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Executive summary

Algebraic curves entered into coding theory in the 1980's with Goppa's introduction of algebraic
geometric codes. The proposal of elliptic curves for use in cryptography by Koblitz and Miller in
1985 culminated new elliptic curve-based cryptographic U.S. government standards in 2005. This
workshop united researchers actively working on the computational aspects of curves, in order to
explore interdisciplinary research and applications to coding theory and cryptography.

The relation between arithmetic geometry, particularly the arithmetic of algebraic curves, coding
theory, and cryptography is one of the most fruitful areas of contemporary mathematics. Since the
introduction, in 1980's, of the theory of algebraic-geometric codes by Goppa and of elliptic curves to
cryptography by Koblitz and Miller, the study of curves over finite fields has seen an explosion of
interest. This interest has seen significant advances in the theoretical algorithms and in high-level
computational tools for working with curves, codes, and cryptography.

The last decade has seen many advances in algorithms for addressing arithmetic questions
concerning the arithmetic of curves : from determining rational points on curves and Mordell-Weil
groups of Jacobians over global fields to techniques for discrete logarithms and point counting over
finite fields.

This exploratory workshop brought together 28 researchers involved in computational and
algorithmic aspects of algebraic curves and their applications. The workshop was structured to have
three expository presentations on the state of the art in the morning, with working groups to discuss
open research problems in the afternoons, reuniting for closing discussions and group presentations.

This workshop preceded the conference on Arithmetic, Geometry, Cryptography, and Codimg Theory
12 (AGCT), which took place in 30 March to 3 April 2009 at the Centre International de Rencontres
Mathématiques (CIRM). This biennial conference gathers together researchers whose interests in
geometric aspects of coding theory, random sequences, and cryptography. Discussions began at the
Exploratory Workshop (among a subset of the AGCT participants) set the stage for research and
discussions over the course of the following week (and thereafter).

Scientific content

The Exploratory Workshop Curves, Coding Theory, and Cryptography took place from 26-28 June
2009, at the Institut de Mathématiques de Luminy. The workshop was structured to have featured
expository talks in the morning sessions on the state of the art on select topics. Afternoon sessions
were dedicated to organized working groups, and group presentations or reports provided a
mechanism for sharing open problems and ideas with the larger audience.

The first day opened with a talk by Dan Bernstein and Tanja Lange (Einhoven) on recent
developments in using new models for elliptic curves to achieve better performance in cryptography.
This traced recent developments on using alternative equations, or models, for elliptic curves to
achieve more efficient arithmetic. This work is particularly important for cryptographic applications
in embedded systems like smart cards or mobile telephony.

Gabriele Nebe (Aachen) reported on new algorithms for computing automorphism groups of codes.
This has played a key role in determining invariants of boolean functions in cryptography. Patrick
Sol\'e (Nice) presented a talk on computational aspects of codes and lattices.



Working groups on elliptic curves, low genus curves, modular forms, $p$-adic methods, and
funtion fields and codes were organized prior to lunch. These groups convened in the afternoon to
develop common research questions for presentation before closure of the day's events.

The second day began with a presentation by organizer Christophe Ritzenthaler of joint work with
Enric Nart (Barcelona) on new results problems and open problems for genus 3 curves (over finite
fields). This was followed by two talks on modular forms by Gabor Wiese (Essen), who reported on
an open repository of code for computing with modular forms, and lan Kiming
(Copenhagen),describing open problems for mod p”n modular forms. The working groups were
reconstituted and reconvened in the afternoon with reports at the end of the day.

The third day featured a talk by Claus Diem (Leipziq) on state of knowledge for the discrete
logarithm problem on plane curves. Understanding the computational complexity of this problem is
central to calibrating the security of curve-based cryptography, in order to optimize the efficiency of
such systems. This was followed by two talks on $p$-adic methods in counting points on curves, by
Henrik Hubrechts (Leuven) and Ralf Gerkmann(Mainz). These algorithms play a role in finding and
constructing secure curves for cryptography and the methods have an intrinsic mathematical interest.

The mathematical programme concluded in the afternoon with discussion of the suitability of
various follow-up activities, in particular European networks. The social programme was completed
with a traditional French dinner.

Assessment of results

The uniform response from participants was that the workshop was a success. The workshop
provided an opportunity for the introduction and interaction of young and established researchers
spanning mathematics, computer science and applications. The majority of participants attended the
conference AGCT in CIRM during the week which followed the Exploratory Workshop (joined by
some 50 additional participants). Research discussions continued into the following week during this
conference, and several research projects continue, with articles in preparation and subsequent
research visits to Luminy scheduled.

Work presented or developed at this workshop is eligible for submission and inclusion in the
(refereed) proceedings of the AGCT. Discussions of potential European research or training networks
is ongoing.




Programme

Wednesday 25 March 2009

Evening Arrival (Hotel Citadines Castellane)

Thursday 26 March 2009

09.30-09.40 Welcome by Convenor
David Kohel (Institut de Mathématiques de Luminy)

10.00-12.30 Morning Session: Coding theory and curves

10.00-11.00 Elliptic curve models
Dan Bernstein (University of lllinois at Chicago) and
Tanja Lange (Technische Universiteit Eindhoven)

11.00-11.15 Coffee / Tea Break

11.15-12.00 Automorphism groups of codes
Gabriele Nebe (RWTH Aachen)

12.00-12.30 Codes and lattices
Patrick Sole (CNRs, Sophia Antipolis)

12.30-14.00 Lunch

14.00-17.30 Afternoon Session: Working groups
14.00-15.30 Discussion and working groups
15.30-16.00 Coffee / tea break

16.00-17.30 Group reports/presentations

Friday 27 March 2009

09.30-12.30 Morning Session: Arithmetic of curves

09.30-10.15 Old and new problems on genus 3 curves
Christophe Ritzenthaler (Institut de Mathématiques de Luminy)

10.15-10.45 Coffee / Tea Break

10.45-11.30 Computing with modular forms
Gabor Wiese (Universitat Duisburg-Essen)

11.45-12.30 Mod p~m modular forms:
A level reduction result and computational problems
lan Kiming (Kgbenhavns Universitet)

12.30-14.00 Lunch

14.00-17.30 Afternoon Session: Working groups
14.00-15.30 Discussion and working groups
15.30-16.00 Coffee / tea break

16.00-17.30 Group reports/presentations



Saturday 28 March 2009

09.30-12.30 Morning Session: Curves and cryptography

09.30-10.15 On the discrete logarithm problem for plane curves

Claus Diem (Universitat Leipzig)

10.15-10.45 Coffee / Tea Break
10.45-11.30 Overview of p-adic deformation methods
Ralf Gerkmann (Johannes Gutenberg-Universitat Mainz)
11.45-12.30 Point counting using deformation
Hendrik Hubrechts (Katholieke Universiteit Leuven)
12.30-14.00 Lunch
14.00-17.30 Afternoon Session: Working groups
14.00-15.30 Discussion and working groups
15.30-16.00 Coffee / tea break
16.00-17.30 Group reports/presentations
19.30 Workshop dinner (Les Arcenaulx)
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Statistical information on participants

The workshop brought together 28 participants, including organisers, with broad participation
from across Europe as well as international participants:

Germany : 6 Belgium : 1
France : 5 Canada: 1
United States : 3 Denmark : 1
Australia : 2 Italy : 1
Ireland : 2 Spain : 1
Netherlands : 2 Switzerland : 1
UK: 2

There was strong representation of young researchers, 12 of whom were less than five years from
completion of their PhD.



