking advantage of parallel process-
ing to reduce training time. Preliminary ideas and results on probabilistic models were presented
in [C4], and on kernel-based algorithms in [C31].

B2. PARALLEL COMPUTING
Principal Investigator: Charles Lin (CERCA) Senior Collaborators: Jean Côté (Environment
Canada) Status of project: Completed
Objectives: 1) Development of a parallel solver for the Helmholtz problem in a limited area
version of the Global Environmental Multiscale model (GEM). 2) Study of an efficient precondi-
tioning for the iterative solution for the Helmholtz problem in the case of a variable resolution.
Results: 1) For the work on the limited area version, a rapid Fourier Transform set of routines
has been developed which is problem-specific. This library has been used to obtain a parallel
version with distributed memory of the Helmoltz solver. 2) The iterative solver is based on the
preconditioned conjugate gradient algorithm. Three preconditioners from the same family have
been tested: Symmetric Gauss-Seidel, and the ILU0 and MILU0 incomplete factorisations. The
conclusion is that on one single processor, this type of iterative solver can perform better than the
direct solver in the variable resolution mode. [S11].

B3. OPTIMAL DESIGN OF SHELLS MADE UP OF COMPOSITE MATERIALS
Principal Investigator: Michel Delfour (CRM) Senior Collaborators: Michel Fortin, Benoît Bis-
sonnette, Mario Fafard, Guy Gendron (all from GIREF, Laval University) Partners ADS Groupe
Composite, Bombardier, Prévost Car. Status of project: Current
Objective: To develop a tool based on modern techniques for optimal design of structures made
up of composite materials in order to minimize manufacturing delays. A second objective is to
provide a tool to compare the structural performance of vehicles under different loading condi-
tions. Major themes: 1) Model structural behaviour of components: stresses and fatigue damage.
2) Establish an optimization method to minimize the component mass taking into account design
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constraints associated with the composite materials used, in particular fatigue damage.
Results: Early results were presented at ICIAM’99 and more recent ones in [S7]. New three-
dimensional elements are being developed and tested for very thin shells. M. Delfour also com-
pleted a book on optimal design of shapes [J15] and several papers on the modelling of thin and
asymptotic shells [J16],[J17],[J46],[C7],[C8].

B4. COMPLEX STOCHASTIC MODELING AND IMAGE ANALYSIS
Principal Investigator: Bernard Goulard (CRM) Senior Collaborators: F. Nekka (CRM), J.M.
Lina (CRM) Partner: R&D ANIQ. Status of project: Completed
Objective: Stochastic interpretation of images and the role of complex wavelets in their analysis.
Results: [S10, S12] 1) A Bayesian framework for estimating the complex wavelet coefficients
where observed data are corrupted by an additive i.i.d. Gaussian noise. The estimator is radial
and shrinks the amplitude of the wavelet coefficient that depends on the observed phase. 2) A
complex stochastic model based on mixture of complex normal laws for modeling the wavelet
representation of images. An EM algorithm for estimating the parameters of the model has been
derived and used in a HMM model on a multi-scale quad-tree.

B5. HIERARCHICAL AND MULTI-SCALE APPROACH FOR THE LOCALIZATION OF AC-
TIVITY SOURCES IN MEG/EEG
Principal Investigator: Bernard Goulard (CRM) Senior Collaborators: F. Nekka (CRM), J.M.
Lina (CRM), H. Benali (INSERM, France), O. Marcotte (GERAD), P. Hansen (GERAD), L.
Garnero (CNRS, France), Y. Burnod (INSERM, France) Partner: R&D ANIQ. Status of project:
Current
Motivation: The introduction of original and innovative methods for the localization of activ-
ity sources in MEG (magneto-encephalography) and EEG (electro-encephalography) in order to
improve the surgical evaluation of patients with a cerebral injury.
Objective: Estimate signals in multi-resolution representation with a Markovian multi-scale mod-
elling. The construction of areas of cerebral activity from MEG/EEG measurements is a classical
inverse problem which is not well-posed. Without supplementary information, there is no unique
solution. There is thus a need to use a priori information to obtain the solution. A statistical
approach (Maximum Mean Entropy) is proposed to choose a unique solution. The a priori infor-
mation used is the result of studies on the connectivity of clusters of neuronal cells in the brain.
Results: The Maximum Entropy on the Mean technique was implemented to solve the MEG
inverse problem with simulated data and, in order to explain the data, hidden discrete random
variables that describe the state of activation of cortical regions were introduced. The statistical
dependencies upon these variables is described with a graphical model. This model can be part
of the a priori knowledge obtained from other modalities but we have shown though simulations
that it was possible to learn the parameters of the graph from the MEG data, at least with simple
models. The performance of this hidden Markovian model coupled with the estimation of the
current intensities through MEM is described in [C20] and has been presented in seminars. This
work anticipates impressive results with real data that are currently under investigation. Tech-
niques developed in this project are also being used to analyse mammograms [S1]. The general
methodology is discussed in [S10]

B6. IMAGING AND PATTERN RECOGNITION ALGORITHMS FOR OBJECT IDENTIFI-
CATION
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Principal Investigator: Jiri Patera (CRM) Senior Collaborators: Igor Loutsenko (CRM), Alexan-
dre Jouan (Lockheed-Martin), Elisa Shahbazian (CRM, Lockheed-Martin) Partner: Lockheed-
Martin Status: Completed
Objective: Elaboration, implementation an test of innovative image processing techniques for
SAR/EO/IR airborne or space-borne imagery for texture classification, image segmentation, target
detection and recognition to provide scene understanding capabilities to a data fusion module
using imaging and non-imaging sensors.
Results:1) A multiresolution CFAR detector for land target in airborne SAR imagery was devel-
oped [C14] 2) Contributions were made to the development of polarimetric target classification
algorithms (ATR) for airborne/space borne SAR imagery. 3) 3D volume estimation algorithms
for airborne SAR imagery have been developed, leading to an innovative technique for land tar-
get/shadow segmentation for airborne SAR imagery (submitted to ICASSP’01).

B7. IMAGE SEGMENTATION AND CHARACTERIZATION USING LEVEL SET-BASED
CURVE AND SURFACE EVOLUTION, BOUNDARY DETECTION AND LIE GROUPS
Principal Investigator: Jiri Patera (CRM) Senior Collaborators: Langis Gagnon (CRIM, CRM),
Frederic Lesage (CRM, Lockheed-Martin), F.W. Lemire (University of Windsor), Elisa Shah-
bazian (CRM, Lockheed-Martin) Partner: Lockheed-Martin, CRIM Status of project: New
Objective: Development of algorithms based on snakes to detect contours in images. Methods
to refine the analysis further and extract morphological information, in both 2d and 3d, in an
automatic way are also within the scope of this project.
Lockheed-Martin already has a history of research in imagery, the main applications being track-
ing and data fusion. One of the specific goals set here is to improve the ability to recognize ships
in radar images. This in turn can help the monitoring of a maritime picture. This is of great
interest for rescue missions, for example, when there are accidents at sea. Here the ability of
snakes to dynamically adapt to the images, even in the presence of noise, is expected to provide
substantial improvements to existing algorithms. The segmentation of the contour is seen as a first
step towards the identification, and further processing using this information has to be developed
and tested. C.R.I.M. has an interest in applying the methods in medical, microscopic and radar
imagery, to support R&D activities with some of its industrial members. Level-set snakes have
been used to study MRI, ultrasound and CT images, where the results have been promising, even
for noisy images.
B.8 TESTING REAL TIME SYSTEMS
Principal Investigator: Rachida Dssouli (CRM) Industrial links: Nortel, Telelogic and Motorola
Status of project: Completed
The ncm2 contributed personnel funding to set up a testing laboratory, funded by Nortel, Telelogic
and Motorola, and to support an emergent project named ”Testing Real-Time Systems”. The
building up of the laboratory is in progression, 5 PCs have been purchessed and we plane to
obatin 10 more when the process will bbe completed. 15 licences of ObjectGeode tool anf 15
licences of TAU tool have been obtained from Telelogic. These tools are commercial and are used
for automatic generation of test cases based on SDL (formal specification language). The project
generated the publications [J26, C22, C23, S8]
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II.B.7 Training

Over the last two years, the network projects have involved the following students and post-
doctoral fellows: (Fund. = ncm2 -NSERC funding; Y = full, P = partial, N = none)

NAME DEGREE PROJECT FUND.

Senecal, JS MSc. B1 Y
Takeuchi, I. PDF B1 P
Vincent. P. PhD. B1 Y
Qaddouri, A. PDF B2 Y
Deteix, J. PDF B3 P
Clonda, D. PhD B4 N
Amblard, C. PDF B5 P

NAME DEGREE PROJECT FUND.

Kjiri, M. PDF B5 Y
Clonda, D. PhD. B5 N
Lapalme, E. PhD. B5 N
St-Jean, P. PhD. B5 N
Lutsenko, I. PDF B6 P
Allen, S. PDF B7 P

II.B.8 Partnerships and Collaboration

The project B1 involves contributions from several important partners, and is devoted to devel-
oping a general methodology of interest to all parties. Similar comments apply to B2, with En-
vironment Canada as a major partner. In project B3, the ncm2 partners provided optimal design
expertise to a group at Laval which specialises in finite element methods and their applications, as
part of a larger project with its partners.
Projects B4 and B5 are being developed with ANIQ, a small Quebec based research arm of At-
lantic Nuclear services. One of the students involved in the project has come up with new data
compression algorithms, and is in the process of creating a spin-off company. The partnership
has also developed extensive contacts with a group at the Pitié-Salpêtrière hospital in Paris and is
now part of a major Brain Imaging initiative, along with the Brain Imaging Center at the Montreal
Neurological Institute. The mammography aspects of the project are being done in collaboration
with researchers at the Hôpital Notre Dame.
Projects B6 and B7 involve partnerships with Lockheed, which has a research group with intense
interest in questions of data fusion and imaging, linked in particular to airborne surveillance and
search and rescue.
In terms of transfer of technique, one common factor here has been the application of optimisation
techniques to several different areas: in the design of thin shells, and in the analysis of cerebral
plasticity.

II.C Theme C - Transportation and Telecommunications

II.C.1 Leader: Brigitte Jaumard, Ecole Polytechnique and GERAD

II.C.3 Co-Investigators

INVESTIGATOR CENTRE UNIV.

Audet, C. GERAD Poly
Brimberg, J. GERAD U.PEI

INVESTIGATOR CENTRE UNIV.

Cordeau, J. F. GERAD HEC
Crainic, T. G. CRT UQAM
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Desaulniers, G. GERAD Poly
Desrosiers, J. GERAD HEC
Florian, M. A. CRT UdeM
Gendreau, M. CRT UdeM
Hansen, P. GERAD HEC
Jaumard, B. GERAD Poly
Keller, R. CRT UdeM
Kerhervé, B. UQAM

Laporte, G. CRT HEC
Léger, C. CRM UdeM
Marcotte, O. GERAD UQAM
Marcotte, P. CRT UdeM
Pesant, G. CRT Poly
Savard, G. GERAD Poly
Soumis, F. GERAD Poly

II.C.4 Budget

Year NSERC, approved by board Industrial Partner (cash) ncm2 -NSERC spent
97-98 200,000 308,172 128,855
98-99 187,989 221,699 246,274
99-00 118,585 89,189 104,838
00-01 166,000 185,000 43,016
01-02 95,000

The amounts approved by the Board were those recommended by the scientific committee. For
the fifth year, the amounts are those allocated, conditionally, to ongoing projects.

II.C.5 Progress Report

C1. INTELLIGENT TRANSPORT SYSTEMS
Principal Investigator: Teodor G. Crainic (CRT) Senior Collaborators: Michael Florian, Michel
Gendreau, Bernard Gendron, Rudolph Keller (all from CRT) Partner: Consultants INRO Inc.
Status of project: Current
Motivation: Take advantage in real time of available information in order to optimize the use of
existing infrastructures for transport. This applies to both person and freight transport.
Objective: To pursue work started since the creation of ncm2 in the area of intelligent transport
systems (ITS) on the following themes: 1) models for dynamic affectation and mesoscopic simu-
lation of road traffic; 2) ITS applications in freight transport (”Commercial Vehicle Operations”);
3) development of testbeds which allow representation and integrated testing of all elements in
the ITS architecture over a given area (the main thrust in 2000).
Results: In-depth analysis and modelling of dynamic traffic behaviour on arteries and intersec-
tions [J2, C26]; Computational studies and development of software tools for dynamic simulation
and prediction of traffic behaviour [J10]; Methodological (models, algorithms) and computational
(parallel and distributed processing) developments for freight transportation planning and opera-
tions [J11, J12, J13, J45, C1, S5, S6]

C2. OPTIMIZATION IN PETROLEUM INDUSTRY: MIXTURE AND LOCALIZATION PROB-
LEMS
Principal Investigator: Pierre Hansen (GERAD) Senior Collaborators: Charles Audet (Polytech-
nique), Jack Brimberg (GERAD), Teodor Crainic (CRT), Michel Gendreau (CRT), Brigitte Jau-
mard (GERAD), Gilles Savard (GERAD), Frédéric Messine (Université de Pau, France) Partner:
ULTRAMAR and PETRO-CANADA.Status of project: Current
Motivation: Localization of wells in an oil-field, their geometry and their potential diversions;
localization of sea platforms.
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Results: An efficient ”branch-and-cut” algorithm was developed for quadratic programs with qua-
dratic constraints [J1]. It was then applied to the classic pooling problem of the oil industry [J32]
and incidentally to solve an open geometric problem of Graham’s dating from 1975 [J27]. Ef-
ficient heuristics for the location of offshore platforms have been obtained in [J9, S3]. Together
with stabilised column generation [S2], they will be used for an exact solution of this optimisation
problem.

C3. PRICE SETTING AND REVENUE MANAGEMENT IN THE AIRLINE INDUSTRY
Principal Investigators: Patrice Marcotte (CRT), Gilles Savard (CRT) Senior Collaborators: Luce
Brotcorne (Université de Valenciennes), Mohammed Didi Biha (École Polytechnique) Partner:
Air Canada Status of project: New
Motivation: The fare levels to be offered on a flight are in most situations determined by pressures
to match competitors’ fares in the same city-pair markets. This naive strategy can be improved by
taking explicitly into account the users’ behaviour and the network interactions.
Objective: Integrate fare levels and competition, in addition to the management of aircraft ca-
pacity, into a revenue management model using operational research techniques, namely bilevel
programming. The main steps of the project are: 1) Establish the problem parameters: compe-
tition, user classes, service classes, network. 2) Develop an integrated model including: leader
airline, competition, user behaviour. 3) Develop exact solution algorithms for small-scale prob-
lems, and heuristic solution algorithms for real life problems. 4) Validate the model with real data
for a small number of markets.
Expected results: The fallouts of this research are both theoretical and applied. A technique
enabling an airline to select jointly optimal fare schedules and seat allocation policies is of course
of tremendous financial importance. The proposed bilevel approach is entirely novel and will
lead to important algorithmical developments pertaining to the theory and practice of large scale
bilevel programming. These will be applicable to other areas, such as the optimal pricing of
telecommunication networks.
Our initial model has been presented at a recent meeting [C27] and a prototype model is currently
being tested on real data.

C4. CUTTING PLANES FOR THE COLUMN GENERATION METHOD
Principal Investigator: François Soumis (GERAD) Senior Collaborator: Odile Marcotte (GERAD)
Motivation: The GENCOL software package uses the column generation method for the solu-
tion of large scheduling problems for vehicles and crews. The 1999 version obtained complete
solutions with a branching process.
Objectives:1) Improve the software package through the addition of cutting plane methods to
accelerate the process for a complete solution. 2) Complete an earlier project on resource aggre-
gation in sub-problems to obtain a heuristic algorithm for quick solutions.
Main Results: Theoretical results have been developed to provide characteristics of cutting planes
which are compatible with column generation. The cutting planes must act both at the level of the
master problem and for sub-problems, a more complex procedure than their use in integer linear
programming. The research has established the appropriate strategy for the number of cutting
planes to be added or withdrawn. This has raised the size of the bus schedule problems from 150
to 500 tasks [C28, M11, M12].

C5. OPTIMIZATION ALGORITHM FOR SCHEDULING PROBLEMS
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Principal Investigator: François Soumis (GERAD) Senior Collaborators: Jean-François Cordeau
(GERAD), Jacques Desrosiers (GERAD), Guy Desaulniers (GERAD), Gilbert Laporte (CRT),
Odile Marcotte (GERAD), Gilles Pesant (CRT) Partners: AD OPT, GIRO Status of project: New
Objectives: To improve the GENCOL software package which uses the column generation method
to solve large scheduling problems for vehicles and crews. The aim is to cover at minimum cost a
set of tasks with realistic paths. Specific areas studied: bus schedules (good solutions are expected
with more than 1000 tasks), rotation of aircraft crews (savings potential: 10 million dollars a year
for a large company), schedules for shift workers with new markets (police, nurses, ground crews
for air traffic ).
Main Results: We developed for crew scheduling problems a new branch-and-bound using penal-
ties to select the variables to be fixed. We obtain on a first set of 10 problems from large U.S.
airlines a reduction of the mean error gap from 1.5% to .8% [S9]. We demonstrated that the com-
pact formulation of Brusco and Jacob for shift scheduling problems corresponds to a Benders cut
on the shift-break assignment problem [C21]. This opens the way to obtain compact formulation
for more general problems.

C6. QUALITY OF SERVICE MAPPING AS AN OPTIMIZATION PROBLEM
Principal Investigators: Odile Marcotte (GERAD), Brigitte Kerhervé (UQAM) Senior Collabo-
rator: Rachida Dssouli (CRM) Status of project: New
Motivation: The concept of Quality of Service (QoS) was first introduced in computer commu-
nications in order to characterize the performance of data transmission. QoS research activities
are mainly conducted in the field of telecommunication networks and multimedia systems. They
have led to proposals for QoS management strategies whose purpose is to decide whether and how
multimedia streams can be delivered to the user within the given delay, cost or quality constraints.
Objectives: 1) Propose QoS mapping techniques based on mathematical programming techniques.
2) Develop QoS specification and mapping software tools. The focus of the present project is on
QoS mapping, the translation of the user’s requirements into QoS constraints that have to be
supported by the distributed system components. QoS is addressed as an optimization problem:
the project will study how mathematical programming techniques can be used to develop generic
and flexible QoS mapping strategies.
Expected results: We expect to show that the use of mathematical programming or other formal
techniques enables one to design flexible and powerful tools for the management of QoS in dis-
tributed multimedia systems. In particular, we expect to build QoS mapping software tools that
incorporate techniques similar to linear or integer programming and enable the system to process
detailed user requirements in an efficient manner.

II.C.7 Training

Over the last two years, the network projects have involved the following students and post-
doctoral fellows: (Fund. = ncm2 -NSERC funding; Y = full, P = partial, N = none)

NAME DEGREE PROJECT FUND.

Rafia, K.R MSc. C1 P
Astarita, V. PDF C1 Y

NAME DEGREE PROJECT FUND.

Homberger, J. PDF C1 N
Nonato, M. PDF C1 N
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Abrache, J. PhD. C1 P
Ardanaz, R. PhD. C1 P
Chouman, M. PhD. C1 P
Ghamlouche, I PhD. C1 P
Le Bouthiller, A. PhD. C1 P
Mahut., M. PhD. C1 P
Velan, S. PhD. C1 P
Ouaknin, S. BSc C2 N
Thabet, N. MSc. C2 Y
Mladenovic, N. PDF C2 N
Kihel, R. MSc C3 P

Brotcorne, L. MSc. C3 Y
Côté, J. MSc. C3 P
Forget, A. MSc. C3 P
Wizêre, A. MSc. C3 N
Langlois, A. PhD. C3 P
Hadjar, A. PDF C4 Y
Lingaya, N. PDF C4 N
Nagih, A. PDF C4 P
Ziarati, K PDF C5 N
Henri, F. MSc. C6 Y

II.C.8 Partnerships and Collaboration

The intelligent transportation project is part of a long standing collaboration with INRO consul-
tants. Its main purpose is to serve as a “backbone” to more applied projects. The petroleum
industry partners in C2 are Ultramar and Petro-Canada.
In the airline management portion, the network’s main partner has been AD OPT; this company
specialises in optimisation software for air transportation. The company is a spin-off with a long
standing relationship with the researchers at GERAD, and has hired a large number of network
students over the past few years as it has expanded. The new price setting project is to be done in
collaboration with Air Canada, which is interested in expanding it considerably.
In project B7, one is again seeing the transfer of optimisation theory techniques, this time to
quality of service analysis in networks. The project as yet has no industrial partner.

II.D Theme D: Health

II.D.1 Leader: Brigitte Jaumard, Ecole Polytechnique and GERAD

II.D.3 Co-Investigators

INVESTIGATOR CENTRE UNIV.

Delfour, M. CRM UdeM
Ferland, J. CRT UdeM
Garon, A. CERCA Poly
Gendreau, M. CRT UdeM
Gendron, B. CRT UdeM

INVESTIGATOR CENTRE UNIV.

Jaumard, B. GER Poly
Lapierre, S. CRT Poly
Pelletier, D. CER Poly
Pesant, G. CRT Poly
Soriano, P. GER HEC
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II.D.4 Budget

Year NSERC, approved by board Industrial Partner (cash) ncm2 -NSERC spent
97-98 0 0 0
98-99 0 0 0
99-00 62,250 30,834 40,001
00-01 80,000 88,000 25,107
01-02 30,000

The amounts approved by the board were those recommended by the scientific committee. For
the fifth year, the amounts are those allocated, conditionally, to ongoing projects.

II.D.5 Projects

D1. FOR BETTER HOSPITAL MANAGEMENT WITH OPTIMISATION METHODS
Principal Investigator: Brigitte Jaumard (GERAD) Senior Collaborators: Jacques Ferland (CRT),
Michel Gendreau (CRT), Bernard Gendron (CRT), Sophie Lapierre (CRT), Gilles Pesant (CRT),
Patrick Soriano (CRT) Partners: Charles-Lemoyne Hospital, Jewish General Hospital of Mon-
treal, Côte-des-Neiges CLSC, CHUM-informatique, MUHC (McGill Health Center), St-Luc Hos-
pital, Ste Justine Hospital, Santa Cabrini Hospital. Status: Current
Motivation: Design of mathematical models and optimization methods for the automatic con-
struction of nurse and doctor schedules.
Objectives: The aim is to compare several optimization models and methodologies for nurse and
doctor schedules, and to identify the best of them for each environment (e.g., hospital, health unit,
health center). We are studying assignment integer programming methods; constraint program-
ming, column generation techniques, metaheuristics (tabu search and hybrid methods). Programs
and software packages have been developed and already tested successfully in several hospital
units. For two projects (IRIS and HORINF), it is expected to have the programs included in the
management system of the hospitals during the 2001 year.

D2. OPTIMAL DESIGN AND CONTROL OF MEDICAL DEVICES
Principal Investigator: Dominique Pelletier (CERCA) Senior Collaborators: Michel Delfour
(CRM), André Garon (CERCA) Partners: Institut de Cardiologie de Montréal (ICM), Cardianove,
Institut de recherche clinique (IRCM), Institut des matériaux industriels (IMI), several universities
(McGill, Toronto, Cornell, Poitiers, Marseille, Liège, Eindhoven, Virginia Tech, Indiana) Status:
New
Objectives: 1) To optimize cardiovascular devices through a numerical model which can predict
accurately the hemolysis rate and the thrombosis level. 2) To study sensitivities and uncertainties
for complex biofluid flow. The flow is characterized by a low Reynolds number and a high Péclet
number. The analysis for sensitivities and uncertainties will lead to solutions that are precise and
grid independent, and also to a quantification of errors due to uncertainties.
Results: The techniques developed by M. Delfour for the control of onchocercosis in Western
Africa (optimal distribution of the dose of larvicide along rivers to achieve a preset mortality rate
of the black fly larvae) have been used by A. Garon [J33] in the design of stents to control the
dose of medical products absorbed by the wall of the vessel.
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II.D.7 Training

Over the last two years, the network projects have involved the following students and post-
doctoral fellows: (Fund. = ncm2 -NSERC funding; Y = full, P = partial, N = none)

NAME DEGREE PROJECT FUND.

Achour, H. MSc. D1 N
Barbera, V. MSc. D1 N
Durrenback, A. MSc. D1 Y
Hoa, S-C. MSc. D1 N
Kwon, S-T. MSc. D1 Y

NAME DEGREE PROJECT FUND.

Méthot, M-J, MSc. D1 Y
Rekik, M. MSc. D1 Y
Meyer, C. PDF D1 N
Bolduc, D. MSc D2 P

II.D.8 Partnerships and Collaboration

Project D1 is the union of a variety of small projects with various hospitals for dealing with
the large scheduling problems that hospitals face. Two important partnerships, with CHUM-
informatique and Santa Cabrini, grew out of a ncm2 workshop on health. It is hoped that this will
develop into a major initiative.
Project D2 highlights an interesting transfer of mathematical technique between two quite dif-
ferent problems. A collaboration is developing between the group and a group headed by Marc
Thiriet at INRIA in biomechanics. A France-Canada exchange project is being developed which
would directly contribute to the objectives of the project.
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A In-kind contributions

This list includes scientific in-kind contributions from the two partner research centres which are
technology transfer centres (CERCA and CIRANO), as well as the industrial partners.

Administrative
CERCA Administrative assistant’s time 1,750/year
CIRANO Administrative assistant’s time 1,750/year
CRT Administrative assistant’s time 1,750/year
GERAD Administrative assistant’s time 1,750/year
CRM Time of employees beyond ncm2 budget 30,000/year
Theme A
CERCA Flood risk: Research professional(30K); Year 1: 55,000

Pollutants: research personnel(25K) Year 2: 55,000
CIRANO Financial and technological risk Year 1: 50,000

Year 2: 50,000
AXA Insurance Data bases Year 1: 6,900
Environment Can.Computing facilities; flood risk (20K), Year 1: 45,000

pollutants(25K) Year 2: 45,000
SAAQ Data base creation Year 2: 12,200
Theme B
CERCA Computing facilities, parallel computing Year 1: 10,000

Year 2: 10,000
ANS Year 1: Research trips, bed tests, research assistanceYear 1: 35,000

Year 2: Administrative costs for setting up ANIQ Year 2: 50,000
Environment Can.Computing services, parallel computing Year 1: 100,000

Year 2: 100,000
Lockheed Contribution of Lockheed research personnel Year 1: 100,000

(Blodgett, Gagnon, Valin, Mayrand) Year 2: 100,000
Theme C
AdOpt Research personnel specifically tied to the Year 1: 43,500

basic(ncm2 ) part of the project, Year 2: 20,000
out of a total in-kind of 660K/year

Bell Mobility Discussions with in-house scientists Year 1: 20,000
(in addition, 150,000 for data collection, which Year 2: 20,000
however will also be used for other purposes)

INRO Research personnel; 30 days/year Year 1: 8,100
Year 2: 8,100

Urg. Santé Data Collection Year 2: 5,000
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Appendix B: Network Publications

J Journal Articles, Book Chapters

[J1] AUDET, C., HANSEN, P., JAUMARD, B., SAVARD, G., A Branch-and-Cut algorithm
for Quadratically Constrained Quadratic Programming, Mathematical Programming A87
(2000), 131-152.

[J2] BARCELO, J., J.L. FERRER, D. GARCIA, M. FLORIAN, É. LE SAUX, Parallelization of
Microscopie Traffic Simulation for ATT Systems Analysis . (P. Marcotte et S. Nguyen eds.),
Equilibrium and Advanced Transportation Modelling, Kluwer Academic Publishers, 1998,
1-26.

[J3] BENGIO, Y., V-P. LAUZON and R. DUCHARME, Experiments on the Application of
IOHMMs to Model Financial Returns Series, IEEE, Transactions on Neural Networks, 2000
(to appear).

[J4] BENGIO, Y., Gradient-Based Optimization of Hyper-Parameters, Neural Computation, 12
(2000), no. 8, 1889-1900.

[J5] BENGIO, Y., Markovian Models for Sequential Data, Neural Computing Surveys 2 (1999),
129-162.

[J6] BENGIO, S., Y. BENGIO, J. ROBERT and G. BÉLANGER, Stochastic Learning of Strate-
gic Equilibria for Auctions, Neural Computation, 11 (1999), no.5, 1199-1209.

[J7] BOYER, Marcel and Bernard SINCLAIR-DESGAGNÉ. Corporate Governance of Major
Technological Risks, Frontiers in Environmental Economics, Published by Edward Elgar,
January 2001 (to appear).

[J8] BRETON, M. and G. ZACCOUR. Equilibria in an Asymmetric Duopoly Facing a Secu-
rity Constraint, Cahier du GERAD G-99-26, April 1999, 18 pages. Energy Economics (to
appear).

[J9] BRIMBERG, J., HANSEN, P., MLADENOVIC, N., TAILLARD, E., Improvements and
Comparison of Heuristics for Solving the Multisource Weber Problem, Operations Research
48 (2000), 444-460.

[J10] CRAINIC, T.G., Network Design in Freight Transportation, European Journal of Opera-
tional Research, (to appear).

[J11] CRAINIC, T.G., Long Haul Freight Transportation, Handbook of Transportation Science,
Hall, R.W. (Ed.), KIuwer, Norwell, MA, (to appear).

[J12] CRAINIC, T.G., M. GENDREAU, J.M. FARVOLEN, A Simplex-based Tabu Search for
Capacitated Network Design, INFORMS Journal on Computing, (to appear).

[J13] CRAINIC, T.G., M. TOULOUSE, Parallel Metaheuristics, Fleet Management and Logis-
tics, (T.G. Crainic, G. Laporte eds.) Kluwer Academic, Norwell MA, 1999, 205-251.

[J14] DELAGE, Y., L. WEN, and J.-M. BÉLANGER. Aggregation of parameters for the land
surface model CLASS, Atmosphere-Ocean, 37(2), 157-178, 1999.

[J15] DELFOUR, M.C. and J.-P. ZOLÉSIO, Shapes and geometries : analysis, differential cal-
culus and optimization, Series Advances in Design and Control, SIAM, October 2000, (to
appear).

[J16] DELFOUR, M.C., Intrinsic differential geometric methods in the asymptotic analysis of
linear thin shells. Boundaries, interfaces and transitions, CRM Proc. Lecture Notes Ser.,
vol.13 AMS, Providence, R.I. 1998, pp. 19-90, Russian translation Mekanika Tverdogo
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Tela (to appear) (on invitation of the Editor-in-chief Academician A. Ischlinsky).
[J17] DELFOUR, M.C., Characterization of the space of the membrane shell equation for arbi-

trary C1,1 midsurfaces, Control and Cybernetics 28 (1999), no.3, 481-501.
[J18] DESJARDINS, D., DIONNE, G., PINQUET, J., Experience Rating Schemes for Fleets of

Vehicles, Astin Bulletin (to appear).
[J19] DETEMPLE, J., M. BROADIE, E. GHYSELS and O. TERRÉS, American Options with

Stochastic Dividends and Volatility: a Nonparametric Investigation, Journal of Economet-
rics, 2000 (to appear).

[J20] DETEMPLE, J., M. BROADIE, E. GHYSELS and O. TORRÉS, Nonparametric Estima-
tion of American Option Exercise Boundaries and Call Prices, Journal of Economic Dy-
namics and Control, 2000 (to appear).

[J21] DETEMPLE, J. American Options: Symmetry Properties Handbook of Mathematical Fi-
nance, (J. Cvitanic, E. Jouini and M. Musiela, eds.), North Holland, Amsterdam, 2000 (to
appear).

[J22] DIONNE, G., DESJARDINS, D., PINQUET, J., L’évaluation des risques d’accidents des
transporteurs routiers : des résultats préliminaires, Assurances 67 (1999) no.3, 449-477.

[J23] DIONNE, G., DESJARDINS, D., PINQUET, J., Projet de recherche pour concevoir un
modèle permettant d’évaluer les risques d’accidents des transporteurs routiers, Routes et
transports 29 (2000) no.1, 10-20.

[J24] DIONNE, G., LABERGE-NADEAU, C., DESJARDINS, D., MESSIER, S., MAAG, U.,
Analysis of the Economic Impact of Medical and Optometric Driving Standards on Costs
Incurred by Trucking Firms and on the Social Costs of Traffic Accidents, in Automobile
Insurance: Road Safety, New Drivers, Risks, Insurance Fraud and Regulation, (G. Dionne
and C. Laberge-Nadeau Eds.), 323-351, 1999.

[J25] DIONNE, G., LABERGE-NADEAU, C., MAAG, U., DESJARDINS, D., MESSIER, S.,
Analyse de l’effet des règles d’obtention d’un permis de conduire au Québec (1991) sur
la sécurité routière, l’Actualité économique 75, 269-332, 1999. Reproduit dans Économie
publique, (N. Marceau, P. Pestieau, F. Vaillancourt Eds), Collection Société canadienne de
science économique, Economica, Paris, 2000.

[J26] R. DSSOULI, K. SALEH, El M. ABOULHAMID, A. EN-NOUAARY and C. BOURHFIR,
Test development for communication protocols: Toward automation, in Computer Net-
works, The International Journal of Computer and Telecommunications Networks, Special
Issue ISSN 1389-1286 , Advanced Topics on SDL and MSC, 31 (June 1999), 1835-1872,
No. 17, Elsevier.

[J27] DU MERLE, O., VILLENEUVE, D., DESROSIERS, J., HANSEN, P., Stabilized Column
Generation, Discrete Mathematics 194 (1999), 229-237.

[J28] GARCIA, R., R. GENAY, Pricing and Hedging Derivative Securities with Neural Networks
and a Homogeneity Hint, Journal of Econometrics, 2000 (to appear).

[J29] GARCIA R, E. RENAULT, Latent Variable Models for Stochastic Discount Factors, Ad-
vances in Mathematical Finance, Cambridge University Press, 2000 (to appear).

[J30] GARCIA, R., E. GHYSELS and E. RENAULT, Econometric Methods for Derivative Secu-
rities and Risk Management, Journal of Econometrics 94 (Jan.-Feb. 2000), no. 1-2, 1-7.

[J31] GHYSELS E., V., PATILEA, E., RENAULT and O., TORRÈS. Nonparametric Methods
and Option Pricing, Statistics in Finance, (D. Hand and S. Jacka, eds.), Chapter 15, Edward
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Arnold, London, pp. 307-332.
[J32] HANSEN, P., MLADENOVIC, N., PEREZ-BRITTO, D., Variable Neighborhood Decom-

position Search, Journal of Heuristics (to appear).
[J33] JULIEN, S., A. GARON, BERTRAND, R. MONGRAIN, A numerical model for local

delivery in stent design, accepted in ASME Journal of Biomechanical Engineering.
[J34] LABERGE-NADEAU, C., DIONNE, G., ÉKOÉ, J.M., HAMET, P., DESJARDINS, D.,

MESSIER, S., MAAG, U., Impact of Diabetes Mellitus on Crash Risks of Truck Permit
Holders and Commercial Drivers, Diabetes Care 23, 5, 2000, 612-617.SAAQ1

[J35] MAAG, U., DIONNE, G., DESJARDINS, D., MESSIER, S., LABERGE-NADEAU, C.,
An Evaluation of the Effects on Crashes of the 1991 Legislative Reform on New Licensees
in Quebec, in Automobile Insurance: Road Safety, New Drivers, Risks, Insurance Fraud
and Regulation, (G. Dionne and C. Laberge-Nadeau Eds.), 201-214, 1999. SAAQ1

[J36] NADEAU, C. and Y. BENGIO, Inference for the Generalization Error, Advances in Neural
Information Processing Systems 12 (1999), 307-313.

[J37] SCHWENK, H. and Y. BENGIO, Boosting Neural Network, Neural Computation 12
(2000), no. 8, 1869-1887.

[J38] SINCLAIR-DESGAGNÉ, Bernard and H. Landis GABEL. Environmental auditing in man-
agement systems and public policy, Journal of Environmental Economics and Management,
Vol. 33, juillet 1997, pages 459-465 The firm, its routines, and the environment, Frontiers
in Environmental Economics and Management (to appear).

[J39] SINCLAIR-DESGAGNÉ, Bernard, How to restore higher-powered incentives in multi-task
agencies, Journal of Law, Economics, and Organization 15(1999), 418-433.

[J40] SINCLAIR-DESGAGNÉ, Bernard, Environmental risk management and the business firm,
chapter to appear in 2000/2001 Yearbook of Environmental Economics, published by Tom
Tietenberg and Henk Folmer, Edward Elgar, eds.

[J41] SINCLAIR-DESGAGNÉ, Bernard and Carel VACHON. Dealing with major technological
risks, chapitre paru dans la seconde édition du livre Principles of Etivironmental Economics
- A guide for students and decision makers, printemps 2000, édité par Henk Folmer et H.
Landis Gabel, éditions Edward Elgar.

[J42] TREICH, Nicolas, Bruno JULLIEN and Christian GOLLIER . Scientific progress and ir-
reversibility: An economic interpretation of the precautionary principle, Journal of Public
Economics, fall 1999.

[J43] VINCENT, A., TRANCHANT, B., Anisotropic Turbulent Diffusion for Ozone Transport at
520K, Journal of Geophysical Research D, JGR-D Vol. 104, No. D22, pp. 1-7, November
27, 1999

[J44] WEN, L., W. YU, C.A. LIN, M. BÉLAND, R. BENOIT and Y. DELAGE, 2000: The role
of land surface schemes in short-range, high spatial resolution forecasts. Mon. Wea. Rev.
128, 3605-3617.

[J45] XU, Y., J.H. WU, M. FLORIAN, P. MARCOTTE, D.L. ZHU, Advances in the Continuous
Dynamic Network Loading Problem, Transportation Science, (to appear).

[J46] YANG, G., M.C. DELFOUR and M. FORTIN, Uniform error analysis of mixed finite ele-
ments for cylindrical shells, Plates and Shell, CRM Proc. Lecture Notes Ser., vol.21, AMS
Publications, Providence, R.I. 1999, pp. 267-280.
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C Conference Proceedings, Invited or refereed conference presentations

[C1] ADAMO, Y., V. ASTARITA, M. FLORIAN, M. MAHUT, J.H. WU, Modelling the Spill-
Back of Congestion in Link Based Dynamic Network Loading Models : a Simulation Model
with Application, (A. Ceder ed), Transportation and Traffic Theory: Proceedings of 14th
International Symposium, Pergamon, 1999, 555-573.

[C2] BENGIO, Y., S. LATENDRESSE, and C. DUGAS, Gradient-Based Learning of Hyper-
Parameters, to appear in Proc. of Learning Conference, Snowbird, Utah, 1999.

[C3] BENGIO, Y., Yet Another Way to Defy the Curse of Dimensionality: Gradient-Based
Learning of Hyper-Parameters, presented at the Large Data Sets workshop, May 6-8, Wa-
terloo, Ontario, 1999.

[C4] BENGIO, Y., Probabilistic Neural Network Models for Sequential Data, Proc. Interna-
tional Joint Conference on Neural Networks 2000, vol. V, (2000), 79-84.

[C5] BENGIO Y., Learning from Structured High-Dimensional Data, Meeting of the Canadian
Mathematical Society, Montreal, December 11-13, 1999.

[C6] CHAPADOS, N. and BENGIO, Y., VaR-based Asset Allocation using Neural Networks,
Computational Finance 2000, London, U.K., 2000.

[C7] DELFOUR, M.C., Intrinsic models of piezoelectric shells, Proceedings of ECCOMAS
2000 (European Congress on Computational Methods in Applied Sciences and Engineer-
ing, Barcelona, Spain, Sept. 11-14, 2000).

[C8] DELFOUR, M., J. DETEIX, M. FORTIN, G. GENDRON, Modeling and design of com-
plex composite structural parts, accepted for presentation at OPTI 2001, Seventh Interna-
tional Conference on Computer Aided Optimum Design of Structures, 28-30 May 2001,
Bologna, Italy.

[C9] DIONNE, G., Estimation des risques d’accident des flottes de véhicules, 39e Congrès an-
nuel de la Société canadienne de science économique, Hull, May 12, 1999.

[C10] DIONNE, G., Gestion des risques des flottes de véhicules : une application empirique au
Québec, Fédération Francaise de Sociétés d’Assurances, December 1999.

[C11] DIONNE, G., J. PINQUET Modèles théoriques de tarification de flottes de véhicules,
Fédération Française des Sociétés d’Assurances, Paris, December 8, 1999.

[C12] DIONNE, G., J. PINQUET Experience Rating Schemes for Fleets of Vehicles, Risk Theory
Seminar, Minneapolis, April 16, 2000.

[C13] DIONNE, G., DESJARDINS and J. PINQUET, Un modèle de tarification pour les flottes
de véhicules basé sur les accidents et les points d’inaptitudes, Société canadienne de sci-
ence économique, Montréal, May 17, 2000.

[C14] GAGNON, L., OPPENHEIM, H., and VALIN, P., R&D Activities in Airborne SAR, Image
Processing/Analysis at Lockheed Martin Canada, ICAPT 98, Ottawa July 27-30 1998.

[C15] GARCIA R. and Y. BENGIO, Portfolio Management with Artificial Neural Networks, in
FAME Research Days 1999, Geneva, Switzerland, April 16-20, 1999.

[C16] GARCIA, R., A Monte Carlo Method for Optimal Portfolios, Mathematical Finance Con-
ference, HEC-GERAD, Montreal, 1999.

[C17] GARCIA, R., Nonparametric Methods in Finance, ENSAI, Rennes (France), 99/04.
[C18] GARCIA, R., Latent Variables, Structural Parameters and Option Pricing, Financial

Econometrics 10th (EC)2, Universidad Carlos III de Madrid, December 1999.
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[C19] GINGRAS, F., Y. BENGIO and C. NADEAU, On Out-of-Sample Statistics for Financial
Time-Series, Computational Finance 2000, 1999.

[C20] GOULARD, B.,Analyse Multifractale et Mammographie, Société Canadienne Française
de radiologie, November 2000.

[C21] HADJAR, A., MARCOTTE, O., SOUMIS, F., A Branch-and-Cut Algorithm for the Mul-
tiple Depot Vehicle Scheduling Problem, conférence acceptée pour INFORMS, Salt Lake
City, mai 2000.

[C22] A. KHOUMSI, A. EN-NOUAARY, R. DSSOULI, M. AKALAY, A new method for test-
ing real-time systems, accepted at International Conference on Real-Time Computing and
Applications (RTCA), Cheju Island, South Corea, December 2000.

[C23] A. KHOUMSI, M. AKALAY, R. DSSOULI and al, An approach for testing real-time pro-
tocol entities, in IFIP TC6ŁWG6.1, 13th International Conference on Testing of Commu-
nicating Systems (TestCom 2000), (H. Ural, R. L. Probert and G.v. Bochmann eds.), KAP,
ISBN 0-7923-7921-7, pp. 281-300.

[C24] LIN, C.A., Regional modelling of the atmosphere, CGU Annual Meeting, Banff, May 1999
(invited lecture).

[C25] LIN, C.A., Simulation of severe precipitation and flash floods (SSPFF), CGU Annual
Meeting, Banff, May 1999.

[C26] MAHUT, M. Speed Maxii-nizing Car Following Models Based on Size Stopping Rules,
TRB 1999 Annual Conference, 1999.

[C27] MARCOTTE, Patrice and Gilles SAVARD A Bilevel Programming approach of Revenue
Management in the airline industry INFORMS San Antonio, San Antonio, USA 5-8 No-
vember, 2000

[C28] MARCOTTE, O., HADJAR, A., SOUMIS, F., A Branch-and-Cut Algorithm for the Multi-
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de Science Économique, 99/05; Optimization Days, Montreal, May 2000; Workshop on
mathematical physicists in Finance, Centre de recherches mathématiques, Université de
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