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MATHEMATICAL SCIENCES RESEARCH INSTITUTE
ANNUAL REPORT FOR 2005-2006

I. Overview of Activities, April, 2005-March, 2006

This annual report covers MSRI projects and activities that have been concluded since the
submission of the last report in May, 2005. This includes the Spring, 2005 semester programs,
the 2005 summer graduate workshops, the Fall, 2005 programs and the January and February
workshops of Spring, 2006. This report does not contain fiscal or demographic data. Those data
will be submitted in the Fall, 2006 final report covering the completed fiscal 2006 year, based on
audited financial reports.

This report begins with a discussion of MSRI innovations undertaken this year, followed by
highlights of the scientific programs, an overview of the content and operation of the programs
and workshops. We provide summary information on this year’s postdoctoral fellows, and
conclude with a survey of MSRI’s outreach and public information activities.

Full reports of all MSRI programs and workshops discussed in this report, submitted by the
organizers, are collected in the Appendix.

Innovations

The single most significant event of the past year was the return, in January, 2006 to our newly
expanded permanent building at 17 Gauss Way. While doubling the common function space of
MSRI, the expansion includes no additional offices, as we do not anticipate any increase in
membership. The space occupied by the library doubled and the shelf space tripled. The concept
of the expansion was to create a state-of-the-art auditorium, capable of seating 200 participants,
and vastly increased space for comfortable informal interactions among members and workshop
participants, with internet and blackboard access everywhere available. Whereas we previously
had only one lecture hall, we now have, in addition to the auditorium, a large seminar room, a
large common room, a patio, garden and other available outdoor space, a small conference room,
a video room and large number of carrels in the library. As we anticipate more and more use of
laptops by workshop participants, we have wireless internet access throughout the grounds, and
no additional computing laboratory space. As a result, MSRI is far more comfortable for both
program members and workshop participants, and it is possible for several events or lectures to
go on simultaneously.

At the suggestion of one of our Trustees, Joyce McLaughlin, this year we started a two-day
workshop preceding most introductory workshops entitled Connections for Women. The purpose
is to bring the women in the program (including others from outside MSRI with the same
scientific interests) to become familiar with each other and begin to form a working cohort.
Similar programs at the Institute for Advanced Study had proved very effective. The first such
workshop was held in January, 2005 in connection with the program in Image Analysis, and the
second in August, 2005 with the Nonlinear Elliptic Equations program. The first (reported in the
May, 2005 annual report) worked extremely well both scientifically and socially. The second,
although scientifically excellent, was less successful socially. In discussions with the organizers



following both workshops, we came to understand what makes the idea work well, and have
conveyed that to the organizers for the 2006-07 programs — each of the three programs will have
a Connections for Women event.

Another powerful new idea of the Image Analysis program was that of an “Emphasis Week.”
This was a highly interdisciplinary program (see the Scientist article, Minds Must Unite,
appended to the program report). It became clear in the planning of the program was that it was
going to be extremely difficult for experimental researchers to spend significant amounts of time
at MSRI. The solution was, on several occasions, to invite 6-10 experimentalists to spend a week
at MSRI to discuss, with the members of the programs, issues concerned with a specific topic.
There were few lectures: there was an introductory nature to set the scene. Most of the time was
devoted to structured, informal discussions. These were extremely successful, and we will
certainly encourage future interdisciplinary programs to create Emphasis Weeks.

Both programs of Fall, 2006 were on analytic methods of nonlinear partial differential equations.
L. C. Evans, one of the program organizers was aware that stochastic methods are becoming
more important in these areas, and were little understood by the researchers at MSRI, particularly
the younger members. To address this, Evans gave, at the beginning of the semester, a one week
minicourse in Stochastic Methods in Ordinary Differential Equations with applications to PDEs.
This came to be even more important than expected, and led to several new collaborations that
crossed both programs.

MSRI moved deliberately into training programs this year in other ways. There were two more
Professional Enhancement Program (PREP) workshops, funded jointly with the MAA, a one
month Clay Summer Institute in Ricci Flow, held at MSRI, and a training program in Stringy
Topology held in Morelia, Mexico, funded as a Pan-American Scientific Institute by the NSF.
This last was built on a course held the preceding summer at the University of the Andes in
Colombia, and as a result was extremely successful for graduate students and postdocs coming
from throughout the Americas. We have encouraged future program organizers to structure the
introductory workshops as training programs; that will be the case next year for both the
programs in Geometric Evolution Equations and Dynamical Systems. As the other Fall program,
Computational Applications of Algebraic Topology, is strongly interdisciplinary, the
Introductory Workshop will be structured to introduce researchers to the techniques and issues in
the various disciplines.

MSRI has further expanded its outreach programs, supported by funds from other agencies and
foundations and the EHR of NSF. In 2004, under the leadership of its Advisory Committee on
Mathematics Education, MSRI started a series of conferences in Critical Issues in Math
Education. The first such conference was on Issues of Assessment, held in 2004. The conference
in May, 2005 on Mathematical Knowledge of Teachers was extremely successful and had over
200 participants. As we were then in temporary quarters, the conference was held in Asilomar. It
is expected that the conference, Raising the floor: Progress and setbacks in the struggle for
quality mathematics education for all to be held at MSRI in May, 2006 will be as successful. The
content of these workshops are disseminated through videos of the proceedings, both by internet
streaming and on DVD, as well as publications in process. Plans for subsequent conferences are
already being developed. The other major K-12 program at MSRI is the support of Math Circles.



MSRI has helped the concept of Math Circles spread throughout the Bay Area; there are now
Math Circles in San José, Palo Alto and San Francisco as well as the original Berkeley Math
Circle. The San Francisco Circle is special for two reasons: it targets participants from
underrepresented groups and it also runs a circle for Teachers. The teachers bring their students
to the Math Circle, and then attend a course providing them with an enrichment experience of
their own. We are now developing a strategy to encourage and facilitate the creation of Math
Circles throughout the country (the Utah Circle is such an example) and will publicize this at a
Special Session to be held at the Joint AMS-MAA meetings in New Orleans in January, 2007.
These activities are funded by sources other than the NSF core award. It is the fact that MSRI is
an international leader in research in the mathematical sciences that puts us in the position to
attract these funds and use them to develop successful outreach programs.

Scientific Highlights

The most interesting observation to be made about the programs in all three semesters is the
extent of collaboration across the paired programs, even though their titles suggest very different
subjects. Statistical Mechanics and Image Analysis are quite different, yet the statistical methods
involved in each are sufficiently similar that researchers in both subjects attended the
programmatic seminars. Thus, Donoho and Mattingly began to talk together, then ran a brief
seminar on statistical issues of images. Similarly, the processes described by elliptic equations
tend to be convergent, quite different from the dispersive processes of the other Fall program.
Yet, a common ground was found in probabilistic approaches, spearheaded by Craig Evans’
minicourse on Stochastic ODEs. Finally, in both Spring, 2006 programs, techniques from
Algebraic Geometry play central roles, and the workshop on Cohomological Approaches to
Solutions of Polynomial Equations attracted many string topologists. These interactions are
detailed in the individual program reports.

In Spring, 2005 there were many members of both programs from a wide variety of disciplines.
One of the members of the Statistical Physics program, Graeme Brightwell of the London School
of Economics, brought up a long-standing problem about finding optimal paths in connected
lattices: to find, in a given connected lattice, a path which is least expensive in terms of a cost
function on paths. He and Peter Winkler, one of the organizers of the program, subsequently
collaborated to prove a theorem which does this. It will have a variety of applications in
optimization, complexity theory and combinatorics. More specifically, their result is this: given a
submodular function on a distributive lattice, the theorem guarantees the existence of a maximal
chain through the lattice whose function values undercut those on any path from 0 to 1, in a
natural partial ordering connected to the submodular function, called the “worm order.” A
consequence is that in many processes one need never take a backward step. For example,
suppose a poset with real weights (positive and negative) is given and a path through the ideals,
from the empty set to the full poset, is required which avoids ideals of weight greater than some
bound. Then there is such a path in which the ideals never shrink.

The fundamental intent of the Spring, 2005 program in Image Analysis was to bring together
researchers in a variety of disciplines, experimentalists, modelers and theoreticians to pool their
resources and techniques on problems of reproduction and understanding of images. One of the
emphasis weeks, organized by David Donoho and Bruno Olshausen, was run in conjunction with



the Redwood Neuroscience Institute. In fact, one day of that week was held at RNI so that the
MSRI researchers could visit the RNI laboratories. As a result of the success of that emphasis
week, and the program in general, Donoho, Olshausen and Mumford published an article, Minds
Must Unite, published in The Scientist, June, 2005. In this article they detail the successes
achieved by bringing experimentalists and modelers together.

Two members in the Fall, 2005 program on Nonlinear Dispersive Equations, C. Zhang and
Monica Visan, began a collaboration shortly after a talk by Terry Tao on the nonlinear
Schrodinger equation. They succeeded in proving global well-posedness (global existence of
solutions) of the energy-critical case, using harmonic methods which successfully overcame
scaling issues. These methods also produced a much simplified argument for the sub-critical
case, originally proved by Bourgain and Tao. They both reported the pleasure at having initiated
this collaboration, which still continues.

Svetlana Roudenko, an assistant Professor at Arizona State University, came to MSRI originally
for the first month of the program to complete a joint work with Gigliola Staffilani. As she was
on sabbatical leave, we invited her to stay for the semester. In her exit interview she said that at
first she felt uncomfortable as a woman in a male-dominated area of mathematics, but soon
became comfortable as she began discussions with Jim Colliander and Justin Holmer on super-
critical cases of the NLS and gKdV equations. Her geometric insights into these equations
(coming from her work with Staffilani) proved essential to the understanding of blow-up in these
equations. During her stay she wrote a paper with Colliander and began one with Holmer. This
May she will visit MSRI for two weeks to complete the work with Holmer.

In October and December there were two workshops which in fact brought together the two PDE
programs in an exciting way. The first, organized by Susan Friedlander and Boris Rozovsky, on
Fluid Dynamics, brought home, through applications to fluids, the value of stochastic methods in
nonlinear PDEs. The second, Probability, Geometry and Integrable Systems culminated this
semester of partial differential equations by bringing together a stellar group of analysts. These
particular lectures were noteworthy:

Igor Krichever presented a much simplified proof of the Novikov conjecture: His argument
exposes a direct connection to spectral theory on compact Riemann surfaces and provides new
insights into the use of analytic methods in algebraic geometry.

Bjorn Birnir announced the surprising result that turbulence can occur in relatively simple flows
without the presence of singularity formation. He produced examples of non-smooth solutions to
the Navier-Stokes equations of a strong uni-directional flow in two and three dimensions.

Lai-Sang Young described the first proof of the existence of a strange attractor in the phase space
of a partial differential equation (PDE). Until recently, strange attractors had been known to exist
only for maps and there was no proof that ordinary differential equations (ODEs) possessed
strange attractors in their phase space.

Harvey Segur discussed shallow wave actions, and described a model in which rip tides occur at
intervals along the beach as a result of the backflow of water waves: after breaking, the wave



moves along the shore up to a point and then the water flows back to the sea. He constructed
visual models based on this analysis, and then showed aerial photographs of a shoreline
revealing the same periodic backflow along the beach.

Troy Story of the department of Chemistry, Morehouse College, spoke on his recent book on a
differential geometric approach to the Navier-Stokes equations at the Modern Math workshop at
Spelman and Morehouse Colleges in Atlanta, October, 2005. This work was based on research
he had done as a member in the 2003 MSRI program on Differential Geometry.

Our summer graduate workshops were very successful in 2005 (see the Organizers’ reports). One
in particular, on Mathematical Graphics, held at Reed College, led to remarkable student
projects, all now available on the web. The program is an introduction to Java and Postscript for
graduate students, but the heart of the program is in these projects, where the students learn to
use these tools to visually explain the theoretical mathematics that they know. This deepens their
understanding of that mathematics, and provides them with a tool that will help them visually
experiment with their mathematics throughout their careers.

MSRI Experiences

Each year we write to organizers and postdoctoral fellows from programs held two, four and ten
years ago to ask for an update on the effect of the program on the disciplines and their careers.
Here are the responses we have received so far:

From Gregg Zuckerman: One of the fields discussed during 2001-2002 was the representation
theory of finite and locally finite dimensional Lie algebras. The main new tool in the subject is
the Fernando-Kac subalgebra associated to a module over such a Lie algebra. This association is
a counterpart to the attachment of a Zuckerman functor to each subalgebra of Lie algebra. (Kac
was present for various periods during the MSRI program.)

Three of the program organizers and speakers, Penkov, Serganova and Zuckerman collaborated
during and afterwards on a paper that eventually appeared in the Duke Mathematical Journal,
December 2004. This article made extensive use of a famous paper by Beilinson and Bernstein,
both of whom were participants in the MSRI program. Penkov, Serganova and Zuckerman are
continuing to collaborate on the research that began in 2001-02. Penkov and Zuckerman have
published a number of related papers on the construction of Lie algebra modules via the derived
functors of Zuckerman functors.

From Simon Gindikin: In the Fall 2001 we had a very successful program on integral
geometry. A strong interdisciplinary nature of the integral geometry gave a possibility to
combine mathematicians from different areas: theory of representations, several complex
variables, p-adic analysis, mathematical physics, geometry, tomography. As we can estimate
now this program accelerated several very successful projects. Here a few examples:

- complex crowns of Riemannian symmetric spaces and their applications to theory of

representations and automorphic functions;

- manifolds of rational curves and their applications to nonlinear differential equations;

- new languages for analytic cohomology and connected problems of Penrose transform;



- attenuated Radon transform and its applications to computer tomography.

Several postdocs quite successfully participated in this program. I want to especially mention
Bernhard Kroerz who is now one of leading experts in harmonic analysis on symmetric spaces
and the participation in the program gave him a very strong acceleration.

From Richard Olshen: I ran the workshop on "The Genetics of Complex Disease" in Spring,
2004. It seemed a success, had more than 100 participants, more than 35 speakers, much
discussion.

It is unclear to me what influence the workshop had on the careers of people who participated.
All believed when they came in a statistical/mathematical/computational approach to studying
the genetics of complex disease. Some had more focus on linkage, some on association, some on
accurate definition of phenotypes, some on comparative genomic hybridization, many on other
aspects of microarrays. Together, we touched many bases. The group that was there has
produced many papers since, and at least one book is on the way (by Siegmund and Yakir). Did
the workshop contribute to the fertility of the field in general? Hard to say. It certainly did not
hurt. People who had never met each other met for the first time face to face. Some youngish
people who were known only by reputation to others (such at Matt Stephens, for example) got a
wide audience who saw how remarkable they are. (Now Matt, who was then at the University of
Washington, Seattle, is being sought by other places, as are others who attended.)

Comment: This passage illustrates how difficult it is to get researchers from different disciplines
together for a short time, and to be confident that real communication has taken place, let alone
assess its extent. What MSRI drew from this experience is that less is more — conferences of this
type should have more distinct focus and involve fewer people. So, when the organizers of the
Image Analysis program suggested the emphasis weeks, we embraced the idea, seeing that it had
the potential of being truly effective.

From Robert Megginson: Of the workshops I have co-organized---

1) The 2002 Modern Mathematics Workshop held at Howard University had a positive impact
on many of the minority participants (who were most of the audience) that would be difficult to
quantify, but there were specific impacts on several that are more concrete. In particular:

Troy Story of Morehouse University, an African-American mathematician and chemist, made
contacts at that workshop that led him to apply and be accepted to participate in the Differential
Geometry Year held in 2003-04. Because of his participation he was able to complete research
that led to a publication in differential geometry and presentations at research conferences on that
work. He has commented in his presentations that his time at MSRI was extremely valuable in
enhancing his career.

Mohamed Sesay, another African American mathematician at Howard University at that time,
also applied to MSRI as a consequence of the Howard workshop, and used his time at MSRI to
complete a large text on differential geometry. I do not know his publication plans, but do know
that he also credits his time at MSRI as being a crucial period in his career.



2) The 2003 Modern Mathematics Workshop held at Texas Southern University again had a
positive impact on many of the minority participants, again in unquantifiable ways for the most
part. But there is one very concrete exception:

Nkem Khumbah, an African American participant in the workshop, impressed the organizers of
the Mathematics and Vision program, and as a result participated in that program as a postdoc.
He is now visiting Michigan, and will likely accept a tenure-track offer at one of the regional
Purdue campuses. He credits the conference and following program for having a very positive
impact on his career.

From Henri Darmon (Postdoctoral fellow 1995-96): I have extremely fond memories of the
semester I spent at MSRI in the Spring of 1996. I was part of what was called "Area C" at the
time, so my research interests were outside MSRI's thematic program for that year. I confess that
my main motivation for visiting MSRI that particular semester was a personal one: my wife was
a post-doc at Berkeley. However, being at MSRI was justified on scientific grounds because of
the first-rate faculty in number theory at Berkeley (with people like Coleman, Lenstra and Ribet;
and Glenn Stevens was also visiting from BU in that period.)

The facilities provided by MSRI during my stay were superb, and the setting was an ideal one for
doing mathematics. I feel like I got a tremendous amount of research done that semester. I
remember the 95-96 academic year as a year where my research program really started to "take
off" (I was 5 years past the PhD at that time) and I think this is thanks at least in part to the ideal
working conditions I enjoyed at the MSRI during my visit.

So I take this opportunity to thank you again, 12 years later, for your support!

From Yuan Lou (Postdoctoral fellow 1995-96): I was a postdoctoral fellow for year 1995-96.
Currently I am associate professor at Department of Mathematics, Ohio State University.

That year there were four postdoctoral fellows including myself working on PDE. I do not
remember that MSRI assigned any senior faculty mentoring us (I could be wrong, if so I
apologize). However, Craig Evans was very kind and he made us involved by inviting us to the
PDE seminars at UC Berkeley. Since Craig was extremely busy, I did not get many opportunities
to interact with him, which is still a regret for me now.

Senior faculty at MSRI were very friendly to me. I remember that Professor S.S. Chern talked
with me and asked me to read papers of top experts in my field. Such advice is very helpful.

The best thing about spending one year at MSRI is that I got the chance to meet many top
mathematicians. Their talks show very pretty mathematics, and discussions with them (they were
almost all very kind to me) make me feel very encouraged. Prof. Rick Schoen at Stanford was
very kind and he invited me to visit him.

From Jie Wu (Postdoctoral fellow 1995-96): Papers Traceable to MSRI:



The following four papers are traceable to my MSRI preprints, 1995-069, 1995-070, 1995-079,
1995-080:

1. On combinatorial descriptions of the homotopy groups of certain spaces, Math. Proc.
Camb. Phil. Soc. 130 (2001), no.3, 489-513.

2. On combinatorial calculations of the James-Hopf maps, Topology, 37(1998), No. 5,
1011-1023.

3. A product decomposition of Q"3 0(XRP*2), Topology, 37(1998), No. 5, 1025-1032.

4. On the homology of configuration spaces C((M,M_0)xR"n;X), Math. Z., 22(1998), 235-
248.

In addition, the following two papers were submitted to the journals during my presence at
MSRI:

5. On fibrewise simplicial monoids and the Milnor-Carlsson construction, Topology,
37(1998), No. 5, 1113-1134.

6. On products on minimal simplicial set, J. of Pure and Appl. Algebra, 148 (2000), No. 1,
89-111.

Further development of Publication 1 is given in the following papers:

7. A braided simplicial group Proc. London Math. Soc., (3) 84 (2002), no. 3, 645--662.

8. Fred Cohen and Jie Wu, On braids, free groups and the loop space of the 2-sphere,
Progress in Mathematic Techniques, Vol.215 (2004): Algebraic Topology: Categorical
Decompositions, 93-105.

0. J. A. Berrick, F. R. Cohen, Y. L. Wong and J. Wu, braids, configurations and homotopy
groups, J. Amer. Math. Soc. 19 (2006), no. 2, 265--326.

Further development of publication 4 is given publication 9 above.

Further development of publications 2 and 3 is given in the following papers:

10. Paul Selick and Jie Wu, On natural coalgebra decompositions of tensor algebras and
loop suspensions , Memoirs AMS, Vol. 148, No. 701, 2000.

11.  Jie Wu, Murray Gerstenhaber and Jim Stasheff, On the Hodge decomposition of
differential graded bi-algebras, J. of Pure and Appl. Algebra, 162(2001), No. 1, 103-25.

12. On co-H-maps to the suspension of the projective plane, Topology and its Applications,
123(2002), 547-571.

13. Homotopy theory of the suspensions of the projective plane, Memoirs AMS, Vol. 162,
No. 769, 2003.

14.  Paul Selick and Jie Wu, On functorial decompositions of self-smash products,
Manuscripta Math. 111 (2003), no. 4, 435--457.
15. On maps from loop suspensions to loop spaces and the shuffle relations on the Cohen

groups. Memoirs AMS, Vol. 180, No. 851, 2006.

16.  Paul Selick and Jie Wu, The functor A”min on p-local spaces, Math. Zeit, to appear.

17. Paul Selick and Jie Wu, Some Calculations of Lie"{max}(n) for low n, J. of Pure and

Appl. Algebra, to appear.

18.  Paul Selick, Stephen Theriault and Jie Wu, Functorial decompositions of looped
coassociative co-H spaces, Canadian J. Math., to appear.



Totally there have been 18 papers traceable to my presence at MSRI.

Collaborators which are traceable to my presence at MSRI:

1. Fred Cohen (University of Rochester);

2. Paul Selick (University of Toronto);

3. Murray Gerstenhaber (University of Pennsylvania);

4. Jim Stasheff (University of North Carolina at Chapel Hill).

In my case, my visit at MSRI as a postdoctoral fellow helps a lot for my research in mathematics.

From David Ben-Zvi (Postdoctoral fellow 2001-02): This is a followup to a response to your
previous request for information about the impact of the MSRI postdoctoral fellowship. At MSRI
I began an intensive collaboration with Thomas Nevins, who was also a postdoc there, which
would likely not have begun otherwise. The work we embarked on at MSRI has resulted in four
papers so far (all by me and Nevins):

Cusps and D-Modules, e-print math.AG/0212094. Jour. Amer. Math. Soc. 17 no.1 (2004) 155-
179.

From Solitons to Many--Body Systems. e-print math. AG/0310490
D-Bundles and Integrable Systems, e-print math.AG/0604070
Flows of Calogero-Moser Systems, e-print math.AG/0604072.

From Henrique Bursztyn (Postdoctoral fellowship 2001-02): I was a postdoctoral fellow at
MSRI in 2001-02. The institute provided a wonderful working atmosphere, and I had a very
pleasant and productive time. Berkeley was not unknown to me - I was a graduate student at U C
Berkeley, and I'd just graduated when I took up the job at MSRI.

During my stay at MSRI, I met several interesting mathematicians, some of which became close
collaborators. In collaboration with O. Radko (who was a student at UC Berkeley at the time) |
wrote the paper

"Gauge equivalence of Dirac structures and symplectic groupoids", Ann. Inst. Fourier
(Grenoble), 53 (2003), 309-337. (MSRI Preprint 2002-10)

During my stay at MSRI, with Stefan Waldmann I also wrote: " Bimodule deformations, Picard
groups and contravariant connections", K-Theory 31 (2004), 1-37. (MSRI Preprint 2002-26.)

I started at the time discussing various issues with Marius Crainic, who was a Miller fellow at
Berkeley. This led us to the paper (in collaboration with A. Weinstein and C. Zhu, both from
Berkeley): "Integration of twisted Dirac brackets", Duke Math. J., 123 (2004), 549--607. MSRI
Preprint 2003-01
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I still have ongoing projects with Crainic in topics related to those which we started studying at
MSRI.

The program on stacks (spring 2002) was extremely beneficial to me, as it initiated me on the
subject (through excellent minicourses and lectures). I currently have a project which largely
uses what | learned then.

In short, I am certain that my stay at MSRI had a very positive and important impact on my
career as a mathematician. Although it has been 5 years, many of my current projects and
collaborators can be still traced back to that period.

From Arnold D. Kim (Postdoctoral fellow 2001-02): My fellowship at MSRI has had a
significant impact on my research. During my fellowship, I met several people who are now
close collaborators. In particular, I met for the first time Simon Arridge, John Schotland and
Vasan Venugopalan. At present, I have publications with Dr. Schotland and Dr. Venugopalan
representing our collaborations that began first during my fellowship at MSRI. These
collaborations are continuing. In addition, I have begun to discuss potential collaborative projects
with Simon Arridge. We hope to begin working on them soon.

From Stephen McDowall (Postdoctoral fellow 2001-02): I was a postdoctoral fellow at MSRI
for the Inverse Problems program, Fall of 2001. I think that the one thing which stands out as
having affected my research since then would be the contacts I made at MSRI. In particular, I
have worked on problems related to "optical tomography" and this work can, perhaps, be traced
back to my time at MSRI. I was sharing an office with Arnold Kim who works in this area. I am
part of a group of mathematicians and engineers who have just recently been awarded an NSF
"Focused Research Group" grant (approximately $1 million) to study optical tomography, and
one of the other members of this group is Arnold Kim.

From Chris Stolk (Postdoctoral fellow 2001-02): The MSRI postdoctoral fellowship was a short
time after my PhD graduation. The impact was very positive. I learnt there for the first time
about many new developments in the field (which is inverse problems, hyperbolic PDE, and
related topics from analysis). This helped me identify research directions for which I was
recently granted a prestigious Dutch grant, a VIDI grant from the Innovational Research
Incentive scheme of the Netherlands Organization for Scientific Research. This will fund a PhD
student for four years and a postdoc for 2 years. These grants are awarded to the best researchers
from a certain age category (in my case 3-8 years after the PhD). I still have fruitful
collaborations with colleagues in the United States.

From Matthias Beck (Postdoctoral fellow 2003-04): My stay at MSRI as a postdoctoral fellow
for the special semester on Discrete and Computational Geometry has had a profound impact on
my career. I think the setup of MSRI, in particular the idea of bringing in people from one or two
areas of mathematics to form "special semesters", is nothing short of ideal for a young
researcher. The ability to have a semester to concentrate just on one's own work, with dozens of
expert just down the hall at any given time, was invaluable.
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Several of my projects are directly related to the special semester I was part of. In the following
paragraphs, I try to give some ideas about them.

I continued to work on an article on what I call the partial-fractions method for counting
solutions to integral linear systems. I presented a new tool to compute the number phi_A (b) of
integer solutions to the linear system x > 0, A x = b, where the coefficients of A and b are
integral. phi_A (b) is often described as a vector partition function and constitutes a vector-type
extension of an Ehrhart polynomial. My paper since appeared in Discrete Comp. Geom. (special
issue in honor of Louis Billera).

Together with Jesus DeLoera (Davis), Mike Develin (Berkeley), Julian Pfeifle (Barcelona), and
Richard Stanley (MIT), I studied roots and coefficients of Ehrhart polynomials. It is not just an
incident that three of my coauthors were at MSRI during the special semester. Our basic question
was: is there anything special one can say about Ehrhart polynomials, as a subclass of
polynomials? The answer is yes, as described in our paper which appeared in Cont. Math.

Together with Thomas Zaslavsky (Binghamton), I continued our work on "inside-out polytopes".
It is worth noting that Zaslavsky visited MSRI for one of the workshops during the special
semester and MSRI's travel funds allowed me to visit him for a week. Our constructs aim to
unify Ehrhart theory and the theory of real hyperplane arrangements. One application--and one
of our motivations--is a geometric proof of Stanley's famous theorem that the chromatic
polynomial of a graph evaluated at -1 counts the acyclic orientations of the graph. One new
result stemming from our work is an analogous theorem about the evaluation of flow
polynomials at negative integers. Our main paper will appear in Adv. Math., and three follow-up
papers are in the process of being edited/submitted. I gave a talk on this work in the Discrete
Geometry seminar in the special semester.

Last, but by no means least, my stay at MSRI allowed me to write parts of my book "Computing
the continuous discretely" with Sinai Robins (Temple), to appear with Springer by the end of this
year. I gave a general talk about my research topics in the postdoc seminar at MSRI.

My stay at MSRI was most enjoyable and productive, and its impact on my career is still
noticeable. I thank all members of the institute, especially the permanent staff, for creating such a
relaxed and friendly atmosphere.

From Mike Develin (Postdoctoral fellow, 2003-04): My time as a postdoc at MSRI was
instrumental to my professional development. I met and got to know many researchers in my
field; in particular, my time at MSRI started an ongoing collaborative relationship with two
people I met there: Matthias Beck and Federico Ardila. The semester there was the most
productive semester of my career to date, but even beyond that it was extremely helpful in
showing me how research mathematics works. Having an interested group of people around also
helped me flesh out some ideas about tropical mathematics, then a new field which I continue to
work on ardently today. It was a phenomenal semester both in terms of contemporaneous work
and professional development.
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I1. Programs

In the appendix we have collected the final reports of the organizers on the Spring, 2005 and
Fall, 2005 programs. In this section we summarize those reports.

The programs for Spring, 2005 were:

Probability, Algorithms and Statistical Physics, organized by Yuval Peres, Alistair Sinclair,
David Aldous.

Mathematical, Computational and Statistical Aspects of Image Analysis, organized by David
Mumford, Jitendra Malik, Donald Geman and David Donoho.

The purpose of the first program was to bring together mathematicians, statisticians, computer
scientists and physicists to study the central problems of statistical mechanics and solid state
physics, especially phase transitions and percolation. The organizers consisted of two
statisticians and a computer scientist; senior personnel included Clay Senior Scholar Peter
Winkler (combinatorics), Chancellors’ professor Senya Shlosman (physics) and Marc Mezard,
physicist. The central techniques discussed were those of Monte Carlo methods, random
networks, combinatorics and ergodic theory.

The Introductory workshop set the stage for the semester’s research, featuring series of talks by
the organizers and special lectures by some of the central researchers. The full report for this
workshop appeared in the May, 2005 annual report. There were two topical workshops, one on
Monte Carlo (organized by Yuval Peres) and the other on Random Real-world networks
(organized by David Aldous). This second workshop was very well attended by a broad
spectrum of researchers from a wide variety of fields. One of the surprising outcomes of this
semester (possibly because of interactions with members in the Image Analysis program) was
the development of applications of methods of statistical physics to computational biology (see
the organizers’ report).

Peter Winkler and Alistair Sinclair organized a weekly seminar in which the postdoctoral fellows
spoke on recent papers, selected for their potential to inspire new work. This worked well, and
led to numerous collaborations among the postdocs. One of the most successful illustrates the
added value of the mix of programs at MSRI. Sergiu Elizalde was originally selected as a
postdoc for the Fall program in Hyperplane Arrangements; however Richard Stanley (at the time
a member of the Scientific Advisory Committee) urged us to extend his fellowship for the year
because of the expertise in combinatorics he would bring to the Spring programs. He
collaborated with Giulio Caviglia (a postdoc in algebraic geometry working with David
Eisenbud) and Luis Garcia (postdoc in this program) to solve a conjecture of Neil White on
equivalence of matroid bases.

At first the organizers were chagrined to learn that the program would be held at temporary
quarters. However, Peres and Sinclair worked with the directors to optimize the situation, and as
a result, both were extremely pleased with the outcome and the productivity of the program. One
factor which might have played a role was the deficiency in these quarters of small offices. It
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was necessary to put all of the postdocs and most of the senior researchers in large rooms
holding 8 to 10 desks. This forced large-scale interaction among the researchers and may have
contributed to the large number of collaborations.

The program on Image Analysis resulted from the perception of David Mumford (Applied
Mathematics, Brown) some years ago that real progress in the field could only be achieved by
bringing together for an extended period of time a diverse population of researchers:
theoreticians and experimentalists, mathematicians, statisticians, computational scientists and
engineers. When he proposed this to the Scientific Advisory committee, the concept was
embraced, particularly since David Donoho (Statistics at Stanford) and Jitendra Malik (Computer
Science at Berkeley) had agreed to spend the semester in the program. They succeeded in
bringing together, for the entire semester, a small but diverse and intense research group,
including Song-Chun Zhu (UCLA), Pietro Perona (Caltech) and Joachim Buhmann (ETH).
Attracting engineers and experimentalists for long periods proved harder, so as a result the
organizers devised the scheme of “Emphasis Weeks”: weeks devoted to a specific topic, during
which experts on the topic were brought in to interact with the core MSRI group. There were a
few talks, but the central activity was in small focused group discussions. Particularly successful
was the emphasis week on neurobiological vision, cosponsored by the Redwood Neuroscience
Institute of Menlo Park, and organized by David Donoho and Bruno Olshausen of RNI. The
entire group spent one day at RNI to visit the various laboratories.

A particular success of the program was the first “Connections for Women” workshop, organized
by Ruzena Baszy, Kathryn Leonard and Jana Kosecka, held just before the Introductory
workshop. Reports of both these workshop appeared in last year’s annual report.

The entire program stressed informal discussion and interaction. For example, there were two
weekly seminars, each running at least two hours. The seminar began with a 45-minute talk
(which in reality extended to twice that time because of in-depth questions from the participants)
followed by open discussion and comment. Because of the breadth of interests of the
participants, jargon was kept at a minimum, or explained on the spot. As a result, the seminars
were easily accessible to all; in fact, many of the members in the other program attended these
seminars because of this accessibility.

More detail on this program can be found in the organizers’ report in the appendix; in particular
data on the mix of participants and the work accomplished. This report includes a copy of an
article, “Minds Must Unite” about the purpose of the program, which appeared in the June, 2005
issue of The Scientist.

The Fall, 2005 programs were

Nonlinear Dispersive Equations, organized by Carlos Kenig, Sergiu Klainerman, Christopher
Sogge, Gigliola Staffilani, Daniel Tataru.

Nonlinear Elliptic Equations and Its Applications, organized by Xavier Cabré, Luis Caffarelli,
Lawrence C. Evans, Cristian Gutiérrez, Lihe Wang, Paul Yang.
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When these programs were proposed to the Scientific Advisory Committee, they were planned
for different semesters. The SAC urged the organizers to run the programs in the same semester
which then could be described as a semester on recent progress in Nonlinear Partial Differential
Equations. The organizers at first objected on the grounds that the subject matter was quite
different: one program is about processes which are ultimately dispersive, the other about
convergent processes. Although they could see little possibility of overlap -indeed each group
expressed concern about dilution of interest— they ultimately agreed. It turned out that the two
programs were supportive of each other, and there was a lot of interaction among the members.
Indeed, the methods of each subject were quite different; what was discovered was that in some
cases, the methods of dispersive equations could apply to those of elliptic, and vice versa.

The central study of the first program was of nonlinear PDEs arising from Physics: the
Schrodinger equation and various equations of nonlinear waves. The subject matter of the
Elliptic program was that of PDEs arising from Riemannian, conformal and complex geometry.
Study of the Monge-Ampere equations was common to both programs, and was featured in the
Geometry workshops held in both programs. Those workshops turned out to be genuinely
common to both disciplines, as was the workshop on Fluid Dynamics organized by Susan
Friedlander and Boris Rozovsky. Interaction was most visible among the postdoctoral fellows —
they almost all attended the weekly seminars in both programs.

The second MSRI “Connections for Women” workshop was held in August, immediately
preceding the Introductory Workshop for the Elliptic Equations program. The organizers were
Patricia Bauman, Alice Chang, Craig Evans and Jean Steiner. Chang and Evans each gave a
series of talks preparatory to the Introductory workshop, and there were six additional talks on
selected topics. In addition Stein and Bauman ran a “Careers — Ask and Offer” discussion. Many
Introductory workshop participants came early specifically for this preparatory workshop; as a
result the audience was about 40% male. Most participants felt that the preparatory lectures were
excellent, and for some, essential to understanding the lectures of the Introductory workshop. In
contrast to the experience of the “Connections” workshop for the Image Analysis program, the
organizers felt that there was little in the workshop that made it specific to women, even though
the majority of participants were women. As a result of the debriefing of the organizers and
participants, it was decided to focus on future “Connections” more sharply, and to emphasize
that the central purpose of the workshop is to give the women in the program an early
opportunity to build relations amongst themselves.

The program had two topical workshops, one on Interactions with Geometry, and the other on
Optimal Mass Transport. The first served to develop interactions between the two programs,
while the second brought a large number of researchers from other disciplines to MSRI.
Originally there were to be five plenary lectures delivered by Cedric Villani; a week before the
workshop he became ill and was unable to attend. In that short time, Robert McCann, one of the
semester’s research professors, was able to develop a wonderful series of talks introductory to
the partial differential techniques of mass transport. This second workshop was funded through
the FRG grant with Evans, Gangbo and McCann as principal investigators.
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Neil Trudinger of Australian National University was the UC Berkeley Chancellor’s Professor
and gave a seminar in the UCB Math department on methods of nonlinear elliptic PDEs. This
was well attended by participants in both programs as well as students in analysis at UCB.

The Spring, 2006 programs are

New Topological Structures in Physics, organized by M. Aganagic, R. Cohen, P. Horava, A.
Klemm, J. Morava, H. Nakajima, Y. Ruan.

Rational and Integral Points on Higher-Dimensional Varieties, organized by Fedor
Bogomolov, Jean-Louis Colliot-Théléne, Bjorn Poonen, Alice Silverberg, Yuri Tschinkel.

As these programs are not yet complete, the full reports will be included in the annual report,
2007. Here we can include reports on the Introductory workshops and observations on the first
half of the programs.

The Introductory workshop for the Topology/Physics program was run as a Pan-American
Scientific Institute, funded as such by the NSF, in Morelia, Mexico. This was a two-week
training program, primarily for pan-american postdocs and graduate students, culminating in a
research workshop on Stringy Topology. During summer, 2005, Lupercio and Uribe ran a
summer course on String theory at the University of the Andes in Columbia; this served as
excellent preparation for graduate students intending to attend the Morelia program. Lupercio
and Uribe gave the basic lecture series in Morelia, while Michael Hopkins, Dennis Sullivan and
Peter Teichner gave lectures more specific to the topological study of structures arising from
fundamental particle physics. Many of the MSRI postdocs attended both weeks of the program,
and most MSRI members were thee for the second. The participants were enthusiastic about the
series of talks by Hopkins, Sullivan and Teichner; these set the stage for the research lectures of
the second week, as well as the research of the MSRI program.

The Introductory workshop for the Rational and Integer Points program was held at the
International House on the UC Berkeley campus. There were over 120 participants. The
International House proved very good for the cohesion of the group — there was ample time and
opportunity for extensive discussion. Many of the talks led to collaborations which continued on
into the semester. For example, after Caporaso’s talk, Poonen asked about the relevance of her
talk to the conjectures of Campana on potential density of rational points. The ensuing discussion
proved so promising that Campana was asked to give a series of lectures at MSRI in the ensuing
weeks on those conjectures. At this time, Caporaso, Campana and others are completing what
appears to be important progress on the conjectures.

This program, essentially about finding rational solutions to systems of polynomial equations
with rational coefficients, is remarkable on the breadth of mathematics involved, ranging from
harmonic analysis, ergodic theory, through algebraic geometry to commutative algebra. Another
interesting aspect of this area of research is that it is built around a network of fundamental
conjectures more so than theorems. Examples are extensively studied, with the effect of
supporting or modifying the conjectures. As with Fermat’s Last Theorem and the Riemann
Hypothesis, an entire edifice of mathematics is built around these key conjectures, and progress
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consists in verifying the conjectures in key classes of examples. The strength of the MSRI
program lies in the fact that many points of view and diversity in technical expertise are brought
to bear on this set of problems with very positive results.

II1. Workshops

Each of the programs had several topical workshops, which have been touched upon in the
preceding section and are fully reported in the appendix. Here we will briefly review the other
workshops held since April, 2005. Full reports are in the appendix.

PREP Workshop: Geometric Combinatorics, June, 2005, organized by Francis Su.

Analytical and Stochastic Fluid Dynamics, October, 2005, organized by Craig Evans, Susan
Friedlander, Boris Rozovsky, Dan Tataru and David Ellwood

Workshop on Modern Mathematics: An Introduction to 2006-07 Programs at MSRI,
October, 2005, organized by Sylvia Bozeman, Masilamani Sambandham and Hugo Rossi

Flavors of Groups, November 2005, organized by Mladen Bestvina, Jeff Brock, Jon Carlson,
Persi Diaconis, Hugo Rossi

Probability, Geometry and Integrable Systems, December, 2005, organized by Bjorn Birnir,
Darryl Holm, Charles Newman, Mark Pinsky, Kirill Vaninsky, Lai-Sang Young.

The PREP workshop was partially funded by the Mathematical Association of America. It was a
repeat of the workshop run by Prof. Su the preceding year. That was so successful that the MAA
invited MSRI and Prof. Su to submit a proposal for this repeat. As in the preceding workshop,
this was directed toward instructors of undergraduate mathematics, with the purpose of
developing certain ideas from combinatorial geometry for the classroom.

The Fluid Dynamics workshop was cosponsored by the AOR and the Clay Mathematics
Institute. In content it overlapped the two programs of the Fall, and thus attracted a large
audience from within MSRI as well as the Fluid Dynamics community from outside. The
interactions of PDE theoreticians with this particular applied problem was mutually beneficial.

The workshop on Modern Mathematics was held at Spelman and Morehouse Colleges with the
intent of introducing the mathematics of MSRI 2006-07 programs for recruitment opportunities.
The workshop went extremely well in this sense, although it must be said that the highlights of
the workshop were the non-programmatic presentations of Chris Jones, on atmospheric
dynamics, and Lisa Fauci, on computational biology. There is strong interest in these areas in the
Atlanta community, and the presentations of Jones and Fauci were particularly exciting
intellectually.

The workshop, Flavors of Groups was held at the Banff International Research Station. The

purpose was to bring together the key researchers and organizers of the 2007-08 MSRI programs
so that they could begin to interact scientifically and form plans for common activities. This is
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the first time MSRI tried this, and it was a success both scientifically and organizationally. There
were these specific outcomes: both semesters will have integrated introductory workshops, and
MSRI will advertise for full year postdoctoral fellows in the areas of Groups, Topology and
Representations.

The December workshop was held at the International House on the UC Berkeley campus. We
used two rooms for this purpose, so that there was ample space for lectures, poster sessions and
discussions. In a sense this was the culmination of the semester on Analysis, and many of the
program members stayed for the workshop. At the workshop the organizers were struck by the
number of excellent expository talks as well as the depth of the research presented. It was
decided to prepare a volume for the MSRI Book Series based on the proceedings of this
workshop. For detailed descriptions of the mathematics, see the report in the appendix.

Summer Workshops

In 2005 MSRI offered three summer workshops for graduate students and advanced
undergraduates, and co-sponsored another two workshops. MSRI was asked to cosponsor
because of our direct access to graduate students through the MSRI network of academic
sponsoring institutions. In addition, MSRI hosted the month-long 2005 Clay Mathematics
Institute. For the MSRI workshops, we accepted students nominated by graduate directors until
the allotted spaces were filled, while for the cosponsored workshops, students applied and were
chosen by the workshop selection committee. The workshops were these (the first three are the
MSRI summer workshops):

Mathematical Graphics, organized by David Austin, Bill Casselman and Jim Fix, held at Reed
College.

CR Geometry: Complex Analysis Meets Real Geometry and Number Theory, organized by
John D’ Angelo, held at MSRI.

Computing the Continuous Discretely: Integer Point Enumeration in Polyhedra, organized
by Mathias Beck and Sinai Robins, held at BIRS.

Graduate Student Warm-Up Workshop in Algebraic Geometry, organized by Séandor
Kovécs, Tony Pantev, and Ravi Vakil, held at the University of Washington.

AMS-IMS-SIAM Summer School in Commutative Algebra: Local Cohomology and Its
Applications, organized by Anurag Singh and Uli Walther, held at Snowbird, Utah.

Clay Mathematics Institute 2005 Summer School Ricci Flow, 3 Manifolds and Geometry,
organized by Gang Tian, John Lott, John Morgan, Bennett Chow, Tobias Colding, Jim Carlson,
held at MSRI.

In all, MSRI supported 130 students, of whom 42 were women and 11 were from under
represented minorities. Nine came from institutions outside the U. S. There were 101 students

18



who attended the Clay Mathematics Institute Summer School, 11 of whom were supported by
MSRI.

In 2006 we will again offer three summer workshops, and will cosponsor another two. These are:

Mathematical aspects of computational biology (June 19-30, 2006): H. Laudenbacher, L.
Pachter, at MSRI.

Data Assimilation for the Carbon Cycle (July 16-28, 2006): Inez Fung, with support from
NCAR and LBNL, at MSRI.

Computational Number Theory (July 31-August 11, 2006), William Stein, at MSRI.

Low Dimensional Topology (June 25-July 15, 2006 at IAS/PCMI), Thomas Mrowka, Peter
Ozsvath, at Park City, Utah

Representations of SL(2,R) (May 22- June 2, 2006 at Snowbird), Bill Casselman, Dragan
Milicic, Peter Trapa, at the University of Utah.

The first two workshops were accepted by the SAC several years ago, and the third was selected
upon the suggestion of Barry Mazur member of the SAC. Inez Fung is one of the designers of
the algorithms for weather prediction now in use at the National Center for Atmospheric
Research. In her workshop, the students will learn the basics of Navier-Stokes flow and the
relevance to weather prediction of carbon levels at several altitudes. Then they will work in
groups, using two different algorithms and data supplied by NCAR (and on the parallel
processors at LBNL) to make real-time predictions. In the number theory program, the students
will learn about modular forms and how to do calculations using the program SAGE, created by
William Stein. We have found that the most valuable summer workshops for students have this
blend of theoretical and computational mathematics, common to all three programs.

IV. Postdoctoral Fellows

In the academic year 2005-2006 there were 35 postdoctoral fellows at MSRI; two of whom were
full year appointments. Three were on NSF awards (MSPRF), another two were funded by
sources outside the core NSF grant. 25 came from US institutions, 4 from Canada, and one each
from Australia, China, France, Italy, Japan, Korea.

15 received the Ph.D. in 2005 and 20 came to MSRI from other positions: 5 from tenure track
appointments, 9 from named instructorships or assistant professorships (temporary faculty
appointments), and 13 from other postdoc appointments.

Of the 35 postdocs, at this time, only two have not yet secured positions for next year. 9 will be
at tenure-track positions, 8 at named assistant professorships, one in industry, and 15 at other

postdoctoral fellowships.

These data are detailed in the accompanying table.
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Postdoctoral Fellows 2005-2006

First

From

Nonlinear Dispersive Partial Differential Equations

Kaihua
Dan
Daniela
Xiangjin
Jacob
Jason
Toan
Matthew
Justin

Last PhD

year
Cai 2005
Geba 2002
de Silva 2005
Xu 2004
Sterbenz 2003
Metcalfe 2003
Bejenaru 2004
Blair 2005
Holmer 2004

Caltech

UC Berkeley
MIT

U Va
Princeton U
UC Berkeley
UCLA

U Wash

UC Berkeley

Nonlinear Elliptic Partial Differential Equations

Truyen

Nirmalendu
Maria
Luigi
Yifeng
Sun-Sig

Nguyen

Chaudhuri
Gonzalez
De Pascale
Yu

Byun

Complementary Program

Aaron
Jamylle

New Topological Structures in Physics

Aliaa
Vincent
Bohui
Tom

Christopher
Lee
Nora

Anca

Dragos Andrei
Antonio
Hsian-Hua
Hiroshi

Siegel
Carter

Barakat
Bouchard
Chen
Coates

Douglas
Ganter

Mustata
Mustata
Ramirez
Tseng
Iritani

2005

2001
2004
2001
2005
2003

2005
2003

2005
2003
2001
2003

2005

2004

2003
2003
2005
2005
2005

Temple

Aus Nat'l U
UT Austin
U Pisa

UC Berkeley
Seoul NU

UC Berkeley
U Minnesota

MIT

U Penn
Sichuan U
Harvard

Stanford U

U 111, Urb-
Cham

U Ill, Chicago
U 111, Chicago
UBC

UBC

Kyoto Univ

Position

Grad Student

Morrey Asst Prof

Grad Student

Whyburn Instructor
Veblen Instructor

MSPRF

Asst Adjunct Prof

Grad Student
MSPRF

Grad Student

Postdoc

Asst Prof
Asst Prof
Grad Student
Asst Prof

Grad Student
Postdoc

CLEM

Postdoc
Professor

Peirce Asst Prof

MSPRF

Doob Rsrch Asst
Prof
Vis Asst Prof

Asst Prof
Postdoc
Postdoc
Postdoc

Rational and Integer Points on Higher Dimensional Varieties

Mirela
Peter
Alina
Maria

Aaron
Olivier
Ronald

Ciperiani
Clark

Cojocaru
Sabitova

Levin
Wittenberg
Van Luijk

2005
2003
2002
2005

2005
2005
2005

Columbia
McGill U
Princeton U
CRM,
Montreal
UC Berkeley

U Paris-Sud

CRM,
Montreal

Ritt Asst Prof
Postdoc
Instructor
Visitor

Grad Student
Grad student
Postdoc
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Mentor

Chris Sogge
Dan Tataru
Chris Sogge
Chris Sogge
Daniel Tataru
Chris Sogge
Daniel Tataru
Smith

Daniel Tataru

Christian
Gutierrez
Paul Yang

Paul Yang
L. C. Evans
L.C. Evans
Paul Yang

E. Berlekamp
Hugo Rossi

Albrecht Klemm
Mina Aganacic
Yongbin Ruan
Albrecht Klemm

Paul Cohen
Ralph Cohen

Yongbin Ruan
Yongbin Ruan
Ralph Cohen

Yongbin Ruan
Yongbin Ruan

Ken Ribet

R. Parimala
Rene Schoof
Yu, Zarhin

Bjorn Poonen
Colliot-Thelene
Skorobogatov

To

IAS

UC Berkeley
Johns Hopkins
U Va

UC San Diego
UC Berkeley
UCLA

Johns Hopkins
UC Berkeley

Georgia Tech

U Wollangong
UT Austin

U Pisa

UC Berkeley
Seoul NU

Industry
SFSU, Laney

MIT
Waterloo
Sichuan U
Imperial

College
Stanford U

U 111, Urb-
Cham

U 111, Chicago
U I1l, Chicago
UBC

UBC

U Tokyo

Columbia

U Georgia

U Ill, Chicago
U 111, Urbana

undecided
undecided
PIMS

Position

Postdoc
Morrey Asst Prof
Postdoc

Whyburn Instructor

Veblen Instructor
MSPRF

Asst Adjunct Prof
FRG Postdoc
MSPRF

Instructor

Asst Prof
Asst Prof
Asst Prof
Postdoc

Asst Prof

Instructor

CLEM
Postdoc
Professor

Fellow of the
RoyalSociety
MSPRF

Doob Rsrch Asst
Prof
researcher

Asst Prof
Postdoc
Postdoc
Postdoc

Ritt Asst Prof
Asst Prof
Asst Prof
Postdoc

undecided
undecided
Postdoc



Aaron Levin and Olivier Wittenberg were still graduate students in the Fall semester before the
program started. Levin finished his PhD work in Fall, 2005 and now has not yet decided among
several offers. Wittenberg was at MSRI partially on a graduate student fellowship, and will
receive his PhD in 2006 and then take a Postdoctoral Fellowship in France. The two full-year
appointments, Jamylle Carter and Aaron Siegel were in the complementary program. Hugo Rossi
served as Carter’s mentor; her research activity was in numerical partial differential equations,
continuing work with her PhD advisor, Tony Chan. She had several interactions in the Fall
semester with members of the Differential Equations programs, none in the Spring. She was a
half-time MSRI postdoc, the other half was an adjunct position at San Francisco State University
(which she is continuing next year). In the Spring semester she became involved in the Math
Circle at SFSU, teaching one of the classes. Aaron Siegel’s field of research is combinatorial
game theory, and Elwyn Berlekamp served as his mentor. After his talk at the Postdoc seminar in
the Fall, several researchers became interested in game theory and asked Siegel to give some
supplementary lectures. These resulted in some unanticipated collaborations.

Papers by Postdoctoral Fellows
Jamylle Carter, Multilevel methods for dual total variation minimization.

Nirmalendu Chaudhuri
1. A note on the smoothness of energy-minimizing incompressible deformations.
2. On twice differentiability of certain non-convex functions.

Bohui Chen
1. Coni-orbifolds and symplectic surgery. (with An-min Li, G. Zhao).
2. The Abreu's equation. (with An-min Li).
Papers that started:
1. Virtual localization on realtive Gromov-Witten invariants.
2. The Gromov-Witten invariants on quintic.

Peter Clark

1. Period-index problems in WC-groups II: abelian varieties (revised).

2. Abelian points on algebraic curves (preprint, written entirely at MSRI).
3. Indices on curves over local fields (preprint, begun at MSRI).

Tom Coates

1. S1-Equivariant Gromov--Witten theory and Givental's Lagrangian Cone (with Alexander
Braverman)

2. The Orbifold Quantum Cohomology of Weighted Projective Space (with Alessio Corti and
Hsian-Hua Tseng)

3. On The Crepant Resolution Conjecture for P(1,1,2) (with Corti, Tseng, and Hiroshi Iritani)

Alina Cojocaru, Frobenius fields for Drinfeld modules of rank 2 (with Chantal David)
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Daniela de Silva:

1. Global well-posedness for a nonlinear periodic Schrodinger equation in 1D and 2D, with
Natasa Pavlovic, Gigliola Staffilani, Nikos Tzirakis.

2. Local well-posedness for a quadratic NLS in 2D, with loan Bejenaru.

3. On the De Giorgi conjecture in 2D.

Nora Ganter

1. Representation and character theory in 2-categories (with M. Kapranov).
2. An arithmeitc 2-variable elliptic genus (with M. Ando and C. French)

3. Stringy power operations in Tate K-theory.

Luigi De Pascale

1. Asymptotic behavior of two non-linear eigenvalues problems involving p-Laplacian type
operator.

2. Equivalence of two sequences of non-linear eigenvalues of the p-Laplacian

3. Two lectures on random turn games and the Aronsson-Euler equation (in preparation,

expository paper).

Dan Andrei Geba:

1. A phase space transform adapted to the wave equation, with Daniel Tataru.

2. Gradient nonlinear wave equations on curved background in 4+1 dimensions, with Daniel
Tataru.

3. Counterexamples for defocusing wave equations, with Matthew Blair.

4. Improved local well-posedness for the minimal surface equation, with Jason Metcalfe.

Maria Del Mar Gonzalez:

1. Singular Yamabe problem for iterated cone-edge type sets.

2. Singular Yamabe problem for iterated cone-edge type sets, with R. Mazzeo, F. Pacard.
3. A perturbation argument in optimal transportation, with L. Caffarelli, T. Nguyen.

Justin Holmer

1. Blow-up solutions to 3d cubic NLS (with Svetlana Roudenko)

2. Global Well-posedness for the Zakharov system and Klein-Gordon-Schroedinger system (with
Jim Colliander, Nikos Tzirakis)

3. Uniform Estimates for the Zakharov system (with Daniel Tataru)

Hiroshi Iritani, Convergence of quantum cohomology by quantum Lefschetz

Jason Metcalfe

1. General quasilinear wave equations with localized dissipation in exterior domains (with M.
Nakamura)

2. Elastic waves in exterior domains, Part I: Almost global existence.

3. Global existence of null-form wave equations in exterior domains (with C.D. Sogge)

4. Almost global existence for quasilinear wave equations in waveguides with Neumann
boundary conditions. (with Anne Stewart)

22



Anca and Alexei Mustata
1. Universal relations of the stable map space
2. On the J-function and quantum cohomology of a projective Fano manifold

Anca Mustata, Chern classes of stable map spaces

Antonio Ramirez
1. Open-closed string topology via fat graphs.
2. A categorical model for open-closed mapping class groups.

Hsian-hua Tseng
1. Equivariant orbifold Gromov-Witten theory
2. Quantum cohomology of weighted projective stacks

Ronald van Luijk

1. Canonical vector heights on K3 surfaces with Picard number three (with Arthur Baragar)
2. Nontrivial Sha for curves of genus 2 arising from K3 surfaces (with Adam Logan)

3. Non-Euclidean Pythagorean triples (with Robin Hartshorne)

Truyen Van Nguyen:

1. Interior Holder regularity for solutions of the Monge-Ampere equation, with Cristian
Gutierrez and Gingbo Huang.

2. On the regularity of optimal maps for p-power cost functions, with Luis Caffarelli and Maria
del Mar Gonzalez.

3. Regularity of optimal maps for logarithmic cost functions, with Robert McCann.

Xiangjin Xu

1. Homoclinic orbits for first order Hamiltonian systems with convex potentials.

2. New Proof of Hormander Multiplier Theorem on Compact manifolds without boundary
3. Eigenfunction estimates and multiplier problems on compact manifolds with C"*' metric.

V. Mathematics Education and Awareness

There are these components of our program to develop better understanding and
appreciation of mathematics throughout the research, educational and public
communities: the MSRI Book Series, Conferences, Training Programs, Math Circles and
Special Outreach Events. These are funded through resources outside the core NSF grant;
the strength and standing of our research programs provides the credibility required to
develop these other resources.

The MSRI Book Series, published by the Cambridge University Press

This series now comprises 52 volumes, with three in preparation and 2 accepted project
proposals. The volumes published since May, 2005 are:
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44. Survey in Algorithmic Number Theory, edited by Buhler and Stevenhagen,
51. Trends in commutative algebra, edited by Avramov et al;
52. Combinatorial and computational geometry, edited by Goodman, Pach, Welzl.

All three volumes are developments based on MSRI research programs.
These volumes are nearing completion:

Assessing Mathematical Proficiency, edited by Schoenfeld, a proceedings, with overview
articles and commentary, of the 2004 Conference on Critical Issues in Mathematics
Education.

Dynamics, Ergodic Theory and Geometry, edited by Hasselblatt; a proceedings with
survey articles, based on an MSRI workshop held in October, 2004.

Games of No Chance 111, edited by Nowakowski and Albert; a continuation of the
popular series on Game Theory.

Conferences on Critical Issues of Mathematics Education
This May MSRI will host the third in this series of conferences:

Raising the floor: Progress and setbacks in the struggle for quality mathematics
education for all, May 7- 10, 2006

Organized By: Deborah Ball, Herb Clemens, Carlos Cabana, Ruth Cossey, Bob
Megginson, Bob Moses

The purpose of this series is to advance the dialog on these critical issues among the
various stakeholders. As a result the conferences have participants from a broad spectrum
of interest: mathematical scientists, mathematics educators, industry, policy makers,
teachers. The stress in these conferences is on interaction; thus there are a few plenary
lectures, a few panel discussions, and many “break-out” sessions where groups can
examine and debate the ideas exposed in the lectures and panels. Each of the preceding
conferences (the first on Assessment and the second on the Mathematical Knowledge of
Teachers) have led to the publication of a proceedings. All these conferences can be
viewed by streaming video on the internet.

Math Circles

This project has been introduced earlier, in the Overview. We have assembled a strong
group at the various Bay Area Circles, with deep prior experience in extracurricular
mathematics programs for school children. This puts MSRI in the position to create
throughout the US a network of Math Circles. For this purpose we are creating a video of
various Math Circles in action, illustrating the variety of approaches possible. We have a
first draft of this video. In addition, we are preparing a “start-up kit” (called Circle-in-a-
box) to be ready to distribute at an already scheduled AMS special session at the joint
meetings in New Orleans in January, 2007.
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Training Programs

In 2004 MSRI hosted the first Professional Enhancement Program (PREP), supported by
the MAA. The purpose of these programs is to bring the ideas of current mathematical
research to bear on undergraduate teaching to enhance the texts of the curriculum. The
first, on Algebraic Combinatorics, by Francis Su, was repeated again in 2005; we also
had one on Image Analysis. See the appendix for the reports on these programs. There is
one scheduled for June, 2006 on Monte Carlo methods, organized by David Levin, Yuval
Peres and Elizabeth Wilmer. We plan to continue to propose to the MAA these PREP
workshops based on MSRI programs.

In this connection we mention the MSRI sponsored course for teachers, held at the San
Francisco State University at the same time as the Math Circle. The purpose of this
course is to train the teachers in solving the kinds of problems their students see in the
Circle. In the same vein, we held a day of problem solving techniques at MSRI:

The Art of Problem Solving, February 24, 2006, organized by Paul Zeitz

To which teachers were invited to explore the beauty of mathematics, rediscover the fun
of problem solving, and the joy of playing with mathematics.

This June MSRI will also host a Chautauqua workshop on Two-Person Games, by
Morton Brown. Our facilities, reputation and reach throughout the community of
mathematical sciences are proving to be major factors in attracting these events.

Public Outreach Special Events

Booksigning Reception for Michele Emmer, June 6, 2005
Booksigning party to celebrate the release of "The Visual Mind II" - edited by Michele
Emmer and published by Leonardo/ISAST and the MIT Press.

Special Seminar Talk: Richard Tapia -- Noah Harding Professor (Rice University)
On Sizing and Shifting the BFGS Update within the Sized- Broyden Family of Secant
Updates, September 23, 2005

This talk was part of a three day visit to UC Berkeley, the point of which was to discuss
successful retention programs for minorities. Professor Tapia returned in March, 2006 to
speak at UCB as the Regents Colloquium Professor.

Good News, Everyone! Mathematical Writers from The Simpsons and Futurama,
October 16, 2005

MSRI event with writers from The Simpsons and Futurama—David X. Cohen, Ken
Keeler, and Jeff Westbrook—who all have backgrounds and advanced degrees in either
mathematics or computer science, and moderator Sarah J. Greenwald. The freewheeling
conversation took place in the Valley Life Sciences Building's Chan Shun Auditorium at
UC Berkeley, and overflowed into two adjoining rooms. The attendance was over 600.
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Christopher Taylor in Conversation with Bob Osserman, November 05, 2005
Christopher Taylor and Bob Osserman explored how harmoniously music and math inter-
relate to each other.

Mathematical Institutes Open House & Reception at the San Antonio Joint
Meetings, January 12, 2006

From Einstein to Koyaanisqatsi: Philip Glass in conversation with Robert
Osserman, February 18, 2006

This event, part of the Series on Music & Mathematics, took place at the Herbst Theatre
in San Francisco, in conjunction with live performances of the Philip Glass Ensemble
accompanying the three films of the Qatsi trilogy(shown in San Francisco on February
17, 18, and 19.

The Simons Auditorium Opening, March 2-6, 2006

This set of events featured three talks by Sir Roger Penrose, the first of which was the
Inaugural lecture of the new Simons auditorium in Chern Hall, the newly renovated
MSRI building. His second lecture was a public lecture held on the UCB campus, and the
third was a lecture in the seminar of the program on Topological Methods in Physics.
There were about 200 participants in each of the first two lectures, and 60 in the seminar.

BAMO Awards Ceremony, March 7, 2006

Participants in the Bay Area Mathematical Olympiad, their teachers and parents were
invited to MSRI for a luncheon at which the awards were presented. The event featured a
talk by Art Benjamin, Proofs that Count, which presented new insights into the Fibonacci
sequence which the students, teachers and even some of the parents could quickly grasp.
There were over 150 participants.

Who Wants to Be a Mathematician?, April 5, 2006

This event is one of a series sponsored by the AMS. It is a fun competition of
mathematical knowledge, modeled after a popular TV program. A preliminary round was
held at San Francisco State University the preceding day.

VI. Industrial Participation

Despite signs of economic recovery in the Silicon Valley, companies are still very conservative
in their research spending, resulting in a slow ramp-up for MSRI’s Corporate Affiliates program

in 2005-06.

A new Industry Internship Program (IIP) was launched, on an experimental basis, in October

2005. The goals of the program include:

e To provide exceptional mathematics students with the opportunity to participate in

mathematically interesting work in an industrial setting.

e To provide a pipeline for industry affiliates to the top mathematics students at the level of

junior and senior undergraduate, and early graduate.
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e To publicize and promote non-academic career paths in mathematics.

MSRI invited companies in the finance and computing industries to participate in the IIP by
offering summer internship positions. Three companies responded positively: D. E. Shaw & Co.
(New York), the Bear Stearns Co. (New York), and the Microsoft Corporation (Redmond, WA).
On the other hand, MSRI advertised the program among its Academic Sponsor institutions,
soliciting them to encourage their best mathematics students to apply for the internships. A
particular effort was made to target institutions with a good track record of support for the
advancement of women and under-represented minorities in mathematics. A total of sixty six
applications were received and screened, and the best candidates were referred to the
participating companies, to fill five internship positions. As of the writing of this report, the
companies are proceeding with their own screening and interview processes to fill the positions.

In addition to its participation in the IIP, Microsoft remained an MSRI Corporate Affiliate and
continued to support the institute. Discussions with Hewlett Packard continued, with a view to
renewing this corporation’s support of MSRI. Several activities of mutual interest were
identified, and the company remains interested in future interactions, although it did not
materially contribute to our programs this year.

Other companies in the computing sector contacted to partner with MSRI, either in scientific
programs or internships include Adobe, Google, IBM, Sun Microsystems, and Yahoo. We
believe that we will soon run some projects cosponsored by Google.

The Intel Corporation was a sponsor of the workshop on Mathematics of Relaying and
Cooperation in Communication Networks held at MSRI April 10—12, 2006. The workshop
attracted mathematicians, information theorists, and communication experts, and included an
industry panel on the practical applications of this active research area. The panel featured
representatives from Intel, Lucent, Motorola, Beceem, and Flarion/Qualcomm.

MSRI’s educational outreach activities continued to attract solid corporate and private support.
In particular, Moody’s KMV supported the San Francisco Math Circles held at San Francisco
State University. This program specifically targets under represented minorities from the San
Francisco School District. While recruiting students, it became apparent that to insure retention it
was necessary to involve the teachers in the programs as well, to provide motivation and
transportation. Thus, a for-credit SFSU course, Circles for Teachers was created. The Bechtel
Foundation, when made aware of this, offered funding to compensate the teachers and to cover
their tuition expenses. Microsoft, the Noyce Foundation, the Pacific Journal of Mathematics,
and Texas Instruments are supporting this year’s Mathematics Education conference (Raising
the floor: Progress and setbacks in the struggle for quality mathematics education for all, May
7—10, 2006).

MSRI continues to recognize the importance of the interface between mathematics and biology.
A workshop on Mathematical Systems Biology of Cancer, co-sponsored by the Lawrence
Berkeley National Laboratory and SRI International, will take place May 3—25, 2006. The new
MSRI Simons Biology Colloquia series opens on April 25, 2006. The series will feature lectures

27



by leading researchers in the biological sciences, aimed at mathematicians and other scientists
from academia and industry.

VII. Future Programs

MSRI semester programs are selected by the Scientific Advisory Committee about three years in
advance. Many come in as preproposals — a two or three page submission by the putative
organizing committee describing the scientific intent of the program, and justifying it on the
grounds of availability of key researchers. SAC looks for programs for which the research in the
area is at a stage where productivity is likely to be greatly enhanced bringing together
researchers with a variety of perspectives. Naturally the members of SAC are also aware of areas
in that stage, and as a result, many programs are solicited. Here we detail the genesis of the
programs for the first two years.

At the January, 2003 SAC meeting, member Susan Friedlander suggested that it would be timely
to have an MSRI program in dynamical systems, because of recent significant progress in
applied areas (biology and atmospheric research) based on theoretical work. At SAC’s
suggestion she approached Chris Jones about this possibility, and he proceeded to put together a
strong committee and a strong proposal. Jones’ commitment to human resource issues played a
role in the decision to accept that proposal.

In the Fall of 2003, Peter Li and Ben Chow, at that time members in the Differential Geometry
program, proposed a program in geometric evolution equations that would take advantage of the
recent progress in the use of Ricci flow to prove the Poincare conjecture, but would bring
together researchers working on all kinds of geometric flows. The idea would be that the first
semester would focus on the analytic and geometric methods behind these ideas, and the second
would concentrate on the application of these methods to the particular flows. This proposal was
accepted, with the strong support of SAC members Chuu-Lian Terng and Alan Weinstein.

The program on Computational Applications of Algebraic Topology was selected in essentially
the same way: Gunnar Carlson proposed that MSRI hold such a program, was encouraged to
prepare a preproposal, which then was accepted under the advice of SAC members Persi
Diaconis and Richard Stanley.

The 2007-08 programs in Geometric Group Theory and Representation Theory came in as
unsolicited proposals. While discussing the latter proposal, SAC member Alejandro Adem
suggested that a good companion to that program would be one that featured combinatorial
methods; SAC agreed and Arun Ram was invited to submit a proposal. After SAC subsequently
approved of the proposal in Geometric Group theory, Mladen Bestvina, the chair of the
organizing committee, suggested that a good companion program would be one on Kleinian
Groups and Teichmuller theory. The idea of having a full year on mathematics involving groups,
that spanned topology, geometry combinatorics and algebra was irresistible, so Dick Canary and
Jeff Brock were invited to submit a proposal, accepted at the SAC meeting in Fall, 2005.
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In summary, of the thirteen programs accepted for future years, seven came from unsolicited
submitted proposals, and six from ideas generated by SAC and selected organizers. The future
programs are:

2006-2007

Geometric Evolution Equations and Related Topics (Year), Bennett Chow, Panagiota
Daskalopoulos, Gerhardt Huisken, Peter Li, Lei Ni, Gang Tian

Computational Applications of Algebraic Topology (Fall), Gunnar Carlsson, Persi Diaconis,
Susan Holmes, Rick Jardine, Giinter M. Ziegler

Dynamical Systems (Spring), Christopher Jones, Jonathan Mattingly, Igor Mezic, Andrew
Stuart, Lai-Sang Young

2007-2008
Kleinian Groups (Fall), Jeff Brock, Dick Canary, H. Masur, M. Mizarkani, A. Reid

Geometric Group Theory (Fall), M. Bestvina, J. Mccammond, Michah Sageev, Karen
Vogtmann

Combinatorial Representation Theory (Spring), Arun Ram, P. Diaconis, A. Kleshchev, B.
Leclerc, P. Littelman, A. Ram, A. Schilling, R. Stanley.

Representation Theory of Finite Groups and Related Topics (Spring), J. L. Alperin, M. Broue, J.
F. Carlson, A. Kleshchev, J. Rickard, B. Srinivasan

2008-2009

Analysis on Singular Spaces (Fall),G.Carron, Eugenie Hunsicker, Richard Melrose, Michael
Taylor, Andras Vasy, Jared Wunsch

Ergodic Theory and Additive Combinatorics (Fall), Ben Green, Bryna Kra , Emmanuel Lesigne,
Mate Wierdl

Algebraic Geometry, Brendan Hassett (Spring, Jumbo),W. Fulton, J. Harris, B. Hassett, J.
Kollar, S. Kovacs, R. Lazarsfeld, R. Vakil

2009-2010

Symplectic Geometry, Y. Eliashberg (Year).
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VIII. Collaborations

As our members leave MSRI we ask them to fill out a checkout form which includes a
questionnaire from which we obtain from each individual a sense of their activities while at
MSRI, and an assessment of their stay at MSRI. In this section we list the collaborations reported
in these forms; in the next section we list the papers on which the members worked while here.

Period: April 10—July 31, 2005

Gideon Amir: Omer Angel, Noam Berger, Chris Hoffman.

Jamylle Carter: Yuval Peres, David Levin, Anthony Quas

Giulio Caviglia: Sergi Elizalde, Luis Garcia, Jan Vondrak, and my mentor: David Eisenbud.
Dayue Chen: Yuval Peres, Jeff Steif, Wenbo Li, Fuxi Zhang.

Martin Dyer: Mark Jerrum, Elchanan Mossel, Dror Weitz, Fabio Martinelli, Tom Hayes.
Sergi Elizalde: Jan Vondrak, Giulio Caviglia, Peter Winkler.

Guangyu Fu: Professor Balint Virag.

Mark Jerrum: Martin Dyer, Leslie Goldberg, Alistair Sinclair, Prasad Tetali.
Nkem-Amin Khumbah: David Donoho.

David Levin: Yuval Peres, Elizabeth Wilmer.

James Martin: Alexander Holroyd, Omer Angel, Yuval Peres, Elchanan Mossel, Marc Mezard,
Andrea Montanari, Balaji Prabhakar.

Andrea Montanari: Amir Dembo (Stanford), Marc Mezard (Paris), Elchanan Mossel
(Berkeley), Balaji Prabhakar (Stanford), David Tse (Berkeley).

David Mumford: David Donoho, Eitan Sharon.

Harold Parks: Steven Krantz.

Anthony Quas: Christopher Hoffman, Vladas Sidoravicius.
Brian Rider: Balint Virag, Alexander Gamburd (Stanford).
Dan Romik: Alexander Holroyd and Yuval Peres.

Jason Schweinsberg: I had some discussions with Yuval Peres, Jim Pitman, and David Revelle
but did, not get heavily involved in collaboration.

Eitan Sharon: David Mumford, Jitendra Malik, Eran Borenstein.

Senya Shlosman: Amir Dembo, Yuval Perez, Elchanan Mossel, Nikovai Reshetikhin, Vladas
Sidoravichius.

30



Vladas Sidoravicius: Harry Kesten, Yuval Peres, Maria Eulalia Vares, Jeff Steif, David Levin,
J.van den Berg, Noam Berger, Chris Hoffman, Peter Winkler, Anthony Quas.

Mike Steel: Elchanan Mossel, and his PhD student, Sebastian Roch, (both at UC Berkeley
statistics).

Prasad Tetali: Yuval Peres, Dan Romik, Peter Winkler, Andrea Montanari, Fabio Martinelli.

Tatyana Turova: I had (informal but very useful) discussions with P. Winkler, V. Sidoravicius
and S. Shlosman.

Maria Vares: Vladas Sidoravicius, Yuval Peres.
Manik Varma: Jitendra Malik.
Balint Virag: Brian Rider, Guangyu Fu, Yuval Peres, Dan Romik, Alexander Holroyd.

Alexander Volberg: James Martin, Ander Holroyd, Dan Romik, Vladas Sidoravicius, Gidi
Amir.

Jan Vondrak: Sergi Elizalde, Giulio Caviglia.
Elizabeth Wilmer: Yuval Peres, David Levin, Prasad Tetali.

Peter Winkler: Yuval Peres, Dana Randall, Graham Brightwell, Omer Angel, Tatiana Tureva,
my students: Rachel Esselstein, Lizz Moseman and Chien-Chung Huang.

Period: August 1, 2005—April 1, 2006

Luigi Ambrosio: Wilfrid Gangbo, Bruno Franchi.

Hajer Bahouri: Jean Yves Chemin.

Aliaa Barakat: Tom Coates, Albrecht Klemm

Ioan Bejenaru: Daniel Tataru, Daniela DeSilva, Jim Colliander.

Matthew David Blair: Hart Smith, Jason Metcalfe, Dan Geba, Daniel Tataru.
Mikhail Borovoi: Jean-Louis Colliot-Thelene, Alexei N. Skorobogatov.
Vincent Bouchard: Mina Aganagic, Albrecht Klemm

John Leonard Boxall: David R Grant.

Thomas Patrick Branson: A. Rod Gover.

Tom Andrew Bridgeland: Balazs Szendroi, Raphael Rouquier, Alexei Bondal.
Giuseppe Buttazzo: L. Ambrosio, F. Santambrogio, V. Oliker, Y. Brenier.

Xavier Cabre: Bruno Franchi.
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Kaihua Cai: Wilhelm Schlag, Xiaoyi Zhang.
Frederic Bruno Campana: J.L. Colliot-Thelene, E. Peyre, F. Bogomolov.
Jamylle Carter: Wilfred Gangbo.

Nirmalendu Chaudhuri: Professor Lawrence Craig Evans, Professor Wilfrid Gangbo,
Professor Neil Trudinger, Professor Paul Yang, Dr Yifeng Yu, Dr Truyen Nguyen.

Jean-Yves Chemin: H. Bahouri, J. Colliander, H. Koch, N. Pavlovich, G. Staffilani, M.
Zworski.

Bohui Chen: An-min Li

Tom Coates: Tseng and Iritani

Alina Cojocaru: Ken Ribet, Bjorn Poonen, Pete Clark

Sinnou G. David: Sombra M., Peyre, E., Silverberg A., Poonen B.
Wolfram Decker: David Eisenbud.

Luigi De Pascale: An Le, Yifeng Yu and Maria Del Mar

Andras Domokos: Giuseppe Di Fazio, Juan J. Manfredi, Michael Christ.
Olivier Druet: Andrea Malchiodi.

Kirsten Eisentraeger: Bjorn Poonen, Thomas Scanlon, Dimitar Jetchev (student of Ken Ribet).
David Dos Santos Ferreira: Daniel Tataru.

Bruno Franchi: E. Lanconelli, L. Ambrosio, P. Yang.

Wilfrid D Gangbo: Luigi Ambrosio, Mike Cullen, L. Craig Evans, Ovidiu Savin, Robert
McCann.

Nora Ganter: Ralph Cohen, Ernesto Lupercio, Matthew Ando, Bernardo Uribe, Ieke Moerdijk
(at Morelia conference), Aliaa Barakat

Dan Andrei Geba: Daniel Tataru, Jason Metcalfe, Matthew Blair.
Lothar Goettsche: Hiraku Nakajima, Kota Yoshioka.

Maria Del Mar Gonzalez: Luis Caffarelli, Sun-Syung Alice Chang, Luigi De Pascale, Truyen
Nguyen, Frank Pacard, Jie Qing, Paul Yang, Luigi De pascale

Ashwin Roderick Gover: Thomas Branson (co-author), I had detailed informal discussions
with, Neil Trudinger, Alice Chang, Rafe Mazzeo, Olivier Biquard, Jie Qing.

Peng-Fei Guan: Caffarelli.

Changfeng Gui: Yoshihiro Tonegawa, Yuxin Ge, Ovidiu Savin (informally).
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Cristian Gutiérrez: Ermanno Lanconelli, Truyen Van Nguyen, Qingbo Huang, Annamaria
Montanari, Giuseppe Di Fazio.

Justin Alexander Holmer: James Colliander, Maciej Zworski, Jeremy Marzuola, Svetlana
Roudenko, Monica Visan, Xiaoyi Zhang.

Qingbo Huang: Luis Caffarelli, Cristian Gutierrez.

Yukari Ito: Miles Reid, David Morrison, Igor Bogomolov.

Robert R. Jensen: C. Wang, Y. Yu (Postdoc), L. De Pascale, L. C. Evans.
Hwakil Kim: Wilfrid Gangbo.

Herbert Richard Koch: Daniel Tataru, Hart Smith, Robert McCann.
Shigeaki Koike: Antonio Siconolfi.

Steven Krantz: Harold R. Parks.

Andrew Kresch: Bumsig Kim, Yuri Tschinkel.

Boris Kunyavskii (Kouniavski): J.-L. Colliot-Thelene, K. Rubin, A. Silverberg, A.
Skorobogatov, Yu. Zarhin.

Tobias Lamm: Paul Yang, Jie Qing, Yuxin Ge.

Ermanno Lanconelli: C.Gutierrez, B. Franchi, L.C.Evans.

Ruediger H. Landes: C.Evans, L Caffarelli, N. Trudinger, McCann.

An Hai Le: Wolfgang Reichel.

Gary Mitchell Lieberman: Bob Jensen (informally).

Adam Meredith Logan: Jordan Ellenberg, Ronald van Luijk, Victor Flynn, Nils Bruin.
Andrea Malchiodi: Paul Yang, Sagun Chanillo, Jih-Hsin Cheng, Olivier Druet.
Juan J. Manfredi: Andras Domokos.

Jason L. Metcalfe: Christopher Sogge, Ann Stewart, Makoto Nakamura.
Toshio Mikami: Prof. Seick Kim, Prof. Yoshihiro Tonegawa.

Irina Mitrea: Warwick Tucker, Katharine Ott.

Annamaria Montanari: Cristian Gutierrez, Ermanno Lanconelli, Juan Manfredi, Luis
Caffarelli.

Anca Mustata: Jason Starr, Andrew Kresch, Andrei Mustata

Andrei Mustata: Anca Mustata
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Hiraku Nakajima: Lothar Goettsche, Kota Yoshioka.

Truyen Van Nguyen: Cristian Gutierrez, Luis Caffarelli, Robert McCann, Yifeng Yu, Maria del
Mar Gonzalez.

Paul Norbury: Ralph Cohen, Joa Weber.

Vladimir 1. Oliker: Luis Caffarelli.

Yewande N/A Olubummo: Wilfrid Gangbo.

Frank Pacard: R. Mazzeo, C. Arezzo, M. Singer.

Jianzhong Pan: Yongbin Ruan, Weiping Li.

Luigi De Pascale: L.C.Evans, R. Jensen, Yifeng Yu, W. Reichel, W. Gangbo.
Natasa Pavlovic: Daniela De Silva, Gigliola Staffilani, James Colliander.
Ivan Petrakiev: D. Eisenbud.

Daniel Phillips: Craig Evans.

Florian Pop: Bjorn Poonen, J.L. Colliot-Thelene, Fedor, Bogomolov, Karl Rubin, Raman
Parimala.

Jie Qing: Paul Yang, Alice Chang, Xinwang Xu Liming Ge.
Wolfgang Reichel: An Le, Irina Mitrea.

Miles Reid: Bogomolov, Colliot-Thl¢léne, Kresch, van Luijk, Skorobogatov, Tschinkel, Tom
Bridgeland, Raphael Rouquier, Balazs Szendroi, Janos Kollar.

Svetlana Roudenko: Jim Colliander, Justin Holmer.
Karl Rubin: Alice Silverberg, Yuri Zarhin.

Maria Sabitova: Boyarchenko

Mikko Salo: Hart Smith, Herbert Koch, Matthew Blair.
Hisham Ahmad Sati: Craig Westerland and Nora Ganter.

Bernd Siebert: Mark Gross, Albrecht Klemm, Jun Li, Eric Zaslow, Mina Aganagic, David
Morrison.

Aaron Siegel: Luigi de Pascale
Daniela de Silva: loan Bejenaru, Jim Colliander.
Alice Silverberg: Karl Rubin, Yuri Zarhin.

Hart Francis Smith: Chris Sogge, Daniel Tataru, Herbert Koch.
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Jacob Karsten Sterbenz: Peter Blue (came for workshop), Jason Metcalfe, Hans Lindblad, Igor
Rodnianski, Avi Soffer.

Ann Conner Stewart: Jason Metcalfe, Christopher Sogge (advisor).
Yoshihiro Tonegawa: Changfeng Gui.

Hsian-hua Tseng: Bohui Chen, Tom Coates, Hiroshi Iritani

Bernd Ulrich: David Eisenbud.

Bernardo Uribe: Shengda Hu, Ernesto Lupercio, Thomas Nevins.
Alexander A. Voronov: R. Cohen, Y. Eliashberg.

Changyou Wang: Yu, Yifeng, Robert Jensen, Tobias Lamm.
Xiangjin Xu: Prof. Roberto Triggiani.

Xingwang Xu: Paul Yang, Qing Jie and Ge Yuxin.

Xiaoyi Zhang: Jim Colliander, Justin Holmer, Monica Visan.

IX. Papers Reported by Members
Period: April 1, 2005- July 31, 2005

Gideon Amir: Missed sets and exceptional times of 2D dynamical random walk, with Chris
Hoffman.

Jamylle Carter: Recurrence of Random Walk is dynamically sensitive, with Tony Chan, Andy
Yip.

Giulio Caviglia:

1. A strengthening of Green's General Hyperplane Restriction Theorem.

2. Examples of binomials ideals with large projective dimension, with Manoj Kunnimi.

3. A symmetric exchange property for multisets of bases of certain transversal polymatroids,
with Sergi Elizalde, Luis Garcia.

Dayue Chen: On the monotonicity of an infinite percolation cluster of trees, with Fuxi Zhang.

Martin Dyer:

1. A general lower bound for the mixing time of single-site dynamics on graphs, with Tom
Hayes.

2. Rate of convergence of an iterative algorithm for matrix balancing in the infinity norm.

3. Uniqueness of Gibbs measures on trees and on general graphs, with Fabio Martinelli,
Elchanan Mossel, Dror Weitz.
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Guangyu Fu: On the Gaussian Polynomials, with Balint Virag.

Mark Jerrum: Relationships between Dobrushin, Dobrushin-Shlossman and Path Coupling,
with M. Dyer, L. Goldberg.

Nkem-Amin Khumbah: A study of distance-based manifold learning methods, with David
Donoho.

David Levin: Speed of Excited Random Walk, with Y. Peres, V. Sidoravicius.

James Martin:

1. Random recursive trees and the Bolthausen-Sznitman coalescent, with Christina Goldschmidt.
2. The jammed phase of the Biham-Middleton-Levine traffic model, with Omer Angel and
Alexander Holroyd.

3. Heavy tails in last-passage percolation and a heavy-tailed Airy process, with Ben Hambly.

4. Recursive trees and duality of random fragmentation and coagulation, with Rui Dong and
Christina Goldschmidt.

5. The multiclass Hammersley-Aldous-Diaconis process and multiclass queues, with Pablo
Ferrari.

Andrea Montanari:

1. Reconstruction and Glass Transitions on Trees, with Marc Mezard.

2. Maxwell Construction: The Hidden Bridge between Iterative and Maximum a Posteriori
Decoding, with Cyril Measson, Rudiger Urbanke.

Harold Parks: Geometric characterizations of centroids of simplices, with Krantz, McCarthy.

Anthony Quas: Deterministic Representation for Position Depedent Random Maps, with Wael
Bahsoun, Christopher Bose.

Brian Rider:
1. Gaussian Fluctuations for non-Hermitian random matrices, with Jack Silverstein
2. Janossy densities for Unitary ensembles: edge limit, with Xin Zhou

Dan Romik:

1. Universal finitary codes with exponential tails, with Nate Harvey, Alexander Holroyd, Yuval
Peres.

2. Permutations with short monotone subsequences.

Vladas Sidoravicius:

1. The shape theorem for the spread of infection model, with Harry Kesten.

2. Pinning of directed polymer in presence of bulk disorder, with Harry Kesten.

3. Oriented percolation in one dimensional 1/jx-y|* random cluster model, with Domingos
Marchetti, Maria Eulalia Vares.
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4. Polymer pinning in random medium as influence percolation, with Vincent Beffara, Herbert
Spohn, Maria Eulalia Vares.

Mike Steel: Mixed models in phylogenetics, with Elchanan Mossel and Sebastian Roch.
Prasad Tetali: Mixing Time Bounds via The Spectral Profile, with S. Goel, R. Montenegro.

Tatyana Turova:
1. Phase transitions in a special class of contact processes on random graphs.
2. Phase diagram for unsupervised learning in random neural networks., with A. Villa.

Maria Vares:

1. Polymer pinning in a random medium as influence percolation, with V. Beffara, V.
Sidoravicius, H. Spohn.

3. Multi-source first passage percolation in random environment, with J.van den Berg, Yuval
Peres, V. Sidoravicius.

Manik Varma: Classifying materials from images: A statistical approach using image patch
exemplars, with Andrew Zisserman.

Balint Virag:
1. Determinantal processes and Independence, with B Hough, M Krishnapur, Y Peres.
2. Noise limits for complex eigenvalues, with B Rider.

Alexander Volberg:
1. Inverse scattering, matrix A, weights and weighted BMO, with Peter Yuditski.

Elizabeth Wilmer: Counting Matchings on Some Simple Cartesian Products.

Peter Winkler:

1. A censoring inequality for block dynamics, with Yuval Peres.
2. Mixing points in an interval, with Dana Randall.

3. Mixing points in a circle, with Dana Randall.

4. Submodular percolation, with Graham Brightwell.

Period: August 1, 2005—April 1, 2006

Luigi Ambrosio: Hamiltonian ODE's in the space of probability measures, with Wilfrid Gangbo.
Hajer Bahouri:

1. Precised Hardy inequalities, with Jean Yves Chemin.

2. Trace Theorem on the Heisenberg group, with Jean Yves Chemin.

Ioan Bejenaru:

1. Quadratic Nonlinear Schrodinger Equations - Part 2.
2. On Schrodinger Maps.

37



Matthew David Blair: Spectral Cluster Estimates for Metrics of Sobolev Regularity.

Mikhail Borovoi: The elemntary obstruction for a homogeneous space over a p-adic field, with
Jean-Louis Colliot-Thelene, Alexei N. Skorobogatov.

John Leonard Boxall:
1. Orders of points on subvarieties of commutative group varieites over finite fields.
2. Uniform bounds in certain cases of the Manin-Mumford conjecture.

Thomas Patrick Branson:

1. Pontrjagin forms and invariant objects related to the Q-curvature, with A. Rod Gover.

2. Variational status of a class of fully nonlinear curvature prescription problems, with A. Rod
Gover.

Sun-Sig Byun:

1. Elliptic equations with BMO coefficients in Reifenberg domains with Lihe Wang.

2. Parabolic equations in Reifenberg domains, with Lihe Wang.

3. Quasilinear Elliptic equations with BMO coefficients in Reifenberg domains, with Lihe Wang,
Shulin Zhou.

4. Conormal derivative problems in Lipschitz domains.

Kaihua Cai: Dispersive estimate of wave operators with resonance and eigenvalue at zero
energy, with Wilhelm Schlag.

Nirmalendu Chaudhuri:
1. A note on the smoothness of energy-minimizing imcompressible deformations. .
2. On twice differentibility of certain non-convex functions, with Neil S. Trudinger.

Jean-Yves Chemin:
1. Precise Hardy Inequalities, with H. Bahouri and I. Gallagher.
2. Trace Theorem on the Heisenberg Group, with J. Bahourie and C-J. Hu.

Sinnou G. David:

1. Groupes formels et theorie de Baker, with Hirata.
2. Points de petites hauteur, with Philippon.

Status: distributable.

Kirsten Eisentraeger:

1. Hilbert's Tenth problem for function fields of varieties over algebraically closed fields of
positive characteristic.

2. On the computation of the Cassels pairing for certain Kolyvagin classes in the Shafarevich-
Tate group, with Dimitar Jetchev, Kristin Lauter.

David Dos Santos Ferreira: Determining the magnetic field from the magnetic Schrodinger
operator with partial Cauchy data, with Carlos Kenig, Johannes Sjostrand, Gunther Uhlmann..
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Bruno Franchi: Compensated compactness for instrinsic forms in Heisenberg groups, with A.
Baldi, M.C. Tesi.

Emmanuelle Frossard: 0-dimensional Chow groups for fibration over surfaces.

Wilfrid D Gangbo:

1. Hamiltonian systems on P»(RY), with L. Ambrosio.

2. Discrete semigeostrophic systems in dual and physical variables, with M. Cullen and G.
Pisante.

Dan Andrei Geba:

1. A phase space transform adapted to the wave equation, with Daniel Tataru.

2. Gradient nonlinear wave equations on curved background in 4+1 dimensions, with Daniel
Tataru.

3. Counterexamples for defocussing wave equations, with Matthew Blair.

4. Improved local well-posedness for the minimal surface equation, with Jason Metcalfe.

Lothar Goettsche: Instanton counting and Donaldson invariants, with H. Nakajima, K.
Y oshioka.

Maria Del Mar Gonzalez:

1. Singular Yamabe problem for iterated cone-edge type sets.

2. Singular Yamabe problem for iterated cone-edge type sets, with R. Mazzeo, F. Pacard.
3. A perturbation argument in optimal transportation, with L. Caffarelli, T. Nguyen.

Ashwin Roderick Gover:

1. Pontrjagin forms and invariant objects related to the Q-curvature fully nonlinear curvature
prescription problems, with Thomas Branson.

2. Variational status of a class of fully nonlinear curvature prescription problems, withThomas
Branson.

Changfeng Gui: Cross Interfaces for Allan-Cahn Eqaution, with Tonegawa.

Cristian Gutiérrez:

1. Covering theorems, inequalities on metric spaces and applications to pde's, with Giuseppe Di
fazio and Ermanno Lanconelli.

2. C*-alpha estimates for the Monge-Ampere equation, with Qingbo Huang and Truyen Van
Nguyen.

3. Clalpha estimates for Monge-Ampere equations in optimal transport for power cost functions,
with Truyen Van Nguyen.

4. Smoothness of solutions to the Levi Monge Ampere equation, with Ermanno Lanconelli and
Annamaria Montanari.

Harald Andres Helfgott: The parity problem for irreducible cubic forms.

Justin Alexander Holmer:
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1. Local Ill-posedness of the 1D Zakharov system.

2. Global Well-posedness for the Zakharov and Klein-Gordon-Schroedinger sytems, with Jim
Colliander, Nikos Tzirakis.

3. Blow-up solutions to supercritical NLS, with Svetlana Roudenko.

Bumsig Kim: Rational Curves on Blow-ups, with Y. Lee and K. Oh.
Inkang Kim: The base spectrum on the universal cover of a convex cocompact manifold.

Seick Kim:
1. On a certain square function estimates related to Kato square root problem.
2. A note on Harnack inequality on minimal surface.

Herbert Richard Koch:

1. Carleman estimates and absence of embedded eigenvalues, with Daniel Tataru.
2. Asymptotics for fast diffusion, with Robert McCann, Jochen Denzler.

3. Rough solutions for cubic NLS, with Daniel Tataru.

Shigeaki Koike:

1. Maximum principle for L? viscosity solutions via iterated test function method, with
Andrzej Swiech.

2. A linear-quadratic control problem with discretionary stopping.

Janos Kollar:
1. Conic bundles over R(t) (preliminary).

Boris KunyavskKii :
1. On the solvable radical of a finite group, with N. Gordeev, F. Grunewald, E. Plotkin.
2. Toric degenerations of Brauer-Severi schemes, with V. Batyrev.

Tobias Lamm:

1. Energy identity for the Sacks-Uhlenbeck approximation of harmonic maps.
2. Boundary regularity for biharmonic maps, with Changyou Wang.

3. Approximation of harmonic maps in higher dimensions.

Ermanno Lanconelli:

1. Analysis in metric spaces and applications to PDE, with C. Gutierrez, G. Di Fazio.

2. On a quasilinear degenerate elliptic equation arising in non-newtonian Astronomy, with B.
Franchi, L. Clotti.

Ruediger H. Landes:
1. On the regularity of weak solutions of Certain Ellitic Systems.
2. On wavefront solutions in the theory of boiling liquids.

3. Regularity of solutions for perturbed systems with critical growth.

An Hai Le:
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1. Variational eigenvalues of degenerate eigenvalue problems for the weighted p-Laplacian, with
Klaus Schmitt.

2. On the local Holder continuity of the inverse of the p-Laplace operator.

3. A non-standard eigenvalue problem for the p-Laplacian, with Woflgang Reichel.

Gary Mitchell Lieberman:

1. A note on the exterior cone condition for uniformly elliptic equations.

2. Smooth solutions of elliptic equations in non-smooth domains.

3. Holder regularity for the gradients of solutions of degenerate parabolic systems.

Adam Meredith Logan:

1. Asymptotics of coinvariant quotients of Iwasawa modules, with Jordan Ellenberg.

2. On Brauer-Manin obstruction on K3 surfaces and Tate-Shafarevich groups of jacobians of
curves of genus 2, with Ronald van Luijk.

3. The Brauer-Manin obstruction and Sha[2], with Martin Bright, Nils Bruin, Victor Flynn.

Andrea Malchiodi:

1. Asymptotic Morse Theory for the Plateau problem, with Sagun Chanillo.

2. Minimal surfaces in CR manifolds, with Paul Yang, Jih-Hsin Cheng.

3. The isoperimetric problem in manifolds of non-positive sectional curvature, with Olivier
Druet.

Juan J. Manfredi: Regularity for p-Harmonic functions on Carnot groups, with Giuseppe
Mingione, Andras Domokos.

Jason L. Metcalfe:

1. Elastic waves in exterior domains, Part I: Almost global existence.

2. Almost global existence for quasilinear wave equations in waveguides with Neumann
boundary conditions, with Ann Stewart.

Irina Mitrea:

1. The Multiple Layer Potential Approach for Higher Order Elliptic Boundary Value Problems.
2. On the sharpness of some well-posedness results for the L? transmission problems in Lipschitz
domains, with Katharine Ott.

3. Global Optimization Techniques for Boundary Value Problems of Elasticity in two
Dimensions, with Warwick Tucker.

Hiraku Nakajima: Instanton counting and Donaldson invariants, with Lothar Goettsche, Kota
Yoshioka.

Truyen Van Nguyen:

1. Interior Holder regularity for solutions of the Monge-Ampere equation, with Cristian
Gutierrez and Gingbo Huang.

2. On the regularity of optimal maps for p-power cost functions, with Luis Caffarelli and Maria
del Mar Gonzalez.

3. Regularity of optimal maps for logarithmic cost functions, with Robert McCann.
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Paul Norbury: Weil-Petterson volumes and cone surfaces, with Norman Do.

Vladimir L. Oliker:

1. Stability of the solution to the reflector problem.

2. Aleksandrov's problem via Monge-Kantorovich theory.

3. A Monge-Kantorovich approach to some problems in convexity.

Frank Pacard:

1. Higher genus Riemann minimal surfaces, with L. Hauswirth.

2. Blowing up and desingularizing CSC Kahler manifolds, with C. Arezzo.
3. Extremal Kahler metrics on blow ups, with C. Arezzo and M. Singer.

Luigi De Pascale:

1. Asymptotic behavior of two non linear eigenvalues problems involving p-Laplacian type
operators, with Thierry Champion.

2. Minimal measures, one dimensional currents and the Monge-Kantorovich problem, with
Maria Stella Gelli, Luca Granieri.

Natasa Pavlovic:

1. Global well-posedness for the periodic nonlinear Schrodinger equation in 1D and 2D, with
Daniela De Silva, Gigliola Staffilani, Nikolaos Tzirakis.

2. Polynomial upper bounds for the 1D quintic Schrodinger equation, with Daniela De Silva,
Gigliola Staffilani, Nikolaos Tzirakis.

Ivan Petrakiev: On nonreduced 2-regular schemes.

Florian Pop: On Bogomolov's Freeness Conjecture.

Jie Qing:

1. Injectivity of developing maps for locally conformally flat manifolds, with Alice Chang and
Paul Yang.

2. Compactness of constant Q-curvature metrics, with Xinwang Xu and Liming Ge.

Wolfgang Reichel: A non-standard eigenvalue problem for the p-Laplacian, with An Le.

Miles Reid:
1. Relative fractional canonical algebras and application to surfaces.
2. Orbifold Riemann Roch and plurigenera.

Svetlana Roudenko:

1. Wellposedness of NLS for non-L, with G. Staffilani.

2. On blow up behaviour of L* and H'*-critical cases of NLS equation, with Jim Colliander.
3. On blow up behavior of NLS and gKdV, with Justin Holmer.

Mikko Salo:
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1. Identifiability at the boundary for first-order terms, with Russell Brown.
2. A new affine invariant based on ridgelets, with Esa Rahtu, Janne Heikkila.

Mary Frances Salter: Base Point Degree Theory for Fredholm Operators of Positive Index.

Hisham Ahmad Sati:
1. Cosmological billiards and Kac-Moody groups, with Lisa Carbone.
2. E8 gauge theory, loop groups, and elliptic cohomology.

Bernd Siebert:
1. Complex varieties via real affine geometry (preliminary), with Mark Gross.

Daniela de Silva:

1. Global well-posedness for a nonlinear periodic Schrodinger equation in 1D and 2D, with
Natasa Pavlovic, Gigliola Staffilani, Nikos Tzirakis.

2. Local well-posedness for a quadratic NLS in 2D, with loan Bejenaru.

3. On the De Giorgi conjecture in 2D.

Hart Francis Smith:

1. On the L*p norm of spectral clusters for compact manifolds with boundary, with Chris Sogge.
2. Analysis of wave equation imaging of reflection seismic data with a frame of curvelets, with
Maarten de Hoop, Gunther Uhlmann.

Martin Alejandro Sombra: Factorization of lacunary polynomials, with M. Avendaro and
Teresa Krick.

Jacob Karsten Sterbenz: Local energy decay for scalar fields on Schwarzschild Space, with
Peter Blue.

Ann Conner Stewart:
1. Almost global existence for quasilinear wave equations in waveguides with neumann
boundary conditions, with jjason metcalfe.

Bernd Ulrich: Linear row ideals, with David Eisenbud.

Bernardo Uribe:
1. Extended tangent structures and equivariant cohomology, with Shengda Hu.
2. Orbifold string topologyt of the symmetric product, with Ernesto Lupercio.

Alexander A. Voronov:

1. The Canonical Delooping Machine, with Badizoch and K. Chung.

Status: appeared.

2. On BV Master Equation of Open-Closed String Theory, with E. Harrelson and J. Zuniga.

Changyou Wang:
1. Stable-Stationary Harmonic Maps into Spheres, with Lin, FangHua.
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2. Cl-regularity for Aronsson equation in two dimension, with Yu, Yifeng.
3. Boundary regularity for biharmonic maps, with Tobias Lamm.

Sijue Wu: Long time behavior of the water wave motion.

Xiangjin Xu:
1. New Proof of Hormander Multiplier Theorem on Compact manifolds without boundary.
2. Homoclinic orbits for first order Hamiltonian systems with convex potentials.

Yifeng Yu:

1. L” variational problems and Aronsson equations.

2. C' regularity of Aronsson equations in two dimension, with Changyou Wang.
3. Some properties of the grand state of the infinity Laplacian.

Xiaoyi Zhang:

1. Energy critical NLS with harmonic potentials\, with Rowan Killip, Monica Visan.

2. The energy critical NLS with combined nonlinearities, with Terry Tao, Monica Visan.

3. Global wellposedness and scatterign for 1D NLS below energy norm, with Jim Colliander,
Justin Holmer, Monica Visan.

4. Global wellposedness and scattering for nls in higher dimensions, with Monica Visan.

Hui June Zhu: Moduli of totally ramified p-covers, with Rachel Pries.
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X. Appendix — Final Reports

Programs
2004-05
Mathematical, Computational and Statistical Aspects of Image Analysis
Probability, Algorithms and Statistical Physics

2005-06
Nonlinear Elliptic Equations and Its Applications
Nonlinear Dispersive Equations

Workshops
2003-04
Tenth Annual Conference for African American Researchers in the Mathematical
Sciences

2004-05
Combinatorial Aspects of Hyperplane Arrangements
Women in Mathematics: Introduction to Image Analysis
Introductory Workshop in Mathematical, Computational, and Statistical
Aspects of Image Analysis
Emphasis Week on Neurobiological Vision
Emphasis Week on Perceptual Organization
Models of Real-World Random Networks
The Mathematical Knowledge for Teaching (K-8): Why, What and How?
PREP Workshops:
- The Mathematics of Images
- Geometric Combinatorics

2005-06

Introductory Workshop in Nonlinear Dispersive Equations

Analytical and Stochastic Fluid Dynamics

Recent Results in Nonlinear Elliptic Equations and their Interactions with Geometry

Morehouse College/Spelman College/MSRI Workshop on Modern Mathematics:
An Introduction to 2006-07 Programs at MSRI

Flavors of Groups

Geometric and Analytical Aspects of Nonlinear Dispersive Equations

Probability, Geometry and Integrable Systems

Stringy Topology in Morelia

Introductory Workshop in Rational and Integral Points on Higher-Dimensional

Varieties

Summer Graduate Workshops - 2005
Graduate Student Warm-Up Workshop in Algebraic Geometry
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Mathematical Graphics

AMS-IMS-SIAM Summer School in Commutative Algebra: Local Cohomology and
Its Applications

CR Geometry: Complex Analysis Meets Real Geometry and Number Theory

Computing the Continuous Discretely: Integer Point Enumeration in Polyhedra

MSRI-Network Conferences
2005-06
Pacific Northwest Probability Seminar
Midwest Model Theory
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Final Report Vision Semester 1

MSRI Long Program: Computational, Statistical, and Mathematical Aspects of
Vision

January-May 2005
Organizers: David Donoho, David Mumford, and Jitendra Malik

The MSRI “Vision Semester” -- formally, the long program on Computational,
Statistical, and Mathematical Aspects of Vision — was designed to involve
Mathematicians, Applied Mathematicians, Statisticians, Neuroscientists and Computer
Scientists in a discussion of the fundamental problems of computer vision. It was also
designed to assemble young people (postdocs and graduate students) from those fields,
and to stir the pot, so they would exchange ideas and collaborate.

Vision poses a fascinating fundamental intellectual question: ““how does sense perception
translate into knowledge about the world?’” But it is also a very hard large-scale
engineering problem, which has attracted substantial resources for decades. It cuts across
many fields of science and engineering, being useful for everything from live cell
imaging to surveillance and robotics.

A unique feature of Vision as a subject is its the interdisciplinary nature — arguably,
vision is the most interdisciplinary subject there is. To illustrate this, consider one key
question: tracking visual contours (eg boundaries). This involves at least the following
fields

Probability — stochastic models for contours

Statistics — detection of alignments in very noisy data

Computer Science - algorithms which rapidly find contours despite the
exponential number of possible groupings.

Psychological experiments on human perceptual abilities/anomalies

Biological experiments on neural responses reflecting contour perception
Industrial applications: road following, vascular tracking

We succeeded in our program in representing and discussing all these viewpoints and
their interactions.

Our Vision Semester was organized by three established scientists — David Mumford, a
mathematician, David Donoho, an applied mathematician /statistician, and Jitendra Malik
an Electrical Engineer/Vision scientist — the range of fields they represent again points to
the interdisciplinary nature of the subject. The three organizers were joined by other
established scientists who were resident for a large part of the semester, especially Song-
Chun Zhu (UCLA), Joachim Buhmann (ETH), and Pietro Perona (CalTech), and by
several who came for more than one week-long workshop, including Don Geman (Johns
Hopkins), Eero Simoncelli (NYU), Naoki Saito (UC Davis), Bin Yu (UC Berkeley), Alan
Yuille (UCLA) and Bruno Olshausen (UC Davis). Finally we were fortunate to have an
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all-star cast of speakers many of whom came from long distances (e.g. from England and
France) to speak in our workshops.

The Semester had the continuous participation of about 12 junior scientists --
postdoctoral students and graduate students, drawn from the fields of mathematics,
computer science and engineering. There was a full program of activities for these
younger participants, allowing them to interact with each other and with more senior
scientists — see below.

Workshops

The core of our program was a series of six workshops, in which there was a regular
schedule of talks, of discussions and of social activities. These were as follows

January 21-22 Workshop for Women in Mathematics:
Introduction to Image Analysis

January 24-28 Intoductory Workshop

February 7-11 Emphasis week on Neurobiological Vision

February 21-25 Emphasis Week on Learning and Inference
in Low and Mid Level Vision

March 10-15 PREP Workshop

March 21-25 Workshop on Visual Recognition

April 18-22 Emphasis week on Perceptual Organization

Each of these Workshops was designed to either get new entrants up to speed or to probe
some important subfield of the vision problem. The Workshop for Women was the first
of its kind at MSRI; its intent was to bring together the women in the program (as well as
others from outside MSRI) so that they can become acquainted with each other and form
a cohesive working cohort for the semester. This was followed by the Introductory
Workshop which served to provide an overview of the scientific plans for the semester.

In order to promote interactions of theoreticians and modelers with experimentalists, the
organizers devised the scheme of “Emphasis Weeks”. These were special weeks, devoted
to a particular special topic, to which experimentalists came to MSRI to interact
informally and in depth with the MSRI members of the program. It is ordinarily difficult
to get experimental scientists away from their laboratories for extended periods, but these
weeks succeeded and proved valuable on all sides.

The workshops as a whole had a total of 330 registered participants. It often seemed
during workshops that we had maxed out the capacity of MSRIs facilities and couldn’t
have accommodated any more participants. The participants made a truly
interdisciplinary bunch. The registration statistics show that 16% of participants were
from Mathematics departments, 10% from Applied Mathematics departments, 10% from
Statistics departments, 28% from computer Science departments, 6% from Physics, and
4% from Biology and Psychology departments. We also had good non-academic
representation: 9% from Industrial labs and 9% from Government/nonprofit Labs.
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Final reports from each of the workshops will appear separately.

Weekly Seminars. We held seminars on Tuesday afternoons in “off-weeks’ where there
was no workshop. At these seminars, the Postdocs spoke about their own recent research,
or about a topic of interest to them.

The seminars had a unique atmosphere. Only about 1/3 of the time (say 45 minutes) was
filled by the prepared presentation. But typically, the whole seminar would last about 2
hours, and could range from details about the way a result was obtained, to broad
generalities about how research should be done. The reason for the lengthy discussions
was the interdisciplinary nature of our group, which caused frequent questioning of
“cultural” assumptions. After the seminars, we went to dinner in a local restaurant.

Journal Seminars. On Fridays, we held a seminar where only postdocs and graduate
students were allowed; they read and discussed a variety of fundamental papers, free of
overbearing, opinionated senior scientists.

Innovations. In a possible first for MSRI, one of our workshops was co-sponsored with
the Redwood Neuroscience Institute of Menlo Park, CA. The workshop, titled ‘Emphasis
Week on Neurobiological Vision’, hosted many leading researchers in the measurement
of neural activity in the visual pathway. The workshop took place at MSRI Mon-Wed-
Thurs., and was held Tues. at Redwood (Participants came from Berkeley by Bus).

Speakers at that workshop discussed topics ranging from detailed studies of the firing
patterns in time of single neurons to descriptions of new multiple neuron recording
techniques. As additional treats, there were presentations by Silicon Valley Entrepreneur
Jeff Hawkins on a new handwriting recognition system he is developing and by Don
Glaser on perceptual psychophysics anomalies. A panel discussion at Redwood on
Tuesday discussed visions of the future of neurobiological vision research; David
Mumford played a video produced by Clay Reid’s lab at Harvard using calcium channel
imaging to make a "movie’ showing roughly 1000 neurons firing in response to visual
stimuli. The Redwood Neuroscience event was followed by a reception at the Computer
Museum in Mountain View, California.

Outreach. At the prompting of MSRI management, the organizers prepared an article
for The Scientist, a weekly science magazine oriented towards biologists. It appeared in
June 2005, and is attached as a supplement to this report. In addition, senior researchers
gave several lectures at the MSRI/Evans series, which was well attended by UC Berkeley
and Stanford scientists from a wide variety of disciplines.
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Participation Statistics.

Vision Semester 4

The table below shows participation by departmental

affiliation.
Low
and Perce

Women | Intro. | Neuro | Mid Visual | ptual

In Work | biol. level | PREP | Recog | Orga

Math. shop | Vision | Vision nition | niz. Totals | PCT
Mathematics | 5 165 |4 4 7 6.5 9 52 16%
Appld Math 3.5 5.5 4 3 3.5 8.5 5.5 33.5 10%
Stats 2 9.5 3 7 3.5 5 1.5 31.5 10%
Comp Sci 3.5 24 10 20.5 4.5 21.5 8 92 28%
Engineering 8 2 3 0.5 6 1 20.5 6%
Phys 2 3 1 1 7 2%
Psychology 1 3 2.5 6.5 2%
Biol 2 17 1.5 5 25.5 8%
Gov/
non-profit
labs 1 11.5 |10 4 1 3 30.5 9%
Industry 3 8 3 9 2 6 31 9%
Uncertain 4 14 6 1 0 9 0
TOTALS 22 102 65 53 23 74 25 330
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Vision Semester 5

The following table presents institutional affiliations of members with stays longer than

two months.

Institution Name Institution Dept city state country
University of California, San Department of
Diego Mathematics La Jolla CA
Department of Applied
Math and Computer
Weizmann Institute of Science Science Rehovot Israel
ETH-Ziirich - Eidgendssische
Technische Hochschule Computer Science Zurich Zurich | Switz
Department of San
San Francisco State University Mathematics Francisco CA
Stanford University Department of Statistics | Stanford CA
Brown University Applied Mathematics Providence | RI
Stanford University Mathematics Stanford CA
Department of
Mathematics,
Computer Science, and
Purdue University, Calumet Statistics Hammond | IN
California Institute of Applied &
Technology Computational Math Pasadena CA
UCB - University of California,
Berkeley EECS Berkeley CA
Brown University Applied Mathematics Providence | RI
University of California, Davis Mathematics Davis CA
Division of Applied
Brown University Mathematics Providence | RI
Oxfor | United
Oxford University Engineering Science Oxford dshire | Kingdom
University of California, Los Statistics and Computer | Los
Angeles Science Angeles CA
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Minds Must Unite

Recently, in the halls of the Mathematical Sciences Research Institute
(MSRI) in Berkeley, Calif., a revelation was taking shape.

Email: David L Donoho - donoho@stanford.edu; David Mumford -
david_mumford@brown.edu; Bruno A Olshausen - baolshausen@ucdavis.edu
The Scientist 2005, 19(11):18

It's time for experimentalists to stop ignoring
computational modelers

o

David L. Donoho (left) is the Anne T. and Robert M. Bass Professor at Stanford
University. David Mumford (center) is a professor of applied mathematics at Brown
University. Both are members of the National Academy of Sciences. Bruno Olshausen
(right) is an associate professor in the Department of Neurobiology, Physiology, and
Behavior and a member of the Center for Neuroscience at the University of California,
Davis. He is also a principal investigator at the Redwood Neuroscience Institute in Menlo
Park, Calif.

Recently, in the halls of the Mathematical Sciences Research Institute (MSRI) in
Berkeley, Calif., a revelation was taking shape. During a workshop tailored to unite
neuroscientists, mathematicians, and computer scientists in the study of the visual cortex,
one mathematician could contain his astonishment no longer. "Sherrington's enchanted
loom has come to life," he exclaimed, reacting to a video of work done at Harvard
Medical School by a team at R. Clay Reid's laboratory.1 <http://www.the-
scientist.com/2005/6/6/18/1#B1>

The video showed in vivid detail - supplied by two-photon microscopy of neurons filled
with calcium-sensitive dyes - the firing of hundreds of cells in a cat's visual cortex as the
cat watched different orientations of black and white bars. Individual V1 neurons "lit up™
as the bars appeared in an orientation suitably matching their receptive fields, and "went
dark" for other orientations. The video made clear, in the most dramatic way, that V1
neurons "light up™ in clusters of cells organized by space and orientation.
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The researcher's reaction refers, of course, to Charles Scott Sherrington's famous
metaphor for neural activity in the brain as "an enchanted loom where millions of
flashing shuttles weave a dissolving pattern, always a meaningful pattern, though never
an abiding one." Indeed, in watching the video (available on our homepage
<http://www.the-scientist.com>) one senses a variety of subtle patterns in the space-time
behavior of cell firings, but without a strong sense of grasping the full picture.

But the surprise was not due to the biological fact on display. The columnar organization
and orientation preference of cells in V1 has been known for 30 years. The real
bombshell was that phenomena that had once required heroic efforts to elucidate -
involving extensive single-cell measurements, lengthy data analysis, and laborious
interpretation - could now be seen, visually and directly, rather than subtly inferred.

OF TWO MINDS

The workshop, cosponsored by Redwood Neuroscience Institute (RNI) of Menlo Park,
Calif., was sparked by the impending arrival of large-scale multiple-neuron recording,
which forces us to imagine a new era of theoretical/empirical exchange in neuroscience.
Neuroscience's history has too often afforded examples of grand theoretical speculations
essentially immune to empirical test. Moreover, experiments have harvested floods of
data describing infinitesimal parts of the brain's total activity (e.g., one neuron out of ten
billion, or the average activity level of one million neurons together). Thus, theory and
experiment have often gone their own ways.

At times theory and experiment have come together successfully. Donald Hebb first
proposed the basic physiological mechanism underlying learning in 1949.2
<http://www.the-scientist.com/2005/6/6/18/1#B2> Although it stood for decades without
experimental support, his basic idea under the names of short- and long-term potentiation
IS now supported by a wide array of experiments.3 <http://www.the-
scientist.com/2005/6/6/18/1#B3>,4 <http://www.the-scientist.com/2005/6/6/18/1#B4>

But that's not the norm. The experimental paradigm until now has been one of struggle
for a handful of data, which are then exhaustively analyzed within the laboratory that
managed to collect them. Generally independent data analysts and theorists have had
little access to important datasets. At the MSRI/RNI workshop, one theoretical
neuroscientist commented over coffee about the circular trap blocking interaction:
"Theorists can't get data to compare with theories, because experimentalists don't care
about theoretical work. They [experimentalists] don't know of many success stories from
collaboration ..., because theorists didn't have access in the past.”

Arguably, the major issue dividing theorists and experimentalists in recent years has been
whether information processing in the brain is carried on by single cells, each
representing one ingredient of a thought and communicating with each other by their
firing rates; or whether neuronal assemblies with integrated firing patterns carry on the
computational process. The former is often called the "grandmother neuron” theory after
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Horace Barlow's semifacetious proposal that somewhere in your brain, there should be a
neuron which fires precisely when you are looking at your grandmother. The latter theory
is associated with Hebb and also with the proposal that synchrony between neurons or
precise firing differences should carry information. This issue has split the experimental
and modeling communities. When only a small random subset of the neurons in a given
area of the brain can be studied at once, there has been little chance of making a
definitive experimental test of this issue.

GETTING BIGGER

Enter the era of large datasets, collected with a density and depth previously
unimaginable: multineuron image sequences, multineuron spike sequences, and spike-
triggered statistical analyses. Simultaneously recording 1,000-10,000 neurons in a
column on millisecond time scales is not out of reach. Suddenly, the possibility of
detecting cell assemblies with stereotyped firing patterns seems realistic.

SHERRINGTON'S LOOM
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Single-cell calcium imaging in vivo, as shown here in the rat cortex, might elucidate the
relationships between anatomy and physiology of neuronal populations at an
unprecedented level.

The Reid lab video is just one development. Other new methods measure multiple neuron
activity with submillisecond time resolution. At the MSRI/RNI workshop, Charles Gray
of Montana State University described recent progress in developing multielectrode
arrays, allowing the experimenter to observe spike trains from many neurons
simultaneously. These arrays, configured as more than 50 tetrodes in a column, can be
disentangled, after sophisticated signal processing, into dozens of spike trains associated
with individual neurons near the electrode array. The spike trains, in turn, exhibit
correlations between each other and with the visual stimuli. So researchers are now able
to witness the "passing of information™ among neuronal collectives.

Another exciting development has been the use of 100-electrode array implants in
paralyzed human subjects. Work by John Donoghue at Brown University and at
Cyberkinetics in Foxborough, Mass., has been using this implant as a neural prosthesis,
enabling subjects to command a computer by merely thinking about the desired effect.5
<http://www.the-scientist.com/2005/6/6/18/1#B5> Mathematical techniques, such as the
Kalman filter, are used to interpret the recorded spike trains, and Donoghue's
collaborators, including mathematicians and computer scientists, refine these algorithms.
The datasets from all these high-bandwidth recordings need sophisticated analyses in
order to tease out their meanings, and this is one important role for statisticians and
mathematicians.

Moreover, the ongoing data revolution is causing a theory revolution, an increasingly
sophisticated approach to learning models from real data. Instead of proposing simplistic
equations to model the process of thought, theorists now use massive existing databases,
satisfying no known equations, as sophisticated models of what the brain deals with and
how it processes information. At the MSRI/RNI workshop, mathematicians discussed
several such new data-driven models. Extrapolating only slightly, Carnegie Mellon
University's Michael Lewicki showed how the hierarchical structures in visual patterns
could be learned automatically from visual data, by statistical learning algorithms.6
<http://www.the-scientist.com/2005/6/6/18/1#B6> Going further, Stuart Geman of
Brown University presented a model in which partial synchrony of neural firing could
create grammatical groupings, as in the syntax of language. At what one might call the
high end of theorizing, Jeff Hawkins, the director of the RNI, presented a general
framework for the computations of the brain, entitled "How the Cortex Works."7
<http://www.the-scientist.com/2005/6/6/18/1#B7> It may well be possible soon, even for
models as ambitious as Hawkins', to devise experimental tests for their key ideas.

AND COMING TOGETHER

Awareness of opportunities of high-throughput data is now driving both new theory and
new experiment. This gives new common ground between theory and experiment; the
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way is ready for fruitful exchanges, erasing the past history of division and indifference.
We should now vigorously encourage such exchanges. But this requires effort.

Funding agencies such as the National Institutes of Health and the National Science
Foundation can encourage such interactions by:

. Demanding interdisciplinary data-analysis teams explicitly requiring statisticians,
computer scientists, electrical engineers, and applied mathematicians to be involved in
the data analysis on any sponsored work, the same way they currently require statisticians
to be involved in the design and analysis of clinical trials

. Explicitly supporting theoretical modeling efforts related to new high-throughput data
sources

. Encouraging experimentalists to open their labs to cross-disciplinary work

. Creating publicly-available data sources similar to efforts by the Human Genome
project for genomics, the Sloan Digital Sky Survey for astronomy, and the Digital Human
project for anatomy

. Creating alternatives to the study section/continuing grant models that would discourage
out-of-the-box, entrepreneurial thinking

Other organizations, particularly scientific societies and publicly funded research
institutes, can further the exchange of ideas by literally bringing members of different
communities together. MSRI itself has long been in the forefront of holding workshops to
bring together mathematicians with scientists in other areas to facilitate these interactions.
Other organizations in mathematics and science generally should follow their lead and
foster further exchange.

The common denominator here is the disruptive influence of new massive datasets, with
detail and density never before available. The data are becoming rich enough and
complicated enough for mathematical sophistication to become essential. Funding
agencies and research institutes should push hard to promote sophisticated methods,
open-source datasets, and close collaboration.

Maybe we'll soon see things even Sherrington never imagined.

References

1. K Ohki et al, "Functional imaging with cellular resolution reveals precise
microarchitecture in visual cortex," Nature 433: 597-660. [Publisher Full Text
<http://dx.doi.org/10.1038/nature03274>] Feb. 10, 2005

2. D Hebb The Organization of Behavior New York: Wiley 1949. 3. MR Mehta
"Cooperative LTP can map memory sequences on dendritic branches,” Trends Neurosci
2004, 27: 69-72. [PubMed Abstract
<http://www.biomedcentral.com/pubmed/15106650>][Publisher Full Text



The Scientist 2005, 19(11):18 6

<http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&cmd=prlinks&re
tmode=ref&id=15106650>] 4. M Tsodyks "Spike-timing-dependent synaptic plasticity -
the long road towards understanding neuronal mechanisms of learning and memory,"
Trends Neurosci 2002, 25: 599-600. [PubMed Abstract
<http://www.biomedcentral.com/pubmed/12446119>][Publisher Full Text
<http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&cmd=prlinks&re
tmode=ref&id=12446119>] 5. JP Donoghue et al, "Development of a neuromotor
prosthesis for humans," Advances in Clinical Neurophysiology, Supplements to Clinical
Neurophysiology(Edited by: Hallett M). 2004, 57: 588-602. 6. Y Karklin, MS Lewicki
"A hierarchical Bayesian model for learning nonlinear statistical regularities in
nonstationary natural signals,” Neural Comput 2005, 17: 397-424. [PubMed Abstract
<http://www.biomedcentral.com/pubmed/15720773>][Publisher Full Text
<http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&cmd=prlinks&re
tmode=ref&id=15720773>] 7. J Hawkins, SO Blakeslee On Intelligence New York:
Henry Holt 2004. Related Articles

Video Extra: Visit our homepage <http://www.the-scientist.com> for a video of Harvard
Medical School's R. Clay Reid demonstrating the microscale organization of visual nerve
cells in the living animal brain
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As genome sequence data accumulates exponentially, the infrastructure that handles it all
also needs to break new ground

(Stuart Blackman)

Making Biological Computing Smarter <http://www.the-scientist.com/2005/6/6/20/1>
Tools for thought in the age of biological knowledge

(Nina Fedoroff, Steve Racunas and Jeff Shrager)



Final Report for the Spring 2005 Program at MSRI
“Probability, Algorithms and Statistical Physics”

YUVAL PERES AND ALISTAIR SINCLAIR, organizing committee co-chairs

Overview

Before describing the progress obtained during the semester, we reproduce a few quotes from
participants.
Key senior Scientist Marc Mézard, a leading physicist, wrote:

”One important aspect of my stay in MSRI consisted in developing interactions, and
establishing a common language, with the mathematicians and computer scientists at-
tending the program. The talks contributed to these exchanges, but there were also
numerous informal and direct exchanges with other participants. In my opinion these
exchanges have been very useful: I am convinced that we now understand each other
much better, and the techniques and concepts used in the different communities are
beginning to cross-fertilize. ”

Postdoc Alexander Holroyd wrote:
"It would be difficult to imagine a more enjoyable and productive research environment.”

Visitor Maria Eulalia Vares wrote:

"It has been a marvelous opportunity to get indications of research directions. Want
also to congratulate you all for the excellent program, excellent workshops, and very
nice atmosphere.

Markov chain Monte Carlo

One major theme of the program was the Markov chain Monte Carlo (MCMC) method, and in
particular the relationship between the mixing time of “Glauber dynamics” (local Markov chains
for spin systems) and phase transitions in the underlying system.

Visitors Martin Dyer, Leslie Goldberg and Mark Jerrum considered the relationship between
various versions of Dobrushin’s uniqueness theorem and the mixing time [13]. In particular, they
investigated the mixing time of the so-called “systematic scan” version of Glauber dynamics, in
which sites are updated in deterministic, rather than random, order. Systematic scan is a topic of
increasing interest, partly because it is frequently the implementation used in practice, and partly
because of its theoretical interest as a “less random” version of the Glauber dynamics. The main
result of [13] is that the Dobrushin and Dobrushin-Shlosman uniqueness conditions imply rapid
mixing not only of the original Glauber dynamics, but also of systematic scan. The paper also
provides a number of other insights into the intriguing subject of scan dynamics.

Another result on Glauber dynamics was obtained by postdoc Tom Hayes and organizer Alistair
Sinclair. They proved that the mixing time of the Glauber dynamics for an arbitrary spin system
on a bounded degree graph is always at least ((nlogn). This resolves a conjecture that had been in
place for some time, but had previously been proved only in very restricted circumstances, such as
for the empty graph and the path. The paper was presented at the IEEE FOCS in Fall, 2005 [20].



Progress was made on applications of MCMC to various combinatorial problems. For example,
visitors Magnus Bordewich, Dyer and Marek Karpinski used path coupling combined with a novel
stopping time analysis to extend the range of applicability of MCMC for sampling and counting
independent sets and colorings in hypergraphs. These techniques, presented in [10], are likely to
find further applications in the future.

Further general techniques for the analysis of MCMC algorithms were obtained by long-term
visitor Prasad Tetali with MCMC workshop participants Sharad Goel and Ravi Montenegro. Their
paper [17] introduces the concept of the “spectral profile,” which provides a unified framework
for deriving a host of previous bounds for mixing times of finite Markov chains. One notable
application of the spectral profile was a significant improvement of Morris’ seminal bound on the
mixing time of the Thorp shuffle, a topic that was highlighted at the MCMC workshop at MSRI.
A further expository survey paper on advanced analytic techniques for mixing times was prepared
by Montenegro and Tetali [30].

Applications of MCMC in computational biology were investigated by visitor Eric Vigoda and
UC Berkeley faculty member Elchanan Mossel. They gave the first analysis of a popular class of
MCMC algorithms used for phylogenetic inference in Evolutionary Biology, exhibiting a class of
examples where these algorithms are provably inefficient. This surprising result appeared in the
journal Science in September, 2005 [32].

Inspired by a talk of Persi Diaconis at the MCMC workshop, Sinclair and Vigoda investigated
the heuristic known as “sequential importance sampling” (SIS), which is currently being advanced
as a potential competitor for MCMC. In the paper [9] (co-authored with two of Vigoda’s graduate
students), they showed that SIS may fail badly for certain classes of inputs; in particular, for the
important problem of binary contingency tables, they demonstrate a class of inputs for which SIS
will provide exponentially bad estimates.

Outreach

Following a suggestion of Hugo Rossi, the MSRI deputy director, a proposal was submitted by long
term visitors David Levin and Elizabeth Wilmer, and organizer Yuval Peres, to the Math. Assoc. of
America (MAA) to prepare instructors for teaching an undergraduate course on ”the Mathematics
of Markov chain Monte Carlo”. The proposal was approved by the MAA and the workshop will
take place at MSRI in June 2006.

Phase transitions

Another pervading theme of the program was that of phase transitions and sharp thresholds in
statistical physics models, and especially their connection to computational issues.

Visitor Dror Weitz, following intensive discussions at MSRI with Mossel, Sinclair and visitor
Fabio Martinelli, obtained a major result for the well known “hard-core” (or independent sets)
model. He showed that on any graph of maximum degree D, correlations decay with distance at
least as fast as they do on the regular tree of the same degree. This resolves a major open conjecture
in statistical physics. Moreover, since the comparison is constructive, and trees are easy to handle
computationally, the argument yields an approximation algorithm for the partition function of the
model in any graph of bounded degree up to the threshold value for trees. The argument also
implies rapid mixing of the Glauber dynamics in the same regime for any graph of subexponential
growth. These results will be presented at the upcoming ACM STOC Symposium [34].



Figure 1: Biham-Middleton-Levine traffic model at density 0.3 (above) and at density 0.8 (below).

Martinelli, Tetali and visitor David Galvin worked on a model for a symmetric loss network on
a tree with multicast calls [16]. The stationary distribution of the network turns out to be a Gibbs
measure related to the hard-core model, but with the important difference that now each node of
the tree can hold up to C' > 1 particles (calls) with the constraint that no more than C' particles sit
at the endpoints of any edge. The stationary measure exhibits the phenomenon of phase transition
as the arrival rate of calls A increases. The authors obtain precise estimates on the location of this
transition, for every C' > 1, as a function of A and the degree b of the tree. In particular, they
show that the system has a first-order phase transition for even C, but a second-order transition
for odd C! They also rigorously verify several experimentally observed and predicted phenomena
previously discussed in the multicast communication literature.

Visitors Omer Angel and James Martin and postdoc Alexander Holroyd obtained the first
rigorous result [6] on the celebrated Biham-Middleton-Levine traffic model. They proved that
jamming occurs for large density. Visitor Raissa D’Souza presented her empirical discovery of a
new ”intermediate phase” in this model.

There was much activity in the program centered on the reconstruction problem for trees and
associated threshold phenomena, inspired largely by the workshop on the topic held during March.
Long-term visitor Marc Mézard and post-doc Andrea Montanari made exciting progress on a long-
standing open problem in this area, namely, computing the threshold for non-vanishing information
transmission over a regular tree whose edges are noisy communication channels with ¢ symbols (for
g > 3). They showed that this threshold is directly related to the threshold for the existence
of a spin-glass phase in a statistical physics problem closely related to the original broadcasting
problem. The techniques from spin-glass theory (in particular, the cavity method) then allow one
to predict the threshold for reconstruction. For instance, for ¢ < 4 the reconstruction threshold is
given by the famous Kesten-Stigum formula, but it occurs at a noise value strictly larger than the
Kesten Stigum one for ¢ >= 5. A paper on these developments is in preparation [27]. There is a
real hope that this work will help to clarify some of the crucial issues in the cavity method, and
may lead to new approaches to the problem of structural glasses in physics.

Organizer David Aldous continued his long-term research program towards a probabilistic refor-
mulation of the cavity method from statistical physics, benefitting from the presence at the MSRI
program of key physicists such as Mézard and Montanari. This program involves both developing
novel non-rigorous applications to combinatorial optimization problems over random data [2] and
also seeking rigorous proofs.



Another computational area in which spin-glass analogies have been widely used, and which
provided a focus for a number of program participants, is that of random constraint satisfaction
problems. In particular, important progress was made on the difficult problem of understanding how
the spin-glass-inspired heuristic known as “Survey Propagation” is able to effectively solve random
k-SAT problems up to the satisfiability threshold. A key ingredient in such an understanding is
to demonstrate the existence of an intermediate phase, just below the threshold, where the space
of satisfying assignments fragments into distinct (and well-separated) clusters. Two independent
papers, one by workshop organizer Dimitris Achlioptas and Federico Ricci-Tersenghi [1] and one
by Mézard with visitor Riccardo Zecchina and T. Mora [28], establish the existence of such clusters
for sufficiently large k, in rather different ways.

Graduate student Elitza Maneva, working with colleagues at UC Berkeley and IBM Almaden,
and inspired by the activity on random satisfiability at MSRI, studied the structure of the solution
space of boolean constraint satisfaction problems (CSPs) from a rather different perspective. The
paper [18] proves various dichotomy theorems in similar spirit to the classical theorem of Schaefer
from 1978: classes of CSPs whose solution spaces have small (linear) diameter are completely
characterized, and all other classes have exponential diameter in the worst case. Similar results
hold for the complexity of deciding whether the space is completely connected.

Another point of intersection between phase transitions and computation is the field of error-
correcting codes. Montanari, together with visitor Amir Dembo, worked on the finite-size scaling
problem for the existence of a 2-core (i.e., a subgraph of minimum degree at least 2) in a random
hypergraph. It is known from seminal work of Mike Luby and collaborators on erasure codes that
the probability that a random hypergraph with m hyperedges of order k and n = mp vertices
contains a 2-core undergoes a phase transition at a specific value of p. Dembo and Montanari
computed the scaling behavior of the probability, as a function of p, near this threshold. The
leading effects are a rounding of the phase transition over a window of size ©(n~'/2) and a shift of
the threshold of order ©(n~1/3). All the quantities involved in the scaling form are related to the
distribution of the minimum of a Brownian motion with parabolic shift.

Montanari also collaborated with visitor Balaji Prabhakar and UC Berkeley faculty member
David Tse on belief propagation algorithms for multi-user detection. The problem can be abstracted
mathematically as follows. Given a random vector x € R¥ (with i.i.d. entries) and a random N x K
matrix S, one would like to infer x from the noisy observation y = Sx+w, where w is additive white
gaussian noise. For practical purposes, it is important to accomplish this task quickly. Under the
hypothesis of a priori gaussian entries x;, the authors proved that belief propagation is indeed an
optimal (and convergent) detection algorithm with high probability with respect to the realization
of the matrix S. The resulting algorithm can be implemented with ©(N?) operations per iteration
and is found to converge in a small (finite) number of iterations. The resulting paper [29] was
invited to the Allerton Conference in September, 2005.

Applications in computational biology

A minor but nonetheless productive theme that emerged during the program was the application
of statistical and combinatorial models in computational biology. Visitor Mike Steel worked with
Elchanan Mossel and Berkeley PhD student Sebastien Roch on the problem of reconstructing sets
of two or more trees from the site patterns they produce under a mixture of Markov processes. The
resulting paper [31] shows that under certain conditions one can recover sets of trees from the data
they would produce (where for each site it is not known which tree produced that site), while in



slightly more general cases this is provably not possible.

Organizer David Aldous worked at MSRI with co-author Lea Popovic, helped by discussions
with Steel, on stochastic models for phylogenetic trees. Two papers were written on this topic [5, 25].

Combinatorial models in computational biology were the main focus of interdisciplinary postdoc
Sergi Elizalde. One of the contributions resulting from his stay at MSRI was a proof that the
number of inference functions of a graphical model grows only polynomially in the size of the
model, assuming that the number of parameters is fixed [14]. Another contribution was to find
bounds for the number of different optimal alignments that two biological sequences can have
(where the penalties for gaps, matches and mismatches can vary) [15].

Random networks

The workshop “Models for real-world random networks” towards the end of the program provided
a focus for research on this topic. Among the concrete outcomes were two papers by David Aldous
investigating the properties of flows through random networks [3, 4], inspired by discussions with
Balaji Prabhakar and others at the workshop. Another outcome in this area was a new mathemat-
ically tractable graph model for a biological neural network, developed by visitor Tatyana Turova
and collaborator A. Villa. The model captures the propagation of impulses during so-called unsu-
pervised learning, and explains numerical results on formation of stable structures in a biological
neural network [33].

Visitor Omer Angel, with Postdocs Dan Romik and Alexander Holroyd, investigated Random
Sorting Networks. In the paper [7] they prove some preliminary results and make several remarkable
conjectures (supported by strong evidence). A Focussed Research Group at the Banff Research
Station has been organized to continue this work further in Spring 2006.

Random walks and percolation models

Following discussions with many participants, visitor C. Hoffman solved an important problem on
dynamical two dimensional random walk. Consider an evolving collection of realizations, S*, of
simple random walk which is indexed by [0,1] and see which properties that hold almost surely
hold for all ¢ € [0,1] and which only hold for almost every ¢. Hoffman [21] proved that simple
random walk on Z2, while recurrent on a set of full measure, is, however, transient on a set of
dimension 1.

Visitor N. Berger obtained (in joint work with M. Biskup) a quenched central limit theorem for
simple random walk on percolation clusters that had been conjectured for a long time.

Inspired by this work, Peres and Zeitouni obtained a central limit theorem for random walks
on random trees.

Visitor Harry Kesten and Simons professor Vladas Sidoravicius made decisive progress on a
difficult problem involving pinning of random Polymers.

Sidoravicius also worked with Vares, peres and van den Berg on a model of “growth in a
hazardous environment”.

Connections with Combinatorics and Ergodic Theory

Visitor Chris Hoffman, postdoc Alexander Holroyd and organizer Yuval Peres finished an ongoing
project on "fair allocation for point processes” resulting in two papers, [22, 23]. Holroyd, Peres and



Figure 2: Rotor-router aggregate of one million particles. Each site is colored according to the
direction of its rotor.

Dan Romik, completed a paper with graduate student Nate Harvey [19] on Finitary Codes with
Exponential Tails.

Graduate student Lionel Levine, with organizer Yuval Peres, analyzed the rotor-router model,
a deterministic analogue of random walk invented by Jim Propp. It can be used to define a
deterministic aggregation model analogous to internal diffusion limited aggregation. They proved
an isoperimetric inequality for the exit time of simple random walk from a finite region in Z?, and
used this to prove that the shape of the rotor-router aggregation model in Z¢, suitably rescaled,
converges to a Euclidean ball in R?, see Figure .

Postdocs Brian Rider and Bélint Virag proved a Central limit theorem for eigenvalues of the
i.i.d complex gaussian matrix.

Graduate students Hough and Krishnapur wrote a paper with Peres and Virag titled ” Deter-
minantal Processes and Independence” which was accepted to Probability Surveys.

Long-term visitor and member of the Organizing Committee, Peter Winkler, concentrated on
the topic of “submodular percolation,” which connects problems involving scheduling sequences
with coordinate percolation and optimization; with short-term visitor Graham Brightwell, Winkler
proved a central theorem saying that through any submodular system there is a maximal chain



which is superior to any path in a certain strong sense. Among the consequences of this result are:
(1) a simple condition under which one can guarantee that a complex process can be scheduled so
as to avoid backward steps; (2) an integral equation describing the probability of percolation in a
certain setting (joint work with Lizz Moseman, a graduate student of Winkler); (3) progress on a
metric topology problem which arose in connection with the Poincaré conjecture; and (4) algorithms
for moving from path to path in networks of various kinds. Some of these items will appear in the
paper [11]. and others in Moseman’s thesis.

Winkler also inspired postdoc Elizalde to work on a combinatorial conjecture of Neil White,
which states that any two multisets of bases of a matroid that are equivalent (meaning that each
element of the ground set appears with the same multiplicity) are connected by a sequence of
elementary moves, each one consisting of a symmetric exchange between two bases of the multiset.
Together with Giulio Caviglia (another MSRI postdoc) and Luis Garcia, Elizalde was able to prove
the conjecture for a class of matroids [12].
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NONLINEAR ELLIPTIC EQUATIONS PROGRAM
MSRI, FALL 2005
FINAL REPORT

The program on Nonlinear Elliptic Equations and their Applications ran from
late August to early December, 2005, at MSRI’s temporary location on Telegraph
Ave in Berkeley, followed by a brief stay in Evans Hall on the UC Berkeley campus.

We are very grateful for the support of MSRI; and we in particular praise the
staff for their great help, especially during some difficult periods when the facilities
on Telegraph Ave became unavailable.

1. WORKSHOPS

We ran four workshops:

MSRI Workshop for Women in Mathematics: An Introduction to El-
liptic Partial Equations.

Organizers: P. Bauman, A. Chang, L.. C. Evans and J. Steiner

This two day workshop was intended as a real introduction to nonlinear elliptic
equations, preparatory for the next week’s meeting, and was thus an “introduc-
tion to the introduction” to the field. Alice Chang and Craig Evans each gave 3
expository lectures. Evans provided a quick overview, discussing in particular the
key estimates of DeGiorgi-Moser-Nash; and Chang discussed nonlinear elliptic PDE
from conformal geometry.

There were additional contributed talks by J. Steiner, M. Brakalova, K. Krupchyk
and C. Popovici; and J. Stein and P. Bauman also organized an interesting “Careers
- Offer and Ask” group discussion.

Many participants felt that whereas the actual meeting was good, the title “Work-

shop for Women in Mathematics” seemed sort of inappropriate.

Introductory Workshop.

Organizers: L. Caffarelli, L. C. Evans, M. Gursky, C. Gutiérrez, P. Yang.

The highlights of this week-long conference were two minicourses of five lectures
each, by Luis Caffarelli on “Basic tools for the regularity theory of nonlinear elliptic
equations” and by Matt Gursky on “Some fully nonlinear equations in geometry”.
Nick Krylov also gave three afternoon lectures on numerical schemes for fully non-

linear equations.
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Additional talks on a variety of relevant topics were presented by P. Bauman,
A. Domokos, M. Safonov, D. Maldonado, F.-H. Lin, D. Hartenstine, M. Del Mar
Gonzalez, E. Hebey, Y.-Y. Li, P.-F. Guan and R. McCann.

Recent Results in Nonlinear Elliptic Equations and their Interactions
with Geometry.

Organizers: F. Pacard, N. Trudinger and P. Yang.

This workshop was devoted to a wide variety of PDE problems occurring in dif-
ferential geometry, with particular emphasis upon conformal geometry (where de-
signing conformal transformations with desired properties leads to nonlinear elliptic
equations of various sorts).

The speakers were G. Tian, X. Chen, J. Viaclovsky, X. Cabre, R. Schoen, S.
Brendle, O. Druet, B. Amman, X. Zhu, G. Huisken, J. Cheng, S. Chen, Q. Han, N.
Ghoussoub, B. Franchi, R. Mazzeo, B. White, X. Wang, L. Caffarelli, A. Chang, R.
Gover, J. Qing and F. Hang.

Optimal Mass Transport and its Applications.

Organizers: L. C. Evans ; W. Gangbo and C. Gutiérrez.

The focus of this workshop was the optimal transport of mass from one location
to another. Such seemingly very specialized mathematical problems in fact appear,
in various guises, in surprisingly many areas of mathematics and its applications.

Our very well attended program featured many specialized talks from experts in
many fields, including mathematical economics, fluid dynamics, classical dynam-
ics, meteorology, numerical analysis, etc. In addition, Robert McCann presented a
beautiful series of five introductory lectures, replacing Cedric Villani, who had to
cancel owing to medical problems.

The other speakers were: X-J Wang, J. Lott, J. Mattingly, Y. Brenier, L. Caf-
farelli, A. Fathi, P. Bernard, G. Buttazzo, T. Nguyen, A. Oberman, C. Shannon, L.
Ambrosio, L. Ruschendorf, F. Santambrogio, A. Tudorascu, D. Gomes, M. Cullen
and A. Plakhov

The funding for this workshop was an FRG grant awarded to Caffarelli, Evans
and others; but MSRI provided fantastic participant support. Thanks.

2. SEMINARS

NEE seminar. We held two one-hour seminars every Wednesday, except dur-

ing the weeks of workshops. Most speakers were members of MSRI, whose talks
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focussed mostly on current research for the oo-Laplacian equation, mass transporta-
tion, Monge-Ampere type PDE, geometric aspects of nonlinear elliptic equations,
etc.

Postdocs seminar. There was also on Fridays a weekly joint postdocs seminar,
organized with the program on dispersive equations. MSRI provided a pizza lunch
afterwards, and this vastly increased the attendance.

(We also organized informal beer parties for the postdocs and visitors late on
Friday afternoons at Raleigh’s on Telegraph Ave. These were often extremely well
attended, but we were bitterly, bitterly disappointed we never got David or Hugo
to show up.)

MSRI-Evans talks at UC Berkeley. We also ran with Hugo Rossi a series
of Monday afternoon expository lectures in Evans Hall, intended for a wide mathe-
matical audience, including graduate students. Michelle Antonio made some great
posters to advertise these talks within the Math Department.

These were the lectures from participants in our program:

e L. C. Evans, “An overview of nonlinear elliptic equations: applications and
estimates”

e C. Gutiérrez. “The Monge-Ampere equation”

e N. Trudinger, “Nonlinear PDE and mass transport”.

We commend Hugo Rossi for his relentless efforts to publicize and increase the
attendance at these talks. After some experimentation, we decided that taking the
audience out for beer and pizza afterwards was most effective. Hugo was a great
and gracious host, even with the rest of us constantly jabbering over beer about
technical estimates.

3. SPECIAL MINICOURSE

In addition the minicourses included in the workshops, we organized a crash mini-
course on “Stochastic differential equations and connections with nonlinear PDE”,
comprising each day two 1% hour lectures by L. C. Evans, over three consecutive
days.

This series was (arguably) a great success, and it was certainly an interesting
experiment to concentrate lectures so intensely. We think that such a “crash mini-

course” may perhaps be a useful model for future programs.
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4. SPECIAL COURSE AT UC BERKELEY

Neil Trudinger also taught a regular, 15 week graduate course at UC Berkeley,
largely from his famous book FElliptic Partial Differential Equations of Second Order
(written with D. Gilbarg). Neil went to a lot of trouble to streamline and update
the highly technical estimates in this book.

All of the postdocs and many UCB graduate students faithfully attended these
lectures the entire semester.

5. LONG TERM VISITORS

We had many members in residence for extended periods, including N. Trudinger,
R. McCann, V. Oliker, R. Jensen, C. Gutiérrez, P. Yang, and L. C. Evans.

6. RESEARCH ACCOMPLISHMENTS

We are happy with the new research on nonlinear PDE forthcoming from this

semester’s program:

e Sophie Chen worked out the general condition for local estimates for the fully
nonlinear equations in conformal geometry. (She will be coming to UC Berkeley for
the next 3 years on a prestigious Miller Postdoc.)

e Frank Pacard initiated a number of projects with several participants of the
program. For example, in a joint work with Xingwang Xu, he proves the existence
of minimal surfaces with multiplicity in any Riemannian manifold.

e Andrea Malchiodi worked on the prescribing Q-curvature problem, finding some
new existence results in dimension four.

e Changyou Wang and Yifeng Yu continued to collaborate on a variety of questions
concerning Aronsson’s equation, and in particular proved solutions are C' in two
dimensions.

e Jie Qing and Paul Yang worked out a comparison between the Yamabe metric
and a conformal metric satisfying the oo = 1 equation on a class of compact 4-
manifolds.

e Alice Chang, Matt Gursky and Paul Yang developed a family of invariants for
conformal geometry on a manifold with a given measure. In addition to finding a
large family of conformally covariant operators, there appears a new intepretation of
the Yamabe problem in terms of action of the diffeomorphism group. In this respect
there is some contact with the theory of mass transport.

e Craig Evans and Ovidiu Savin (a postdoc at UC Berkeley) spent a lot of time
at MSRI discussing the fundamental problem of proving C! regularity for weak
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solutions of the so-called co-Laplacian PDE. They have done for for two dimensions,
and in a forthcoming paper outline in great detail a plausible program for proving
C! estimates in higher dimensions, if certain gradient bounds are available.

e Bob Jensen discovered and lectured on a nice geometric interpretation of so-
lutions of the oco-Laplacian equation in terms of inverse curvature flow in two di-
mensions. This is a partial answer to a long open problem as to possible geometric
meanings of “co-harmonic” functions.

e Truyen Van Nguyen, Maria Del Mar Gonzalez and Luis Caffarelli worked on the
regularity problem for mass transport with power cost functions, when the domain
and target regions are far away.

e Nguyen also worked with Robert McCann on some mass transport problems,
and made some progress in questions with logarithmic costs.

e Nguyen, Qingbo Huang and Cristian Gutiérrez also discovered a simpler proof
to Caffarelli’s C?“ estimates for solutions to the Monge-Ampere equation.

e Lanconelli, Di Fazio and Gutiérrez wrote a paper about covering lemmas of
Besicovitch type and applications to PDE. The covering arguments extend and refine
some theorems Caffarelli and Gutiérrez proved for sections of convex functions to
the frame of spaces of homogenous type.

7. FACILITIES AND SUPPORT

Although we had hoped to be in the newly renovated MSRI, delays in construction
forced us to spend most of the fall semester at the temporary MSRI site on Telegraph
Ave, where the facilities were acceptable, but not outstanding. (But it was much
easier to get a good lunch there than at the usual MSRI location.) We unfortunately
had to vacate that building in late November, and, even before this, construction
noise was an increasingly major problem.

We particularly commend MSRI for smoothly making the transition to the tem-
porary location within Evans Hall in late November (and thanks also to the Math
Department staff who helped with this relocation). All in all, this awkward situa-
tion was handled extremely well; and we received amazingly few complaints from

our participants.

Our thanks also to MSRI for agreeing to provide money for some additional
social events, to offset in part the inconvenience of the temporary location. MSRI
in particular paid for two receptions Craig Evans held at his house, during both the

introductory workshop and the workshop on geometry and PDE. In addition MSRI
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funded a very nice reception on the 10th floor of Evans Hall for the mass transport

workshop.

Naomi Raine was particularly effective as the program coordinator, especially
when the later workshops had to be moved to the International House and, on one
day when the I-House was not available, to the Lawrence Berkeley National Lab.

Thanks again, Naomi!

8. FOLLOW-UP WORKSHOP?

But we are really extraordinarily jealous to see the great, great new facilities now
available at MSRI.

So we are also very thankful that David Eisenbud, Hugo Rossi and now the SAC
have been supportive of funding a 2 or 3 week “follow-up” workshop a few summers
from now. We will try to submit soon a formal proposal for this.

Submitted by: L. C. Evans, C. Gutiérrez and P. Yang



Final Report
Fall, 2005 Program on Nonlinear Dispersive Equations

Organized by organized by Carlos Kenig, Sergiu Klainerman, Christopher Sogge, Gigliola
Staffilani, Daniel Tataru.

The field of nonlinear dispersive partial differential equations has grown dramatically over the past
fifteen years due to the adaptation of the basic tools of linear analysis: harmonic methods and
vector fields, to the nonlinear situation. This program brought together the researchers involved in
these developments, resulting in a great exchange of ideas and techniques and further development
of the subject. Particularly useful, especially in the geometric approach to the subject, was the
interaction with the other MSRI program, that of nonlinear elliptic equations.

The main organizers, Christopher Sogge and Daniel Tataru were in residence for the entire
semester, and each organized a weekly seminar: Sogge’s on vectorfield methods and Tataru on
hyperbolic Yang-Millls and geometric methods. Other researchers present for the semester were
Hart Smith, Jim Colliander and Herbert Koch (who continued in the area as a visiting professor in
the UC Berkeley Mathematics Department). Smith led a group working on global existence
theorems, Koch and others on developing Strichartz estimates, and Colliander organized a seminar,
mostly involving younger researchers, developing the themes using harmonic analysis on which
Tao spoke during his stay at MSRI. One of the results of this last seminar was the proof by Visan
and Zhang of global existence in the super-critical energy Schrodinger equation (which also
encompassed the low-energy existence theorem of Bourgain and Tao. Irena Mitrea and Giglola
Staffilani were present for the first month or so of the program. Hans Lindblad came to MSRI for
two weeks early in the program and then returned for a month after his teaching semester ended.
These last three were almost always to be seen leading or participating in informal discussions in
one of the common spaces of MSRI. Those interactions had very positive effect, particularly on
younger members.

The introductory workshop provided an overview of the problems and methods in the field, and
went on to survey some recent developments. Hart Smith (U. Seattle) gave an excellent
introduction to wave packets and wave packet methods in nonlinear wave equations. Wilhelm
Schlag (U. Chicago) gave three lectures on his recent work on the stability of solitons for the
nonlinear wave equation and the nonlinear Schrodinger equation, and Jean Bourgain talked about
normal forms and renormalization in the context of the nonlinear Schrodinger equations.

The topical workshop, organized mainly by Dan Tataru focused mainly on geometric aspects of
Nonlinear Dispersive Equations. Speakers were chosen to talk about a diverse range of topics,
including the systematic use of dispersive and Strichartz estimates for linear dispersive equations
(used in the study of semilinear problems), the vector fields method for the linear and nonlinear
wave equation, estimates for bilinear and multilinear wave interactions, the use of wave packet
methods (for both linear and bilinear interactions), and the increasingly preeminent role played by
the geometrical aspects of nonlinear dispersive equations. The workshop had 18 speakers, each of
whom gave a one-hour presentation. Significant new results were presented; these split into two
main themes: existence of global solutions, and nonlinear hyperbolic equations arising from
geometric situations.



The presence of many relatively new PhDs and graduate students had a very postiive effect on the
whole program. In many instances, the direction of the program was driven by their interests and
insights, as in the case of the follow-up to Tao’s talks. To give a sense of the impact of the program
on its participants, here are some quotations from the checkout forms of members.

I was able to complete work on my thesis problem, and work on another paper with Jason Metcalfe
[a postdoc], in a collaboration begun at MSRI - Ann Stewart (graduate student of Chris Sogge).

The last few weeks at MSRI were a wonderful mathematical experience for me. Far from teaching
and adminstrative duties | was able to devote myself completely to research inspired by talking to
my collaborators (three of whom were at MSRI at the same time) as well as to experts in the field
of nonlinear dipsersive equations and postdocs.l also participated at the Introductory Workshop in
Nonlinear Elliptic Equations and Its Applications. Although it is not my area of current research, |
enjoyed listening to the talks, in particular to mini-courses given by Prof. Caffarelli and Prof.
Gursky.- Gigliola Staffilani (organizer)

| learned from Prof. Seick Kim about the Gaussian kernel estimates of the fundamental solution of
a system of PDE and Harnack type inequality, essential to my current work - Toshio Mikami
(general member)

I think that many partcipants (especially junior) could benefit from having one of the senior and
well-established mathematicians in residence teach a semester long topics course related to the
program. | have attended the introductory workshop in NEE and several talks at the NEE seminar. |
found these activities extremly valuable as | have an interest in this research area - Irena Mitrea
(research professor).

The atmosphere of constant exchange and reflexion during a long period has a tremendous impact
on the research - Jean Yves Chemin (general member). Chemin also mentioned specific
collaborations with Colliander, Koch, Pavolovic, Staffilani and Zworski (of the UCB Math
department).

Being at MSRI when there were two programs related to Partial Differential Equations was a very
good opportunity for me. The most valuable activity outside my own program was the workshop
on mass transportation - Herbert Koch (research professor)

I would like to thank very much organizers of the program in the nonlinear dispersive equations as
well as members of the scientific commitee and the Directors for inviting me to participate in the
program on the nonlinear dispersive equations. Many thanks to them for offering financial supoort
to me during my stay at MSRI. The last four weeks that | spent at MSRI were a wonderful
mathematical experience for me filled with work on projects with my collaborators, as well as
interesting informal mathematical discussions and participations at introductory workshops and
seminars. Also many thanks to the adminstrative and computing support staff whose help is greatly
appreciated too. MSRI did a great job in creating a research inspiring atmospehere in their
temporary location - Natasa Pavlovic (general member)



CAARMS10 in Berkeley, California during June 22-25, 2004

The Tenth Conference for African-American Researchers in the Mathematical Sciences
(CAARMS10) was held at both the Mathematical Sciences Research Institute and the
Lawrence Berkeley National Laboratory during the dates of June 22-25, 2004. Over 75
researchers and students attended the conference. The sponsors of the conference were
the National Security Agency (NSA), the Mathematical Sciences Research Institute and
the Lawrence Berkeley National Laboratory. The organizers were William A. Massey of
Princeton University, Robert Megginson of the Mathematical Sciences Research Institute,
and Juan Meza of the Lawrence Berkeley National Laboratory.

The working theme for this years conference was the 21st century and the future of
African-American researchers in the mathematical sciences. As a result all the speakers this
year were young researchers who have received or will receive Ph.D.’s in the 21st century.
The CAARMSI10 speakers were:

e Stephon Alexander, Stanford Linear Accelerator Center.

e Gerard Awanou, Institute for Mathematics and its Applications.
e Sean Brooks, Howard University.

e Juan Gilbert, Auburn University.

e Robert Hampshire, Princeton University.

e Monica Jackson, Emory University.

e Douglas McWilliams, North Carolina A&T State University.
e Milton Nash, University of Georgia.

e Kimberly Sellers, Carnegie Mellon University

e Craig Sutton, University of Pennsylvania.

e Rachel Vincent, Rice University.

e Donald Williams, Rice University.

The one hour talks given by Craig Sutton on isospectral manifolds and Milton Nash
on analytic number theory gave CAARMSI10 a powerful set of theoretical talks that served
as bookends for the series of lectures this year. Juan Gilbert gave an equally exciting one
hour talk on developing algorithmic software tools to address the important social issue of
affirmative action. His talk also caught the interest of the media and he was interviewed by
two local newspapers.

Other well received one hour talks ranged from topics in superstring theory, mathematical
biology, spacial statistics, optimal scheduling for package delivery services, pricing American
options, nonlinear optics and multidimensional splines. In addition, two tutorials (each an
hour and a half long and spread out over the three day conference) were given by Kimberly



Sellers on algebraic statistics and Robert Hampshire of Princeton University on technical
communication.

The graduate poster session had the participation of 20 undergraduate and graduate
students. Five awards were given to the following students for their outstanding work. The
award for best algorithm went to:

Kobi A Abayomi, a graduate student in the Environmental Engineering and
Statistics Departments at Columbia University, for his poster titled “Bagging
Bayesian Networks: Determinants of Disaster Risk”.

The award for best discussion of mathematical modeling went to:

Talithia Daniel, a graduate student in the Department of Statistics at Rice
University, for her poster titled “Simulation Studies of the Statistical Reliability
Of Space Systems”.

The award for best presentation style went to:

Shaun Gittens, a graduate student in the Department of Computer Science at
the University of Maryland, for his poster titled “Effective Production Of Varying
Length Temporal Sequences from Distal Target Trajectories”.

The award for best theory went to:

Ulrica Wilson, a graduate student in the Department of Mathematics and
Computer Science at Emory University, for her poster titled “Classifying Finite
Dimensional Division Algebras”.

In addition to a cash prize all the winners were given a copy of the book All the Mathematics
You Missed (But Need to Know for Graduate School) by author Thomas A. Garrity. An
honorable mention also went to Peter Q. Blair, an undergraduate in the Department of
Physics at Duke University, for his poster titled “Flux Ratio Anomalies Due To A Chang-
Refsdal Lens”.

We had a forum and group discussion showcasing four panelists who achieved post Ph.D.
professional milestones since the year 2000. The panelists were:

e Nathaniel Dean, who is currently the chairman of the Mathematics department at
Texas Southern University.

e James DeBardelaben, who is a manager-supervisor in the National Security Tech-
nology Department at the Johns Hopkins University Applied Physics Laboratory.

e Illya Hicks, who is an assistant professor at Texas A&M University and currently the
president-elect for the Minority Issues Forum of the Operations Research professional
organization INFORMS.

e Elaine Terry, who recently received tenure in the Mathematics department at Saint
Josephs University.



They discussed their respective career paths and gave advice on what new math Ph.D’s
should do to attain similar goals. Some of the topics discussed included the following:

When starting your career, it is important to have as much free time as possible to
write and publish your research.

Make a list of the things that you enjoy doing. Now try to find the people that will
pay you to do these things.

Read the faculty manual as soon as possible to learn what are the stated requirements
for tenure.

Some schools encourage faculty to be on their own, other schools encourage faculty to
work together.

Papers that are published in top ranked journals count more for tenure than ones
published in less well known journals. Papers published in refereed proceedings rank
third.

Try to select your first job at a place that is as high ranking as possible. It is easier to
make the transition from a top tier school to a second tier school than to go the other
way.

Industrial/government laboratories are geared for researchers who want to interact
with many groups on a wide range of projects.

It is easier to make a transition from industry to the academic world if you are able to
publish papers in industry.

Industrial research gives you an appreciation of how mathematics fits into the larger
picture of scientific and technical research. It is hard to sustain industrial research if
the company business is not stable and profitable.

The more conferences you attend and give talks, the better known your work will
be. The more people that know about your research, the easier it will be to get your
research proposals approved.

In developing your career, there are no absolutes but there are probabilities. When
faced with choices, try to carve out a career path that maximizes your chances for
success.

The typical emphasis and order of importance for tenure are
1. RESEARCH!!! 2. Teaching! 3. service.

When interviewing for a job ask for more details about job benefits after receiving an
offer.

If your inquiries about job benefits after receiving a job offer are met with evasiveness
and hostility, this is not a group of people that you want to work for.



e [f your inquiries about issues such as maternity leave result in interviewers asking if
you are planning to have children, such questions are illegal.

Finally, William A. Massey gave the keynote banquet lecture, on the occasion of this
being the tenth CAARMS event, titled “Motivational Mathematics”. He gave an overview
of the growing importance interdisciplinary mathematics. “This is a world where theoret-
ical and computational mathematics, mathematical modelling and the communication of
mathematical ideas all have major roles to play. It is through their synergistic interactions
that new mathematical ideas are created and used. Moreover, interdisciplinary mathematics
gives us a forum where we can play to our strength, which is our mathematical diversity.
Thus interdisciplinary mathematics creates a fertile arena for sustaining African-American
researchers in the mathematical sciences.”

“It is important to remember that new ideas contribute to the growth and development of
all research. Moreover, it is easier to have new ideas if you see things differently from other
researchers. Finally, coming from a different cultural background than other researchers
makes it easier to see things differently. Hence the fundamental goals of research play to our
strength as well.”

Having recently joined the academic community after 20 years of working at Bell Lab-
oratories, he made an appeal to have more people join the world of academic researchers.
“All of us would like to see more African-American Ph.D.’s in the mathematical sciences.
Well guess what? New Ph.D’s are created by academic researchers. The most efficient way
to increase our numbers is for more of us to become successful academic researchers.”

A list of abstracts for all the one hour talks, tutorials and posters presentations at
CAARMSI0 can be found at “http://www.princeton.edu/~wmassey/CAARMS10”. The
next conference, CAARMS11, was held in June 2005 at the Institute for Pure and Applied
Mathematics (IPAM) in Los Angeles, California.



CAARMS10 Program Schedule:

TENTH CONFERENCE FOR AFRICAN AMERICAN
RESEARCHERS IN THE MATHEMATICAL SCIENCES
Mathematical Sciences Research Institute and
Lawrence Berkeley National Laboratory
Berkeley, California
June 22-25, 2004
Time Speaker Title/Topic
*** TUESDAY at MSRI, June 22 ***
5:30 - Welcoming Reception at the
8:30PM Mathematical Sciences Research Institute (MSRI)
*** WEDNESDAY at LBL, June 23 ***
8:00 - Breakfast and Registration at the
8:30AM Lawrence Berkeley National Laboratory (LBL)
8:30 - 9:00 Welcome and Introduction
9:00 - Craig Sutton Constructing Simply-Connected Isospectral Manifolds via
10:00 University of Pennsylvania Sunada's Method
10:00 -
10:30 Coffee Break
10:30 - Rachel Vincent A Reduced Basis Method for Molecular Dynamics
11:30 Rice University Simulations
11:30 - Lunch
12:30
12:30 - Tutorial on Algebraic Statistics (Part 1)
1:05 Kimberly Sellers, Carnegie Mellon University
1:05-1:15 Short Break
115 - 1:50 Tutorial on Technical Communication (Part I)
) ’ Robert Hampshire, Princeton University
1:50 - 2:00 Short Break
) ) Sean Brooks Mathematical Methods for Modeling Optical Solitons
2:00 - 3:00 : :
Howard University
3:00 - 3:30 Group Photo
. . Juan Gilbert Using Clustering Algorithms to Address Affirmative
3:30-4:30 ————— . .
Auburn University Action




4:30 - 5:00

Break

5:00 - 7:00 Graduate Student Poster Session and Reception
*** THURSDAY at LBL, June 24 ***
8:30 -
9:00AM Breakfast at LBL
9:00 - g:ep?ondAI\_I'exandg\r lerat The Origin of Matter in the Universe: Gravity Waves,
10:00 anford Linear Accelerator Quantum Squeezing and Bessel Functions
Center
10:00 -
10:30 Coffee Break
10:30 - Ger?‘rd Awanou . Trivariate Spline Approximations of 3D Navier-Stokes
1130 Institute for Mathematics and Equations
' its Applications Squations
11:30 - Lunch
12:30
12:30 - Tutorial on Technical Communication (Part I1)
1:05 Robert Hampshire, Princeton University
1:05-1:15 Short Break
115 - 1-50 Tutorial on Algebraic Statistics (Part 11)
) ’ Kimberly Sellers, Carnegie Mellon University
1:50 - 2:00 Short Break
Douglas McWilliams
. . North Carolina A&T A Mathematical Model to Optimize the Operations of a
2:00 - 3:00 . : —— :
University/ Parcel Consolidation Terminal
Purdue University
3:00 - 3:30 Coffee Break
3:30-4:30 MonicaJackson Detecting Disease Clusters and Disease Surveillance
Emory University
5:30 - 6:30 Reception
6:30 - 8:30 Banquet and Keynote Speech
*** FERIDAY at MSRI, June 25 ***
8:30 -
9:00AM Breakfast at MSRI
9:00 - Donald Williams On the Formulation of a Constrained Optimization
10:00 Rice University Framework for Pricing American-style Options
10:00 -

10:30

Coffee Break




10:30 - Milton Nash . . .
11-30 University of Georgia Special Values of Dirichlet L-functions
11:30 -
12-30 Lunch
12:30 - Tutorial on Algebraic Statistics (Part 111)
1:05 Kimberly Sellers, Carnegie Mellon University
1:05-1:15 Short Break
115 - 1-50 Tutorial on Technical Communication (Part 1)

' ' Robert Hampshire, Princeton University
1:50 - 2:00 Short Break
2:00 - 3:00 Developing a Mathematical Panel Discussion

Career

3:00 - 3:30 Coffee Break
3:30 - 4:30 Closing Discussion Topic

5:30 - 8:00

End of Conference and Picnic




Report on the workshop
COMBINATORIAL ASPECTS OF HYPERPLANE ARRANGEMENTS

MSRI, November 01-05, 2004

The realm of hyperplane arrangements has, over several decades, provided the scene
for manifold interplay between combinatorics, on the one hand, and algebra, topol-
ogy and geometry, on the other hand.

The combinatorial data associated with an arrangement of hyperplanes, i.e., the lat-
tice of intersections among the hyperplanes ordered by reverse inclusion, has proven
to be the core data for many algebraic and topological issues in arrangement theory.
A prominent and pathbreaking result in this direction is the combinatorial presenta-
tion of cohomology algebras of the complement of complex hyperplane arrangements
by Orlik and Solomon from 1980.

Conversely, the occurrence of combinatorial structure in arrangement theory has
inspired research on generalizations in purely combinatorial settings. Matroid and
oriented matroid theory owe a number of natural, geometrically inspired concepts to
arrangement theory. Also, a significant part of topological combinatorics and com-
binatorial representation theory has its prototype examples in arrangement theory
and in the study of intersection lattices.

Given this longstanding and fruitful interplay, it is only natural that the third work-
shop within the half-year program “Hyperplane Arrangements and Applications”
was devoted to the combinatorial aspects of arrangement theory. Our goal was
to lay out the interplay between combinatorial structures and the geometry and
topology of arrangements in today’s research, to emphasize the structural power of
combinatorial core data, and to expose the breadth which combinatorial investiga-
tions in the area have gained.

Our efforts to bring together mathematicians whose work in one or another way
builds or uses the bridges between combinatorics and geometry within the arrange-
ment setting were rewarded: The workshop comprised a large number of one hour
lectures representing the various aspects outlined above. The program included a
group of talks on the combinatorics occurring in arrangement theory, mostly on
Monday, Wednesday and Friday, and talks on Tuesday and Thursday focused on
instances of combinatorial concepts that, well-rooted in the arrangement context,
gained their own and independent life. Due to the diverse audience, many of the
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talks had a survey flavor to them. We added a number of half-hour talks by recent
PhDs which made for a lively input.

There were particularly visible ties to events at UC Berkeley during this workshop
week: Apart from the MSRI/Evans lecture by Richard Stanley (MIT) on Monday,
participants of the workshop attended the Combinatorics Seminar at UC Berkeley
with a talk by workshop speaker Alexander Postnikov (MIT), and students from
UC Berkeley attended the class by Bernd Sturmfels (Combinatorial Commutative
Algebra) that moved to MSRI in the early Tuesday morning and provided an intro-
duction to central concepts appearing in workshop talks later during the day.

As organizers we are aware of various projects that got started at the workshop. A
number of conferences and workshops are coming up this summer where combina-
torics of arrangements again will be a main or partial emphasis:

o Arrangements of Hyperplanes, May 15-20, 2005, Ascona, Switzerland.
http://www.math.ethz.ch/ feichtne/ascona/
o Algebraic and Geometric Combinatorics, Aug 20-26, 2005, Anogia, Greece.
http://www.math.uoc.gr/~caa/anogia05/Intro.htm
o Hyperplane arrangements workshop, Aug 21-24, 2005, PIMS-UBC, Canada.
http://www.pims.math.ca/science/2005/05hyper/
A considerable number of results that will be presented at these meetings will have
their roots at the MSRI program of fall 2004 and at the workshop on combinatorial
aspects, in particular.

There were 52 registered participants, of whom 13 were women, 6 graduate students
and 7 from outside the United States. This does not include the MSRI members
already in residence and researchers from the UC Berkeley Math department.



Women in Mathematics: The Analysis of Images
January 21-22, 2005
Organizers: Ruzena Bajcsy (UC Berkeley), Jana Kosecka (George Mason U),
Kathryn Leonard (Caltech).

This workshop had two primary purposes. The first was to give an introduction and
overview to the current state of the disciplines of Image Analysis and Computer Vision,
as a prelude to the semester at MSRI dedicated to those subjects. The second was to bring
together women at various career stages with an interest in imaging science in an effort to
strengthen connections between women by providing opportunities for mentorship and
collaboration.

We divided each day to morning and afternoon sessions. For most of the day, we heard a
wonderful sampling of research done by women working in image analysis,
supplemented by more introductory talks given by the organizers. All told, we had seven
45-minute lectures given by the organizers and four lectures given by volunteer
participants. The topics of these lectures are included in the schedule below. The levels
varied from descriptive, with a lecture about the history of image analysis, through
moderately sophisticated, describing feature detection and descriptors, up to quite
mathematically involved, including shape representation, texture segmentation, PDEs and
anisotropic diffusion, and so on. After every talk, there was lively discussion which the
organizers highly encouraged. This was very desirable since the level of knowledge of
image analysis and mathematical sophistication varied greatly. The lectures were well
attended by both men and women.

The afternoon sessions each ended with a panel discussing specific problems related to
women. These discussions were attended by very few men. The first day, we discussed
career advancement. Several of the more advanced participants shared wonderful advice
about how to avoid certain pitfalls and how to persevere even when things look bleak.
The second day, we discussed balancing professional and family life. Interestingly, the
majority of the advanced participants found themselves living apart from their husbands
even after very successful careers. All participants with children were the primary care-
givers for those children, even as they maintained active research lives. While no real
solutions to the family/career balance were offered, many of the younger participants
mentioned that they were nonetheless heartened to hear that it is possible for women to
have careers and families.

Conversations about research and the panel discussions continued during the lunches on
both days and dinner on the first day, which were provided for the group. One of the
wonderful aspects of the field of computer vision is that it draws on many disparate areas.
Participants came from many backgrounds: academia and industry, cognitive science,
computer science, applied mathematics, geology and physics. Discussions therefore
covered a wide range of perspectives and experiences. We even had a patent agent
describe for us the serious nature of intellectual property fraud!



The reponses on the post-workshop survey were uniformly positive. We include some of
the comments:

“All T can say is please have more of these types of workshops. It is good for me to hear
what others are working on. Great job!”

“The scientific program had rich content and diversity.”

“I am so glad there were panel discussions on career advancement and balancing family
& professional life. Many helpful issues and points were discussed.”

“Very encouraging to see this work and interact with this group. Many valuable contacts
and references to later work which I will follow up.”

Here is the schedule:
Friday, January 21st

Morning Session

9:30 - 9:45 Workshop Opening and Introduction (J. Kosecka)

9:45 - 10:30 Image Analysis: History and Relation to other disciplines (R. Bajcsy)

10:30 - 10:45 Examples, motivation (K. Leonard)

10:45 - 11:00 Coffee break

11:00 - 11:45 Image transforms (Fourier, DCT), Multiscale and Harmonic Analysis, Wavelet Transform
(K. Leonard, J. Kosecka)

11:45 - 12:30 Image Contours, PDE's and Anisotropic Diffusion (K. Leonard, J. Kosecka)

12:30 - 2:00 pm Lunch and informal introductions

Afternoon Session

2:15 - 3:00 Ill-posed problems in image analysis: Statistical and numerical techniques (D. Calvetti)
3:00 - 3:45 Integrated Active Contours for Texture Segmentation (C. Sagiv)

3:45 - 4:00 Coffee break

4:00 - 5:00 Career advancement panel/discussion (R. Bajcsy, J. Gille, D. Calvetti)

Dinner in French restaurant

Saturday, January 22nd

Morning Session

9:30 - 10:15 Feature detection, feature descriptors, matching, warping (J. Kosecka)
10:15 - 11:00 Variatonal Methods for Image Denoising (J. Carter)

11:00 - 11:15 Coffee break

11:15 - 12:00 Shape representations, metrics and matching (K. Leonard)

12:00 - 12:30 Motivating problems and applications (J. Kosecka)

12:30 - 2pm Lunch

Afternoon Session

2:00 - 2:45 Image segmentation in medical imaging (R. Bajcsy)

2:45 - 3:30 Segmentation of Natural Scenes - Graph-Cut Approaches (S. Yu).
3:30 - 3:45 Coffee break

4:00 - 5:00pm Balancing Professional and Family Life



Final Report Introductory Vision Workshop 1

MSRI Introductory Workshop: Computational, Statistical, and
Mathematical Aspects of Vision

January 24-28 2005
Organizers: David Donoho, David Mumford, and Olivier Faugeras

This introductory workshop was the formal starting-up activity for our long program on
Computational, Statistical, and Mathematical Aspects of Vision. It was designed to
provide new entrants into this interdisciplinary field with an orientation to the different
subdisciplines and viewpoints, and to provide researchers in one subdiscipline a chance
to learn about developments in other subdisciplines.

There were 8 hours of Tutorial/Survey talks and 10 hours of Research/Advanced Talks
which were specifically chosen in order to touch on all major themes in vision research.
The Tutorial/Introductory talks were given by the Workshop organizers; advanced talks
were given by experts from computer science, neurobiology, statistics, and mathematical
analysis. In the end, a nice mixture of survey and new research were presented.

Tutorial/Survey talks were organized to take the bulk of MWF mornings

as well as one hour in the MWF afternoons, while the research talks were slated for
Tuesday/Thursday and part of the MWF afternoons. Most talks had an additional 10-15
minutes of questions; in a few cases discussion continued for up to a half an hour!

The Tutorial/Survey Talks were as follows

David Mumford (Brown Univ)

1. Pattern theory: Grenander's ideas and examples.

2. Modeling shape: comparing metrics, L', L* and sup-norm techniques, the solid, liquid
and conformal approaches.

Olivier Faugeras (INRIA, Sophia Antipolis)

1. Fundamental PDE's of Computer Vision

2. Approaches to Image Warping and Matching

3. Shape Topologies and Applications to Segmentation

David Donoho (Stanford)
1. Appearance Manifolds
2. Image Representations
3. Connect the Dots Problems

David Mumford gave overviews of a very wide-ranging nature covering some of the key
intellectual issues in computer vision: first, the idea that vision is a form of inference
requiring some non-classical types of stochastic models, and that Bayesian inference is
the formal tool best suited to describe the intrinsic issues involved in object recognition
and classification; and second, the idea that recognizing shape is an essential vision task,
and that spaces of shapes can be built based on mathematical notions of shape
equivalence. Olivier Faugeras gave a nice series of survey lectures covering the use of
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partial differential equations models for problems of computer vision, for representing
and comparing shapes, and for matching and segmenting images. David Donoho spoke
about the notion that collections of images create image manifolds, and that the structure
of such manifolds provides information that can speed up the solution of fundamental
processes like image registration and warping. He also reviewed the decision-theory
analysis of the problem of detecting curves in very noisy image data.

Research/Advanced talks had an impressive selection of expert speakers representing
different fields:

Neurobiology: Olshausen, Simoncelli

Statistics: Song-Chun Zhu, Trevor Hastie

Harmonic Analysis: LuminitaVese, Richard Baraniuk

Vision: Jan Koenderink, Pietro Perona, Don Geman, Jitendra Malik
Particularly nice was the way the different talks interacted, so that, for example, in a
given topic (say, statistical pattern recognition) we would have several related talks, by
speakers from different fields (for example Don Geman, Trevor Hastie, Pietro Perona,
and Jitendra Malik). We were fortunate to have speakers from a range of ages, from
Luminita Vese, a junior faculty member at UCLA, to more senior figures such as Jan
Koenderink. We also were able to feature speakers from outside the vision community,
such as Richard Baraniuk (EE, Rice) and Trevor Hastie (Stanford, Statistics).

A few highlights of these talks may help the reader appreciate the flavor of what took
place during the workshop.

Pietro Perona described a computer vision system built at CalTech, in which a
car, driven around the streets of Pasadena, collected imagery of city streets as seen from a
camera mounted in the car near the driver’s line of sight. The data collected in this way
were supplemented by scene labels, giving information about whether pedestrians were
present or absent, and whether other cars were present or absent, frame-by-frame. Perona
spoke about the successes that had been achieved in this task, which to the audience at
least seemed very impressive. He also spoke about the difficulties in this machine
learning task; for example, in one training task, unfortunately some bird droppings
happened to be on the hood of the car in those scenes where there was no other traffic,
and so the system ‘learned’ that bird droppings were a good indicator of traffic absence!
(Of course, there are remedies for such false training). Overall Perona’s vivid
presentation and insightful examples were inspiring for newcomers and experts alike.

Jan Koenderink spoke about the many important details about the imaging
process and how those affect perception. He was particularly animated in discussing the
appearance of skin, how the appearance of skin changes as skin ages, how makeup and
skin creams affect appearance, and what physically is going on in the imaging process.
His presentation focused on the physical processes and the mathematics behind these
images which showed, shall we say, a lot of skin. The talk was memorable to all in the
audience, many of whom had never before been so interested in the topic of asperity
modeling!
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The topics and speakers for the Research/Advanced talks were as follows:

1. Image representation: Eero Simoncelli (NYU)

2. Biological vision: Bruno Olshausen (Davis/RNI)

3. Seeing as Statistical Inference: Song Chun Zhu (UCLA)

4. Statistics of Grouping and Figure/Ground in Natural images: J.Malik

5. Modern Classifier design: Trevor Hastie (Stanford)

6. Towards Unsupervised Learning of Categories: Pietro Perona (Caltech)
7. Strategies for visual recognition: Donald Geman (JHU/ENS Cachan)

8. Ecological optics: Jan Koenderink

9. Energy minimization and "u+v" models: Luminita Vese (UCLA)

10. Complex Wavelets: Richard Baraniuk (Rice)

Relation to the Long Program. The themes introduced in this workshop were picked up
throughout the long program, both in the several specific workshops that we held, and in
the weekly Postdoc and Journal Seminars.

Thus, for example, the talks of Olshausen and Simoncelli made excellent preparations for
our Emphasis week on Neurobiological Vision, February 7-11; while Malik’s talk on the
Statistics of Grouping and Perona’s talk on Unsupervised Learning of Categories was a
nice lead-in to the Workshop on Visual Recognition, March 21-25.

Participants in the Workshop. The workshop was highly interdisciplinary. It had 102
registered participants, 16 from Mathematics departments, 6 from Applied Mathematics
Departments, 10 from Statistics Departments, 24 from Computer Science Departments, 8
from Engineering, 2 from Physics, 3 from Psychology and Biology.

There was also good representation from outside of traditional academic settings. Twelve
participants came from Government/nonprofit labs, while 8 came from Industrial labs.

Other events. There were a few special events during the workshop.

First, David Donoho gave an MSRI/Evans Hall Lecture in Evans Hall on the first day of
the workshop; this helped to publicize the fact of the workshop to mathematicians and
others on the Berkeley campus.

Secondly, there was a wine and cheese reception in the MSRI lounge on Tuesday
afternoon to get speakers together, and the workshop speakers all went out to dinner
nearby afterwards.

Finally, two groups of out-of-town speakers were hosted by the organizers to lunch at
Chez Panisse to say thank you to them for attending the workshop. We felt this was
particularly important because some of the speakers were committing to travel back again
a few weeks later to participate in one of the workshops, and so they were really taking
on a lot of travel on our behalf. (Expenses for these thank-you lunches were paid by the
organizers from personal, not NSF, funds).
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Workshop Talks by Day
Monday Tuesday Wednesday Thursday Friday
1/24 1/25 1/26 1/27 1/28
9-10 Mumford I | Malik Mumford II Simoncelli Perona
Pattern Theory | Statistics of Modeling Image Towards
Grouping Shape Representation unsupervised
learning of
categories
10:30- Faugeras [ Olshausen | Faugeras II Koenderink Faugeras 111
11:30 PDEs of Biological Image Warping | Ecological Optics | Shape
Vision Vision Topologies
1:00-2:00 Hastie Geman Donoho IT Song-Chun Donoho III
Modern Strategies for | Image Zhu: Seeing as Connect the
Classifier recognition Representations | Statistical dots and visual
Design Inference detection
3:00-4:00 Baraniuk | Vese
Complex U+V and PDE
Wavelets Models
4-5 MSRI Reception
/Evans
Donoho I
Appearance

Manifolds




Emphasis Week on Neurobiological Vision
February 7-11, 2005

Organizers: Bruno Olshausen and David Donoho

This special emphasis week was held as part of an ongoing MSRI program on Mathematical,
Computational and Statistical Aspects of Image Analysis, and was jointly sponsored by the
Redwood Neuroscience Institute (RNI). It ran for five days, with Tuesday's session being held at
RNI in Menlo Park, followed by a reception at the Computer History Museum in Mountain
View. Friday's session was unscheduled and featured informal discussions among meeting
participants. Biological vison systems have evolved impressive abilities to extract useful
information about the environment from images. In most cases these abilities far exceed what is
possible in modern computer vision systems. Presumably, biology has much to teach us about
how vision works, but extracting the rules from biology has been difficult. Neuroscience and
psychology have accumulated a wide body of knowledge about various aspects of visual system
function, but there have been few successful attempts to bridge the realms of neurons, behavior,
and computational theory. The purpose of this meeting was to bring together experimentalists
and theorists who are attempting to understand the neural mechanisms of visua perception in
terms of mathematical principles, in the hopes of fostering efforts to bridge across these
(traditionally disparate) disciplines.

The first day and a half of the meeting was devoted to neurophysiology. These talks presented
data (neural recordings) from various levels of the visua system - thalamus (LGN), primary
visua cortex (V1), and cortical areas beyond V1 - focussing especially on the response
properties of neurons using natural(istic) images as stimuli. Many neurons at early stages of
processing exhibit precise and sparse activity patterns in response to time-varying images, and
there is progress being made in being able to account for what aspects of image structure these
neurons are responding to. For example, Pam Reinagel showed that bursts in the LGN tend to
arise after periods of inhibition, and Matteo Carandini showed that LGN neurons appear to
normalize their responses with respect to both mean luminance and contrast (variance) in natural
images. Jon Touryan showed that complex cells in V1 - which were previously thought to be
phase invariant - are highly sensitive to the phase structure occuring in natural images.

The second day and a half was devoted to theory. These talks focussed on attempts to account for
aspects of visual system function - for example, the ability to discriminate texture - in terms of
computational principles that could be implemented at the neural level. In particular, Mike
Lewicki and Terry Sginowski showed progress in modeling the higher-order statistical structure
in natural images (joint dependencies among Gabor wavelet coefficients) that could be used to
segregate different regions of an image. The fourth day presented a combination of experimental
and modeling studies aimed mostly at understanding inferential computations in the visual
system. For example, Tai-Sing Lee presented evidence that neurons in V1 are filling-in missing
structure in images, presumably via feedback connections from higher cortical areas. Antonio
Torralba showed that there are a variety of contextual cues in natural images that provide
information about the presence and location of objects in an image, and he showed how these
relationships may be modeled probabilistically.



The workshop as a whole facilitated interactions among theorists and experimenalists,
and it provided mathematicians with a glimpse of the problems and approaches in
studying biological vision. From this point of view the day at RNI was especially
valuable, as it gave the theorists an opportunity to come in direct contact with the
laboratories and their techniques. The hope of the organizers is that this emphasis week
encourages more people with mathematical backgrounds to get involved in visual
neuroscience, as the problems of vision demand an interdisciplinary approach. The
Friday morning open discussions were well attended, giving sustenance to this hope.

There were 65 registered participants, of whom 7 were women. About 25 nonregistered
people from various UC Berkeley and Stanford departments also attended the lectures.

Workshop Schedule

Monday, February 7

9:00-10:00 Pam Reinagel (UC San Diego) “Coding in LGN and implications for VV1”
10:00-10:15 Discussion

10:45-11:45 Jon Touryan (UC Berkeley) “Analysis of V1 complex cell receptive fields
with complex stimuli”

11:45-12:00 Discussion

2:00- 3:00 Matteo Carandini (Smith-Kettlewell Eye Research Institute) “Receptive fields
and suppressive fields in the early visual system”

3:00- 3:15 Discussion

3:45- 4:45 Charles Gray (MSU Bozeman) “Multi-neuron response dynamics in cat V1 to
the presentation of time-varying natural scenes”

4:45- 5:00 Discussion

Tuesday, February 8 (RNI)

8:30- 9:30 Bus to RNI

9:45-10:45 Jack Gallant (UC Berkeley) “Neural Coding Beyond V1”

10:45-11:00 Discussion

11:15-12:15 Greg DeAngelis (Washington University) “Roles of Area MT in Stereo
Vision”

12:15-12:30 Discussion

1:30- 2:15 Don Glaser (UC Berkeley) “The role of Cortical Noise and Stochastic
Resonance in Some Illusory Motion Percepts”

2:15- 2:30 Discussion

2:30- 3:30 David Mumford (Brown University) -- Open discussion on the role of
inhibitory neurons and methods for recording from large numbers of neurons.

4:00- 5:00 Jeff Hawkins (RNI) “How the Cortex Works”

5:00- 5:15 Discussion

6:00- 9:00 Reception/Dinner at the Computer History Museum, Mountain View
9:00- 10:00 Bus to Berkeley



Wednesday, February 9

9:00-10:00 Mike Lewicki (Carnegie-Mellon University) “Density Component Models for
Learning Hierarchical Structure in Natural Images”

10:00-10:15 Discussion

10:45-11:45 Terry Sejnowski (Salk Institute) "Multiplicative Mixers in Natural Images”
11:45-12:00 Discussion

2:00- 3:00 Steven Zucker (Yale) “Frenet Geometry, Horizontal Connections, and Early
Vision”

3:00- 3:15 Discussion

3:45- 4:45 Stu Geman (Brown University) “Invariance and Selectivity in the Ventral
Visual Pathway”

4:45- 5:00 Discussion

Thursday, February 10

9:00-10:00 Tai-Sing Lee (Carnegie-Mellon University) “Cortical mechanisms for visual
inference”

10:45-11:45 Antonio Torralba (MIT) “How scene context guides attention”

11:45-12:00 Discussion

2:00- 2:45 Bin Yu (UC Berkeley) “A better statistical model for spike trains”

2:45- 3:00 Discussion

3:00- 3:45 Charles Anderson (Washington University) “Spatial-frequency tiling of V1
simple cells is predicted by signal-to-noise considerations.”

3:45- 4:00 Discussion

4:30- 5:15 Bruno Olshausen (UC Davis/RNI) “Sparse coding and inference in visual
cortex”

5:15- 5:30 Discussion

Friday, February 11: Working groups and discussion



Report for the Emphasis Week on Perceptual Organization.
April 18-22, 2005

Organized by Jitendra Malik (UC Berkeley), Jean-Michel Morel (Cachan, France) and
Song-Chun Zhu (UCLA).

Perceptual organization is often referred to the middle-level vision problems, such as
segmentation, grouping etc, and it stands between the low level image processing tasks
(e.g. Markov random fields and wavelets etc) and the high level object recognition tasks
(e.g. stochastic grammars etc).

Perceptual organization is considered one of a few core problems in computer vision and
image analysis. Some may not hesitate to call it the hardest problem in vision.
Understanding this problem is crucial for two reasons.

(1) It will leads to a better understanding and unification of various mathematical models,
theories and tools used for image analysis.

(2) It will be important for building robust general purpose vision systems.

The emphasis week featured a number of talks and intensive panel discussions from a
rather wide range of perspectives on the principles, models, theories, algorithms, and
evaluations. The following topics were covered.

Psychophysics and cognitive science (Jitendra Malik)

Information scaling and model regime transitions (Yingnian Wu, UCLA)

Image dataset, benchmarks, and evaluations (Xiaofeng Ren, David Martin)

Stochastic context sensitive grammar and Markov fields (Song-Chun Zhu, David
Mumford)

Hierarchic grouping and composition (Eiton Sharon and Matthew Harrison)

Harmonic analysis and coding(lddo Drori, David Donoho)

Meaningful alignment and matching (Yann Gousseau, Jean-Michel Morel)

Spectral analysis for integrating segmentation and recognition (Jianbo Shi)

There were 26 registered participants, of whom 3 were women. Most of the members of
the Image Analysis program also attended, as did many students and faculty from UCB
departments.



Workshop on Models of Real-World Random Networks
April 18-22, 2005

Organizers: David Aldous, David Aldous, Claire Kenyon, Jon Kleinberg, Michael
Mitzenmacher, Christos Papadimitriou, Prabhakar Raghavan

Since the late 1990s there has been a surge of interest in stochastic models for real-world
networks: the Internet (physical links and WWW links), social networks (co-authors, friends),
biological (gene regulatory networks, ecology, protein folding) and many more. This workshop
sought to bring together (a) mathematicians studying the math properties of particular models,
and (b) experts in various network fields who could survey the successes and challenges of
modeling within their field. We feel it was very successful in achieving this, as illustrated by the
highlights below from some of the 28 talks. We also had positive feedback from participants, for
instance

I made lots of useful contacts and may seek a summer internship at IBM Almaden
to work in this area [David Purdy, graduate student]

Just a quick note to say how much | enjoyed visiting the MSRI and the workshop
you guys organized (Models of real world random networks) last month. Was great
to hear about the state of play in this area, and make some new contacts - also it
seems that as a result of this visit | have started another manuscript (or two) with
Elchanan Mossel and his student. [Mike Steel, speaker]

The area itself remains of wide interest; in addition to specialized meetings on e.g. WWW
models, a more mathematically-oriented program "Random Graphs and Models of Large Scale
Real World Networks" similar to our workshop is planned for May 2006 in Singapore.

The workshop was extremely well attended: there were 83 registered participants; while many
from a variety of departments at UC Berkeley came by for the lectures. On average there were 90
or so people in the audience. Of the 83 registered, 14 were women and 5 were from institutions
other than U.S.

In a plenary introductory lecture Walter Willinger explained that there are a least four different
notions of "network™ in the real Internet -- the web or peer-to-peer level; the AS level; the IP
level; and the router level -- and much confusion has resulted from not distinguishing them
carefully. For instance the idea (popularized as] "the Achilles heel of the Internet” on the cover
of Science™) that a large proportion of traffic goes through a few large high-degree hubs is just
wrong; the backbone routers cannot have high degree because of technology constraints. Instead
there is a mesh-like core of fast, low-degree routers.



George Varghese spoke on algorithms for core routers to detect "denial of service attacks"
(multiple messages from one sender), emphasizing the need to do this in real time, i.e. very
quickly.

Balaji Prabhakar's talk included the observation that the TCP protocol presumed cooperative
users in seeking to assign bandwidth fairly, so what if users try to cheat? He emphasized
simple-to-implement algorithms, whose mathematical analysis leads to variations of classical
queueing models induced by dependence between input buffers.

Mark Newman spoke on spatial networks. A road network might be designed to minimize
average road distances between cities subject to a given total length of roads, whereas an airline
route network might be designed to minimize average number of flight segments between cities
subject to a given total number of segments. He showed data indicating that real networks are
surprisingly close to optimal in these senses.

As an instance of social networks, Mason Porter showed fascinating data on the network
consisting of committee membership in the House of Representatives.

Shweta Bansal spoke on fine-grain modeling of influenza epidemics in a modern city. The
groups most at risk of dying -- babies and the elderly -- are different from the groups most likely
to spread the infection -- school children, medical workers - so given a limited quantity of
vaccine, which groups should one vaccinate?

Turning to more mathematical talks, Rick Durrett gave a useful survey of how various basic
spatial stochastic processes which have classically been studied on lattices -- percolation, Ising
model, Potts model, contact process, random walk mixing times, voter model-- behave on small
world graphs

Milena Mihail spoke on choosing summary statistics for networks which are actually related to
network function, and how one might maintain such information as a network changes. She
illustrated with a nice Markov chain/large deviation analysis of certain routing and searching
problems.

P. R. Kumar spoke on the theory of rate of information flow through ad hoc wireless networks.
Here the issue is "interference™ between transmitters, so that a locally highly connected network
is not desirable. This was a fascinating talk, including description of successes and failures of
mathematical modeling.

Ashish Goel spoke on sharp thresholds for emergence of structures in random geometric graphs;
because of the availability of spatial scaling the theory is easier than for classical random graphs.

Workshop Schedule

Monday April 18



9:20 — 9:30 David Eisenbud and MSRI staff: Welcome

9:30 — 10:30 Walter Willinger: The many facets of Internet topology

10:55 — 11:55 George Varghese: Streaming Algorithms for Traffic Analysis at High Speeds
12:05 — 12:35 Aaron Clauset: On the Bias of Traceroute Sampling

2:10 — 2:40 Volker Schmidt: Fitting and Simulation of Models for Telecommunication Access
Networks

2:50 — 3:20 Susan Holmes: Multivariate Techniques for using Graph Structure and Covariates
3:45 — 4:45 John Byers: Unveiling Hidden Topologies: Applications, Algorithms and
Measurements

Tuesday April 19

9:30 — 10:30 Fan Chung: A duplication-deletion model for random power law graphs
10:55 - 11:55 TBA

12:05 - 12:35 Anthony Bonato: Infinite limits and models of the web graph

2:10 — 2:40 Michael Mitzenmacher: New Directions for Power Law Research

2:50 — 3:20 Kevin Lang: Cuts and Balance in Power Law Graphs

3:45 — 4:45 Milena Mihail: Algorithmic performance in complex networks

4:55 — 5:25 Balaji Prabhakar: Some engineering uses of randomization and power laws

Wednesday April 20

9:30 — 10:30 P.R. Kumar: Scaling laws in information theory for wireless networks

10:55 — 11:25 Dmitri Znamenskiy: Connectivity, component sizes and distances in the power
law random graphs

11:35 - 12:05 Marko Puljic: Synchrony in the Probabilistic Cellular Networks

12:15 — 12:45 Mason Porter: A network analysis of committees in the United States House of
Representatives

Thursday April 21

9:30 — 10:30 TBA: Spread of viruses in networks

10:55 - 11:55 Don Towsley: Modeling Internet Worms and Viruses

12:05 — 12:35 Ashish Goel: Sharp thresholds in geometric random graphs, with algorithmic
implications

2:10 — 2:40 Kevin McCurley: Hierarchical structure in real world networks
2:50 — 3:20 Raissa d'Souza: Competition-Induced Preferential Attachment
3:45 — 4:45 Mark Newman: Spatial Networks

Friday April 22

9:30 — 10:30 Rick Durrett: Life in a small world

10:55 — 11:55 Mike Steel: Random autocatalytic networks

12:05 — 12:35 Shweta Bansal: The Spread of Infectious Disease through Contact Networks

2:00 — 2:30 Chris Wiggins: Predicting Evolution from Topology: A Machine Learning Approach
2:40 — 3:10 Lea Popovic: Stochastic Models for Intra-cellular Networks



Mathematical Knowledge for Teachers
May 25, 2005 to May 28, 2005
Organized by: Deborah Loewenberg Ball, C. Herbert Clemens, Jim Lewis

This conference, held in Asilomar, California, focussed on the mathematical knowledge
needed for teaching, or, to put it another way: how teachers have to know and wield
mathematics in order to do the work of teaching.

The first day began with recent progress in identifying significant relationships between
teacher knowledge and student achievement. The talks centered around:

1) development of better theory about the nature of the mathematical knowledge needed
for teaching

2) development of better measures of such knowledge

3) the availability of larger data sets including measures of teachers' knowledge and
student achievement and the capacity to build advanced models to test the relationships
between the first two.

The remainder of the conference dealt with the following three issues in depth:

1. What evidence exists about the relationship between teachers' mathematical knowledge
and students' learning? What is the nature of that evidence and what questions does it
raise?

This strand or section of the meeting gave space to learning about the research that has
begun to establish this relationship. It also traced the history of work in this area, and how
it has been developed, with what sorts of results (e.g the production function literature in
economics that links teachers' academic attainment to student achievement). Past work
would be compared to current work to help clarify progress in the field.

2. What is the the nature of the knowledge of mathematics needed for effective teaching,
and how are is this warranted?

This strand of the meeting offered participants a chance to examine more closely the
mathematical issues with which teachers contend, and to appreciate in closer detail the
mathematical knowledge needed to teach well.

3. How can teachers develop such knowledge?

This strand of the conference provided a way to highlight some excellent work within the
mathematics community (sometimes in collaboration with mathematics educators) to
build solid approaches to educating teachers in mathematics for teaching. This helps to
build networks among departments who are trying to improve their work with teachers,
and also to highlight productive models of work across schools of ed and math
departments where these exist. This strand showcased particular mathematics courses,
approaches, or materials developed for teaching teachers mathematics.

As this last strand contains material of specific value to mathematics departments, chairs
were invited to send representatives to participate in the discussions. Over three dozen
departments responded positively. In all there were 123 participants, of whom 97 came
from academic departments and 73 from schools or school district offices.



Report on the PREP workshop: The Mathematics of | mages
Organizers. Kathryn Leonard (Caltech), David Mumford (Brown University)

There were two principal goals in this workshop: showing that research ideas
from the study of images can be usefully integrated, as examples, projects and topics, into
an undergraduate curriculum; and showing that computers in general and MatLab
specifically can be used as a tool to understand the mathematical ideas visually and
numerically. To accomplish this, we gave or recruited speakers to give talks which
pinpointed some half a dozen topics where an exciting mathematical tool has been
devised for analyzing images. We had these speakers present the mathematical ideas,
illustrate them with computer experiments and leave MatLab code for the students to
study and to use to solve problems. Thus we were simultaneously explaining what the
field of computer vision is about, how mathematics is used, how to use MatLab and how
to do hands-on work on images. The hands-on work culminated in the students working
competitively on one of two challenge problems (the winners being awarded delectable
chocolate prizes).

There was very little time between the announcement and the actual course, so the
number of applicants was smaller than expected and, in the end, we had 16 participants.
The group was extremely diverse, 8 men and 8 women; 6 came from Mathematics
Departments, 3 from Computer Science, 1 from Statistics, 1 from Physics and 2 from
Industry; the number of years they had taught ranged from 2 to 32; most were from
smaller colleges, some from larger universities; most but not all had some computer
experience. To bring all participants up to a basic level of MatLab proficiency, we
emailed references and a few numerical problems to solve, as well as some images —
presented as graphs of the function giving their brightness at each point. In this form,
they are not easily recognizable: this is meant as an introduction to looking at an image
not merely as a picture but as a mathematical object to study.

The outline of the actual week is below. All lectures were very interactive, with
continuous discussion. Some participants, of course, were more vocal than others. But
everyone contributed. We were redly excited at the quality of the talks given by our
invitees. they al made the subject very tangible and accessible, they al included some
exciting mathematics and some excellent demonstrations.

The specific mathematics involved in these talks included

convolution (called ‘filtering’) applied to images,

elementary Euclidean geometry in the analysis of multiple images of the same

scene;

linear algebra and eigenfunctions, metrics defining ‘ distances between shapes,

parabolic differential equations for ‘melting’ images and shapes (implemented in

finite terms);

graph theory and the Laplacian operator of a graph;

statistical tools for discrimination;

Bayes srule for statistical inference.

One of the comments we heard at the final discussion was surprise at how so many
different types of mathematics were used in studying images. Below is the program as it



actually unrolled. We had some glitches the first day, working out the procedures for
posting and sharing files and explaining all the minor points in working with images in
MatL ab and, as a result, the program was shifted somewhat from the original plan.

QOutline of PREP wor kshop

Monday

9:30-11:30 am What is the field of vision and what is its mathematical D.Mumford
side? Ouitline of topics to be presented. Round table
introductions and forming working groups

1:30-3:00 pm Images as functions |: Edges and segmentation, filters, K.Leonard
Fourier expansions and wavelets. Part lecture, part
workshop with Vat Lab.

3:30-5:00 pm The geometry of imaging: multiple cameras, inferring 3D | R.Romano
structure with stereoscopic images

Tuesday

9:30-11:00 am Basic MatlL ab tools and Statistics as atool for classifying | D.Mumford
images. Features and histograms (for use in the
competition), hands on work with MatL ab. Introducing
the first project option: texture classification.

1:30-3:00 pm Images as functions I1: evolving an image with ‘heat-type’ | J.Carter
PDE’s and applications to image enhancement.

3:30-5:00 pm The geometry inside images. The set of shapes as ametric | K.Leonard
space.

Wednesday

9:30-11:00 am Graph theory and linear algebra as tools for image C.Foulkes
analysis. Use of the eigenvectors of the discrete graph
Laplacian to segment an image

AFTERNOON FREE TIME, EXCURSION TO THE EXPLORATORIUM TO SEE
THEIR VISION DEMONSTRATIONS.

Thursday

9:30-11:00 am Shrink wrapping shapes, the variational approach known | J.Shen
as ‘snakes

1:30-3:00 pm Some statistical methods: Gaussian models, Tree-based D.Mumford
classifiers; the second project option: discrimination via
shapes of |eaves.

3:00-? pm FREE TIME TO WORK ON COURSE MATERIAL AND THE
COMPETITION

Friday

9:30-11:00 am M athematical research and computer work —adiscussion | D.Donoho

1:30-3:00 pm More statistical methods, Bayes's rule, inference M.Harrison

3:30-5:30 GENERAL DISCUSSION OF USING IMAGES AND MATLAB IN

COURSES, ANNOUNCE WINNERS OF COMPETITION




A few points would be well served by further explanation.

We felt that it was essentia that the participants have some real experience working out
by themselves computer code which describes some intuitive property of images. they
need to know in a hands-on way what it means to try to implement the theory we
presented. A contest has been used used by one of the instructors in multiple introductory
graduate courses as away of getting students involved like this. Therefore we

devised two challenges: a texture discrimination task with 6 patches of waves, bark, fur,
straw pebbles and clouds; and a shape discrimination task with 4 species of leaves. The
participants formed 5 teams, including some more experienced programmers on each
team, and competed to construct the best texture and shape discrimination algorithms. In
fact, they all had excellent ideas and rose admirably to this test, the best teams being very
impressive indeed. Chocolate prizes were given.

Next, we took a group excursion. The MAA had advised us that a break was very
important and San Francisco is blessed with arguably the best science museum in the
country — the hands-on warehouse of toys and demos known as the Exploratorium. It has
awhole room of vision related demos, so we adjourned there, for Wednesday afternoon.

A final, but important point: all participants were housed in a one large B& B nearby and
we had lunches catered at MSRI: there was no getting away from the workshop. Thus
discussions continued throughout the day (and into the night). It is not clear who was
more exhausted by the end of the week: the instructors or the participants.



PREP/MSRI: GEOMETRIC COMBINATORICS WORKSHOP JUNE 2005

ON-SITE REPORT

Workshop: Geometric Combinatorics
Workshop Leader: Francis Edward Su
Dates of Workshop: June 6-9, 2005.
Location: MSRI, Berkeley, CA

Handouts and Speaker:

A conference schedule, participant list, and all handouts for my workshop are attached. 1
was the only speaker, except that on the last day (day 4) I asked the participants to make
presentations on materials that they assimilated during the workshop.

About the Workshop Program:

There were 21 participants in the workshop, not including myself or my assistant Debbie
Berg. The workshop program involved a mixture of lectures and group discussion time, and
presentations.

I gave 14 lectures on various topics in geometric combinatorics over 4 days. The idea was
to introduce participants to the field, give them a sense of the lay of the land, and to equip
them to do further reading in the field. I also pointed out various ideas that would find natural
homes in certain courses in the undergraduate curriculum, and gave them several suggestions
for undergraduate projects.

During the group work time, they were asked to talk about ways in which they could in-
corporate material into their coursework, ideas that they may wish to pursue in their research
or research with undergraduates. The afternoon of Day 4 was devoted to participant presen-
tations: participants were asked to present ideas that came out of what they thought about or
learned during the week.

We ended earlier one afternoon (Day 2, around 3:45pm) so that participants could explore
Berkeley or the Bay Area.

Materials:

Participants were given a set of PREParatory Problems to think about before they arrived
for the workshop. These were a list of problems which related to concepts that we would cover
in the workshop. By doing (or at least attempting) these problems, participants would better
appreciate the motivation for learning certain concepts in geometric combinatorics.

Upon arrival, participants received an introductory handout and lecture schedule. They
also received a list of open problems that they might enjoy thinking about.

I provided handouts containing lecture outlines (containing statements of theorems). and
a list of references pertaining to each of the lectures that I gave.

Follow-up: I will encourage participants to use e-mail to trade ideas for incorporating
material into their classes or in their research.

In a few months, I will ask them to report on any activities that they have done that
arose from ideas that they generated during my workshop. Any evidence of this will be a sign
that the workshop has been successful in its goal of bringing some of this material into the
undergraduate curriculum.

ON-SITE REPORT F.E.Su



PREP/MSRI: GEOMETRIC COMBINATORICS WORKSHOP JUNE 2005

Highlights of the Workshop:

The lectures were well-received. Highlights for me included some of the participant presen-
tations. I especially liked how some of the participants explored some new aspects of material
that I had presented. One excellent example was how one group viewed the permutahedron
as a group and asking what geometric objects all the subgroups represented. Some also tried
to solve some of the problems that I posed. Others commented on how they might use this
material in courses they teach. I've included copies of slides that the participants made for
their presentations.

What I would do differently next time:
It’s always a struggle to balance lecture time and discussion time. I need to keep experi-
menting with this!

Further dissemination:

For last year’s workshop, I wrote a little article for MSRI’s publication The Emissary. 1 am
currently collating the material into a book at the undergraduate level. MSRI has videotaped
all the lectures and they are available at the MSRI site, and many of the workshop materials
are posted at the course website.

Feedback to MAA for administering the program:

This year’s administration of the program went smoothly, both with MAA and MSRI,
though it was difficult at times to coordinate information, such as who had or had not been
invited, etc. The dorm and meals arrangements with UC-Berkeley were quite good!

ON-SITE REPORT F.E.Su



Final Report
Introductory Workshop in Nonlinear Dispersive Equations
Aug 22-26, 2005

Organized by: James Colliander (Toronto), Patrick Gerard (Orsay), Herbert Koch (Dortmund),
Natasha Pavlovic (Princeton), Daniel Tataru (Berkeley)

The field of nonlinear dispersive equations has experienced a dramatic growth in recent years,
and continues to evolve at a rapid pace. For the most part the problems which are being
considered have their origin in physics in subjects such as general relativity, quantum
mechanics, water waves, nonlinear elasticity, various field theories, etc. There is also a
significant component which is tied to geometry. Even though most of the research so far is
mostly theoretical, there is also a strong potential for applications as one moves from model
problems towards the original equations.

The aim of the workshop was to provide an overview of the problems and methods in the field,
and also to survey some of the recent developments. A key component of the program was to
have two series of expository talks given by mathematicians who are leaders in the field:

Hart Smith (U. Seattle) gave an excellent introduction to wave packets and wave packet
methods in nonlinear wave equations. This is becoming a tool of choice in describing nonlinear
wave interactions.

Wilhelm Schlag (U. Chicago) gave three lectures on his recent work on the stability of solitons
for the nonlinear wave equation and the nonlinear Schrédinger equation. This combines a deep
spectral analysis of linearized operators with the nonlinear dynamics. Joachim Krieger
complemented this with a more in depth description of some of their joint work.

Jean Bourgain talked about normal forms and renormalization in the context of the nonlinear
Schrédinger equations. Also on nonlinear Schrédinger equations there were two other talks of
Nakanishi and Zuily.

Another highlight of the conference was Chemin's presentation concerning some new results in
fluid flows where, as it turns out, dispersion plays an important role.

The workshop was very well attended, with considerable participation on the part of younger
researchers. The series of expository talks were well prepared and very accessible. We believe
that they haveserved as a good introduction to the field for the younger researchers. There were
48 registered participants, of whom 12 were women, and 8 were from outside the United States.



Schedule
Monday, Aug 22, 2005
9:00-9:15 MSRI Welcome

9:15-10:15 Wilhelm Schlag I
10:45-11:45 Hart Smith, Wave packet methods for hyperbolic equations I

2:00-3:00 Jean Bourgain, Normal forms in NLS
3:30-4:30 Gustavo Ponce

Tuesday, Aug 23, 2005

9:15-10:15 Wilhelm Schlag II
10:45-11:45 Hart Smith, Wave packet methods for hyperbolic equations II

2:00-3:00 Kenji Nakanishi
3:30-4:30 Joachim Krieger, Non-generic blow up solutions for the critical focusing NLS in 1D

Wednesday, Aug 24, 2005

9:15-10:15 Claude Zuily, Strichartz estimates for the Schrodinger equation with variable
coefficients

10:45-11:45 Hart Smith, Wave packet methods for hyperbolic

equations III

2:00-3:00 Ioan Bejenaru
3:30-4:30 Michael Christ, Existence and nonuniqueness for the nonlinear Schrodinger equation

Thursday, Aug 25, 2005

9:15-10:15 Jean-Yves Chemin, Dispersive effects in high rotating fluids
10:45-11:45 Wilhelm Schlag III

2:00-3:00 Justin Holmer
Friday, Aug 26, 2005
9:15-10:15 Yoshio Tsutsumi, Well-posedness of the Cauchy problem for the mKdV equation

10:45-11:45 Jeremy Szeftel, Long-time existence for semilinear Klein-Gordon equations on
compact manifolds



FINAL REPORT
Analytical and Stochastic Fluid Dynamics
October 1-14, 2005

Organized by Craig Evans, Susan Friedlander, Boris Rozovsky, Daniel Tataru and David
A. Ellwood

Deterministic and stochastic aspects of Fluid Dynamics, in particular the phenomenon
of turbulence, are of great importance in many fields of engineering and science. It
presents some of the most difficult problems both in fundamental understanding of its
nature and in applications, many of which are still unresolved.

Turbulence is prominent in numerous contexts of significance for science and
technology. Models of turbulence that capture all the essential behavior, and also yield
computationally tractable representations are essential.

The PDEs known as the Euler and Navier-Stokes equations are the most important
deterministic models for the motion of fluids and gases. Turbulent flows are unsteady and
contain fluctuations that are random in space and time. Therefore, it has long been
suspected that the turbulent motion should be described by stochastic versions of Navier-
Stokes or Euler equations. For such equations there are many related open problems such
as the structure of stochastic flows, stability and attractors, scaling and turbulence, and a
theory of stochastic finite elements for this set up. There are also longstanding problems
concerning “blow-up' of solutions of Navier-Stokes and Euler equations and the detailed
connection with the onset of turbulence, the uniqueness of Leray solutions in 3D, the
closure problem for statistical moments, etc..

Many of these issues were addressed by the workshop Analytical and Stochastic Fluid
Dynamics funded by NSF, NSA, Clay Institute, and ARO. The Workshop was held at
the Mathematical Sciences Research Institute from October 10, 2005 to October 14,
2005. It was organized by Craig Evans, Susan Friedlander, Boris Rozovsky, Daniel
Tataru, and David A. Ellwood.

A number of world renowned experts in Fluid Dynamics presented their current research
at the Workshop. Also, a number of students and young researchers have attended the
Workshop and made important contributions.

The scope of the Workshop and its directions are well illuminated by the list of
presentations given below.We highlight a few illustrative examples.

Progress was reported on the regularity of solutions of the 3-dimensional Navier-Stokes
equation in the talks by V. Sverak (University of Minnesota) and | . Kukavica (USC).
Progress on the asymptotic properties of Navier-Stokes and related equations was
reported by S. Kuksin (Harriot-Watts), Jim Kelliher (Brown), Natasha Pavlovic
(Princeton),

The so-called primitive equations, a geophysical model based on modified Navier-Stokes
equations complimented by several passive scalar type equations was discussed by M.
Ziane (USC) and E. Titi (UCI). Dr. Titi has reported a new and unexpected result: in
contrast to the Navier-Stokes equation, the primitive equation has a smooth global
solution in 3D.



Important developments in stochastic aspects of fluid dynamics were presented at the
conference. J. Mattingly (Duke University) has established the minimal requirements on
random forcing that guarantee an exponential convergence of a solution of a randomly
forced 2D Navier-Stokes to the unique equilibrium.

The talk of R. Mikulevicius (USC) was centered on the physical foundations of
stochastic versions of equations of Fluid Dynamics.

P. Constantin (Chicago) presented new regularity results concerning Navier-Stokes
Equations coupled with the Fokker-Planck equation describing the probability
distribution of microscopic inclusions.

F. Flandoli reported some new results on the regularity of the 3D stochastic Navier-
Stokes equation. It is plausible, that these result might eventually help to establish weak
(in probability law) uniqueness of a 3D Leray solution (Kolmogorov’s conjecture) .

There were 46 registered participants, of whom 10 were women. As this workshop
overlapped both Fall research programs, most MSRI members attended the talks.

Schedule

Monday, October 10

9:30-10:00 Mohammed Ziane, Remarks on the normal form of the Navier-Stokes
equations

10:00-10:45 Peter Constantin, Nonlinear Fokker-Planck Navier-Stokes Systems
11:15-12:00 Edriss Titi, Global Regularity for the Three-dimensional Primitive Equations
of Ocean and Atmosphere Dynamics

12:00-2:45 Discussion

2:45-3:30 Sergei B. Kuksin, Asymptotic properties of some SPDE with small dissipation

4:00-4:45 Franco Flandoli, Markov selections and their regularity for 3D stochastic
Navier-Stokes equations

4:45-5:15 Roman Shvydkoy, Spectral problem for the Euler and Navier-Stokes equations

Tuesday, October 11

9:30-10:00 Eric Vanden-Eijnden, Simple Solvable Models with Cascade of Energy and
Anomalous Dissipation

10:00-10:45 Jonathan Mattingly, Exponential Mixing for the Degenerately forced Navier
Stokes Equations

11:15-12:00 Vladimir Sverak, Regularity of L{3\infty} solutions of the Navier-Stokes
equations

2:45-3:30 Charlie Fefferman, The surface QG-alpha equation

4:00-4:45 Tom Hou, The Interplay between Local Geometric Properties and the Global
Regularity for 3D Incompressible Flows

4:45-5:15 Jim Kelliher, Bounded domain limit for Navier-Stokes and Euler equations



Wednesday, October 12

9:30-10:00 Igor Kukavica, One direction and one component regularity for the Navier-
Stokes equations

10:00-10:45 Andrea Bertozzi, Electrowetting in a Hele-Shaw geometry

11:15-12:00 Giovanni Gallavotti, Chaotic motions and developed turbulence: heuristic
ideas

2:45-3:30 Claude Bardos, Analytic stability and singularities for Kelvin Helmholtz,
Rayleigh Taylor, Problems Comparison with the stability of water waves problems
4:00-4:45 Herbert Koch, Regularity for a free boundary problem and a conjecture of De
Giorgi

4:45-5:15 Natasa Pavlovic, Long time behavior of solutions to the 3D Navier-Stokes

Thursday, October 13

9:30-10:00 Anna L. Mazzucato, On the decay of the energy spectrum for weak solutions
to the Navier-Stokes equations

10:00-10:45 Anatoli Babin, Linear superposition of nonlinear waves

11:15-12:00 Susan Friedlander, Nonlinear Instability for the Navier Stokes Equations

2:45-3:30 Poster Session
4:00-4:45 Poster Session
4:45-5:15 Discussion Workshop

Friday, October 14

9:30-10:00 Boris Rozovsky, Passive Scalar Equation in a Turbulent Gaussian Velocity
Field

10:00-10:45 Alexandre Chorin, Scaling laws in turbulence

11:15-12:00 Remigijus Mikulevicius, On stochastic Euler equation

12:00-2:45 Discussion

2:45-3:30 Xiaoming Wang, The Emergence of Large Scale Coherent Structure under
Small Scale Random Bombardments



Final Report
Recent Results in Nonlinear Elliptic Equations and their Interactions with Geometry
October 31- November 4,2005

Organized By: Frank Pacard, Neil Trudinger and Paul Yang

The workshop focused on recent trends in nonlinear elliptic equations in geometry. Some
important new results and directions of research have been highlighted. We give a list of the recent
progress which have been announced during this workshop:

This workshop has seen many new outstanding results announced related to the classical Yamabe
problem (conformal deformation of a metric into a constant scalar curvature metric). R. Schoen
(from Stanford) announced a proof of the compactness theorem for constant scalar curvature
metrics on higher dimensional Riemannian manifolds. This is a joint result with M. Kuhri which
together with recent results in low dimensions completes a series of studies in this area. O. Druet
(from ENS Lyon) obtained a proof of the Kazdan-Warner conjecture concerning the existence of
conformal constant scalar curvature in the scalar flat case. A previously circulated proof of this
conjecture contained an important gap and this can thus be considered as the first correct proof of
the conjecture. S. Brendle (from Stanford) has given a complete proof of the convergence of the
Yamabe flow in any dimension under some technical assumption of the Weyl tensor. This
important work complements earlier work in low dimensions (3 to 5).

In Kahler geometry, X.X. Chen (from Madison) has explained his recent progress on the study of
the flow associated to the Calabi functional and its relation to extremal metrics. We have also heard
the progress concerning the Kéhler Ricci flow on Kahler manifolds which admit Kahler-Ricci
solitons by X. Zhu (from Beijing) and G. Tian (from Princeton). J. Viaclovsky (from MIT) has
explained his recent work on the compactification of the space of critical metrics (as anti-self-dual
metrics or constant scalar curvature Kahler metrics) using some new volume growth estimate for
metrics with quadratic curvature decay. Finally, G. Tian (from Princeton) has found new important
curvature estimates for 4-dimensional Einstein equations.

In the study of fully nonlinear equations in conformal geometry, we would like to emphasize the
new important work of J. Qing (from Santa-Cruz) on the existence of solutions of semilinear
conformally invariant equations using a familly of conformally covariant operators to reduce, via
degree theory the existence of solutions to the existence of Yamabe metrics. This work uses a
novel development of the moving plane method using the Hardy-Sobolev inequality in place of
themaximum principle. F. Hang (from Princeton and Michigan) has presented his work on the fact
that, in odd n-dimensional spheres, the conformal class of standard metrics maximizes the scaling
invariant integral of 2mth order Q curvature when 2m=n+1 or n+3 and also that functional has no
local maximum when 2m>n+3. S. Chen (from Princeton) has reported on her thesis work on the
k-Yamabe problem with boundaries, which involved new apriori estimates for Neumann problems
for conformally invariant fully nonlinear elliptic equations. X. Wang (from Canberra) has reported
on his joint work with W. Sheng and N. Trudinger on the solution of the k-Yamabe problem and on



the singularities of admissible metrics. A. Chang (from Princeton) has presented her work with M.
Gursky and P. Yang on conformal invariants on a Riemannanian manifold equipped with a smooth
measure. This work introduces new ideas in the field which allows one to construct families of
conformally covariant operators defined on these spaces, some of which are associated to
variational problems.

In different directions, G. Huisken (from Max Planck Inst.) explained how rigidity inequalities on
Riemannian manifolds could be obtained using both the mean curvature and inverse mean
curvature flows. Once again, this shows that the techniques developed in geometric flows are now
mature enough to produce simple elegant solutions to important problems. B. Franchi (from
Bologna) reported on the geometricall natural formulation of regular submanifolds in Heisenberg
groups. J. Cheng (from Taipei) reported on the work with J. Huang, A. Malchiodi and P. Yang
developing a theory of minimal surfaces in pseudo-hermitian geometry.

To end this survey of the more striking results which have been discussed during the workshop, we
would like to mention the talk of R. Mazzeo (from Stanford) in which new analytical tools
concerning the study of the Laplacian on noncompact symmetric spaces of rank greater than one
have been presented and applied to construct Einstein metrics of this asymptotic type.

There were 70 registered participants of whom 10 are women and 8 came from outside the United
States specifically for this workshop.

SCHEDULE

Monday, October 31

9:30 — 10:30 Gang Tian (Princeton Univ.), Curvature estimate for 4-dimensional Einstein equation
11:00 — 12:00 Xiuxiong Chen (Univ. of Wisconsin), On the Calabi functional in Kahler manifold
12:00 — 1:00 Jeff Viaclovsky (MIT), Volume Growth, Curvature Decay, and Critical Metrics

2:30 — 3:30 Xavier Cabre (ICREA-Univ. Politecnica Catalunya), Regularity of radial minimizers
and extremal radial solutions of semilinear elliptic equations

3:30 — 4:00 Travel to 60 Evans Hall, UCB

4:10 - 5:10 (At 60 Evans Hall, UCB) Cristian Gutierrez (Temple University), The Monge-Ampere
equation: Overview and Recent Results

Tuesday, November 1

9:30 — 10:30 Richard Schoen (Stanford University), Blowup issues for the Yamabe equation on
high dimensional manifolds

11:00 - 12:00 Simon Brendle (Stanford University), Global convergence of the Yamabe flow in
dimension 6 and higher

12:00 — 1:00 Olivier Druet (ENS Lyons), The prescribed scalar curvature problem

2:30 — 3:30 Bernd Amman (Univ. Nancy), The first Dirac eigenvalue in a conformal class
4:00 — 5:00 Xiaohua Zhu (Beijing University), Kahler-Ricci flow and certain complex Monge-
Ampere equation



Wednesday, November 2

9:30 — 10:30 Gerhard Huisken (Max Planck Inst. f. Gravitationsphysik), Rigidity inequalities via
inverse mean curvature flow

11:00 - 12:00 J. Cheng (Academica Sinica, Taipei), The mean curvature equation in
Pseudohermitian geometry

12:00 — 1:00 Sophie Chen (Princeton University), Boundary Estimates for Some Fully Nonlinear
PDEs and Applications to Conformal Geometry

2:30 — 3:30 Qing Han (Univ. of Notre Dame), Smooth local isometric embedding of surfaces with
Gauss curvature changing sign monotonically across a curve

4:00 — 5:00 Nassif Ghoussoub (Univ. of British Columbia), Selfdual variational principles for
PDEs and evolution equations

Thursday, November 3

9:30 — 10:30 Bruno Franchi (Univ. of Bologna), Intrinsic submanifolds of Heisenberg group

11:00 — 12:00 Joel Spruck (Johns Hopkins Univ.), Complete hypersurfaces of constant curvature in
Hyperbolic space with prescribed asymptotic boundary

12:00 — 1:00 Rafe Mazzeo (Stanford University), Einstein metrics and higher rank geometry

2:30 — 3:30 Brian White (Stanford University), Getting a handle on the helicoid
4:00 — 5:00 Xujia Wang (Australian National Univ.), Fully nonlinear partial differential equations
and applications in geometry

Friday, November 4

9:30 — 10:30 Luis Caffarelli (Univ. of Texas, Austin), On homogenization and rates of convergence
for random fully nonlinear equations

11:00 — 12:00 Alice Chang (Princeton Univ.), Conformal invariants associated with a smooth
measure

12:00 — 1:00 Rod Gover (Univ. of Auckland) Conformal Laplacian operators and Q-curvature on
Einstein manifolds

2:30 — 3:30 Jie Qing (UC Santa Cruz), On semi-linear conformally invariant PDE
4:00 - 5:00 Fengbo Hang (Princeton & Michigan State Univ.), On the higher order Q curvature on
the Sphere



Final Report
Morehouse College/Spelman College/MSRI Workshop on Modern Mathematics
An Introduction to 2006-07 Programs at MSRI
November 5-6,2005

Organized By: Sylvia Bozeman (Spelman College),Masilamani Sambandham(Morehouse
College), Hugo Rossi (MSRI)

This was the fourth in a series of workshops MSRI has sponsored at a minority-serving
institution, featuring modern developments in mathematics that will be the focus of
upcoming research programs and summer graduate workshops at MSRI. The intent is to
use this as a tool for the recruitment to these programs of members of under represented
minorities. Equally important, these workshops serve to familiarize diverse communites
with MSRI activities in general, and research in the mathematical sciences in particular.
The format for the two-day program followed its predecessors: two talks from an
organizer of each program; one a purely mathematical talk, and the other a talk about the
structure of their program. There were also these talks: one by the MSRI deputy director
on available appointments at MSRI and how to apply, and two colloquium-type lectures.

Morehouse College and Spelman College in Atlanta, are well-situated in central Atlanta,
and attracted many participants, particularly from the Southeastern United States. There
were 55 registered participants, as well as many drop-ins from local institutions. So, for
example, the lunches on both days had more than 80 diners. All presentations were
expository, intended for faculty who may not be closely working in these areas, as well as
for graduate students who have had the usual general preparation for advanced study in
the early part of a Ph.D. program but who may not yet have specialized. Talks on MSRI
programs included descriptions of different ways to be involved with these programs, and
instructions for applications. The program left ample time for informal discussion during
which the speakers were available for one-on-one discussions with interested participants

In the past two years, the colloquium lectures were given by Richard Tapia (2003) of
Rice University and Juan Meza (2004 of the Lawrence Berkeley National Laboratory. At
this workshop the talks were given by Lisa Fauci, Professor of Mathematics at Tulane
University and Director of the Center for Computational Science at Tulane and Xavier
Universitites, and Troy Story, Professor of Chemistry, Morehouse College. Professor
Fauci’s talk was well received, as there is much interest in Mathematical Biology in the
Atlanta area. She also spent some time desribing the Center for Computational Science,
with the intent of recruiting interested people. The other colloquium was given by Troy
Story, who had been an MSRI member in the Fall, 2003 and who spoke on the subject on
which he worked (and wrote a book) while at MSRI.

We were fortunate to have present some others with connections to MSRI: Sylvia
Bozemna had been a member of the Human Resources Advisory Committee which
initiated this series of workshops, Robert Megginson and Matthew Miller are ex-deputy



directors of MSRI. Christopher Jones was particularly active in interesting participants in
his MSRI program, as well as programs at SAMSI, where he is a Deputy Director.

The 2006-2007 MSRI programs are

Geometric Evolution Equations and Related Topics

August 22, 2006 to May 18, 2007

Organized by: Bennett Chow*, Panagiota Daskalopoulos, Richard Hamilton, Gerhardt
Huisken, Peter Li, Lei Ni, Gang Tian

Computational Applications of Algebraic Topology

August 22, 2006 to December 19, 2006

Organized by: Gunnar Carlsson, Persi Diaconis, Susan Holmes*, Rick Jardine, Gilinter M.
Ziegler

Dynamical Systems

January 9, 2007 to May 18, 2007

Organized by: Christopher Jones*, Jonathan Mattingly, Igor Mezic, Andrew Stuart, Lai-
Sang Young

The asterisks denote the speakers at this workshop.
Schedule

Saturday, November 5, 2005
Lecture Room #1, Nabrit-Mapp-McBay Hall, Morehouse College

9:00 Welcome

9:15-10:15 An introduction to singularity analysis for Ricci flow, Bennett Chow
Morning Break

10:45-11:45 The Hyperbolic Space of Trees, Susan Holmes

12:00-1:00 Lunch

1:15-2:00 MSRI Programs, Workshops and Summer Graduate Programs, Hugo Rossi
2:30-3:30 Program in Dynamical Systems, Christopher Jones

Afternoon Tea

4:00-5:00 Lisa Fauci, Biological Fluid Dynamics - successes and challenges

Sunday, November 6, 2005

Tapley 130, Albro-Falconer-Manley Science Center, Spelman College
9:15-10:15 Multivariate Statistics and Immunology, Susan Holmes
Morning Break

10:45-11:45 Program in Geometric Evolution Equations, Bennett Chow
12:00-1:00 Lunch

1:15-2:15 The Ocean as a Dynamical System, Christopher Jones

2:30-3:30 Troy Story, Navier-Stokes Dynamics on a Differential One-Form



Abstracts of the Lectures

An introduction to singularity analysis for Ricci flow

Bennett Chow, University of California, San Diego

Ricci flow is a geometric evolution equation which deforms Riemannian metrics by a
heat type equation. In general the metric does not remain smooth for all time and
singularities develop. When this happens in finite time the curvature of the metrics tend
to infinity. In singularity analysis one hopes to understand the geometric and topological
structure of these high curvature regions. We will survey some of the techniques used to
study singularities.

The Hyperbolic Space of Trees

Susan Holmes, Stanford University

Phylogenetic trees are used in many ways in modern biology; for instance the tree of HIV
strains is very important to the udnerstanding of drug resistant mutations. Making
inferences about these trees is a hard mathematical, because, as I will show they do not
lie in an ordinary Euclidean space. I will show how statistical inferential methods with
trees needs computational topology to answer some of the questions currently asked by
biologists. Will talk about the interface between statistics and computational algebraic
geometry.

Biological Fluid Dynamics - successes and challenges

Lisa Fauci, Tulane University

Problems in biological fluid dynamics typically involve the interaction of an elastic
structure with the surrounding fluid. Examples of these coupled fluid-structure systems
include blood flow in the heart, air flow through the lungs, and sperm motility in the
reproductive tract. These biological processes can each be described by a system of time-
dependent, coupled, nonlinear partial differential equations. While the explicit solution of
these complex equations is impossible, scientists are making progress in understanding
these systems using computational methods. In this talk, we will present an overview of
biological fluid dynamics, and discuss the interdisciplinary nature of the research in this
field. We will focus on the examples of ciliary and flagellar beating in microorganisms,
and the swimming of nematodes and leeches.

The Ocean as a Dynamical System

Christopher Jones, University of North Carolina

From one point of view, the ocean is a vast and complicated dynamical system. Its
circulation of water is made up of fluid particle trajectories whose chaotic motion
accounts for significant exchange of fluid between regions of ostensibly different types of
motion. This is particularly evident around large coherent features, such as ocean eddies
(which are the ocean’s version of hurricanes) and major currents, such as the Gulf
Stream. The modern theory of dynamical systems has shed considerable light on these
processes. It will also be shown how they promise improved strategies for data gathering
and analysis.



Navier-Stokes Dynamics on a Differential Form

Troy L. Story, Professor of Chemistry, Morehouse College

After transforming the Navier-Stokes dynamic equation into a characteristic differential
one-form on an odd-dimensional differentiable manifold, exterior calculus is used to
construct a pair of differential equations and tangent vector (vortex vector) characteristic
of Hamiltonian geometry. A solution to the Navier-Stokes dynamic equation is then
obtained by solving this pair of equations for the position xx and the conjugate to the
position by as functions of time. The solution by is shown to be divergence-free by
contracting the differential 3-form corresponding to the divergence of the gradient of the
velocity with a triple of tangent vectors, implying constraints on two of the tangent
vectors for the system. Analysis of the solution by shows it is bounded since it remains
finite as | xx | — oo, and is physically reasonable since the square of the gradient of the
principal function is bounded. By contracting the characteristic differential one-form with
the vortex vector, the Lagrangian is obtained.




Final Report
MSRI Workshop: Flavors of Groups

November 18-22, 2005 at the Banff International Research Station

Organizing Committee: Mladen Bestvina, Jeff Brock, Jon Carlson, Persi Diaconis,
Hugo Rossi

This workshop brought together researchers working on algebraic, analytic,
combinatoric, geometric and topological aspects of group theory in order to exchange
techniques and ideas in preparation for the full year emphasis at MSRI in the academic
year 2007-2008 on all these aspects of groups. The four particular topics present
(representing the four individual semester programs at MSRI) were:

Geometric Group Theory. This is a relatively young field, with older and deeper roots
in the study of groups from combinatorial and topological perspectives. In the mid
1980’s, spurred by ideas of Cannon and Gromov, group theorists began to pay attention
to the geometric structures which cell compexes can carry. This attention shed light on
the earlier combinatorial and topological investigations, and stimulated innovative ideas
which have been developing at a rapid pace: Gromov hyperbolicity, Bestvina-Brady
Morse theory, splittings and actions on trees, rapid decay and the Baum-Connes
conjecture.

Kleinian Groups. The study and application of recent advances in the classification of
hyperbolic 3-manifolds (the solution of the tameness and ending lamination conjectures
of Marden and Thurston) can lead to a better understanding of the geometry of closed
hyperbolic 3-manifolds. This work also touches on Teichmuller theory, and questions
concerning billiards and flows on Moduli space. Many of these avenues are potentially
very fruitful for further research and synthesis between, up to now, largely disparate
fields.

Combinatorial Representation Theory. There is a productive interplay between
combinatorics, geometry, finite groups, Lie theory and hyperplane arrangements in the
applications to representation theory. Examples are: (1) the use of symmetric functions
and Hecke algebras in the modular representation theory of finite groups of Lie type, (2)
the use of braid groups and finite dimensional algebras in the study of categories of
highest weight modules and (3) the use of tableaux, crystals, and the path model in the
study of representations of algebras with triangular decomposition.

Representation Theory of Finite Groups. Current research centers on many open
questions, particularly regarding representations over the integers or rings of positive
characteristic. Brauer developed block theory to better understand such representations,
and in the last few years there have been many exciting new conjectures concerning
correspondence of characters and derived equivalences of blocks. Topics such as p-local
groups, group actions on finite complexes and homotpy representations blend algebra and
topology in novel and productive ways.



With four talks a day there was plenty of time for informal discussion and interaction
among the various areas of interest. On Sunday evening there was a meeting of the MSRI
program organizers, initiating integrated planning for the MSRI intensive year. In all,
there were 32 participants, of whom 7 were women. The participants (speakers are
asterisked), with their affiliations were:

Barcelo, Helene, Arizona State University *Benson, David, University of Georgia

Brock, Jeffrey, Brown University *Bromberg, Ken, University of Utah
Canary, Richard, University of Michigan = Cannon, Jim , Brigham Young University
Carlson, Jon, University of Georgia Charney, Ruth, Brandeis University
*Diaconis, Persi, Stanford University*Erdmann, Karin, Oxford University

*Grodal, Jesper, University of Chicago *Hamenstaedt, Ursula, University of Bonn
*Kamnitzer, Joel, MIT *Kerckhoff, Steven, Stanfor d University

*Kleshchev, Alexander, Univ of Oregon *Malle, Gunter, Univ of Vienna
*Masur, Howard, Univ Illinois, Chicago *McCammond, Jon , UC Santa Barbarra

*Mosher, Lee, Rutgers University Pettet, Alexandra, Univ of Chicago
Postnikov, Alex , MIT Reid, Alan, UT Austin

Rickard, Jeremy, Univ of Bristol Robinson, Geoffrey, Univ of Aberdeen
Rossi, Hugo, MSRI Sapir, Mark, Vanderbilt University
*Souto, Juan, University of Chicago *Thiem, Nat, Stanford University

*Valette, Alain, University of Neuchatel Vinroot, C. Ryan, Univ of Arizona
*Vogtmann, Karen, Cornell University *Williams, Lauren, UC Berkeley



Flavors of Groups, BIRS Workshop 05w5105
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MEALS

Breakfast (Continental): 7:00 — 9:00 am, 27 floor lounge, Corbett Hall, Sunday — Thursday
*Lunch (Buffet): 11:30 am — 1:30 pm, Donald Cameron Hall, Sunday — Thursday

*Dinner (Buffet): 5:30 — 7:30 pm, Donald Cameron Hall, Saturday — Wednesday

Coffee Breaks: As per daily schedule, 2™ floor lounge, Corbett Hall

*Please remember to scan your meal card at the host/hostess station in the dining room for each lunch and
dinner.

MEETING ROOMS

All lectures will be held in Max Bell 159 (Max Bell Building accessible by bridge on 2" floor of
Corbett Hall). Hours: 6 am — 12 midnight. LCD projector, overhead projectors and
blackboards are available for presentations. Please note that the meeting space designated for BIRS is
the lower level of Max Bell, Rooms 155-159. Please respect that all other space has been contracted to other
Banff Centre guests, including any Food and Beverage in those areas.

SCHEDULE

Thursday, November 17, 2005

16:00 Check-in begins (Front Desk — Professional Development Centre - open 24 hours)
Lecture rooms available after 18:00 (if desired)

17:30-19:30 Buffet Dinner, Donald Cameron Hall

20:00 Informal gathering in 2™ floor lounge, Corbett Hall
Beverages and small assortment of snacks available on a cash honour-system basis.

Friday, November 18, 2005

7:00-8:45  Breakfast
8:45-9:00 Introduction and Welcome to BIRS by BIRS Station Manager, Max Bell 159

9:00 Lee Mosher, Geometric Group Theory
10:00 Coffee Break, 2™ floor lounge, Corbett Hall
10:30 Ken Bromberg, The topology of deformation spaces of hyperbolic 3-manifolds

11:30-13:30 Lunch
13:30-14:30 Guided Tour of The Banff Centre; meet in the 2™ floor lounge, Corbett Hall

14:30 Gunter Malle, Complex reflection groups and representations of reductive groups
15:30 Coffee Break, 2™ floor lounge, Corbett Hall
16:00 Alexander Kleschev, Flavors of symmetric groups

17:30-19:30 Dinner

Saturday, November 19, 2005
7:00-9:00  Breakfast

9:00 Howard Masur, Fuchsian subgroups of the mapping class group

10:00 Coffee Break, 2™ floor lounge, Corbett Hall

10:30 Dave Benson, Representations, cohomology and duality

11:30 Group Photo; meet on the front steps of Corbett Hall (to take place directly after the last

lecture of the morning)
11:30-13:30 Lunch



13:30 Nat Thiem , The finite unitary group, Deligne-Lusztig induction, and tableaux
combinatorics

14:30 Alain Valette, Quasi-isometric embeddings into Hilbert spaces, and growth of 1-cocycles
on groups

15:30 Coffee Break, 2™ floor lounge, Corbett Hall

16:00 Karin Erdmann, Permutation modules and applications

17:30-19:30 Dinner

Sunday, November 20, 2005
7:00-9:00 Breakfast

9:00 Ursula Hamenstaedt, Large-scale geometry of subgroups of mapping class groups
10:00 Coffee Break, 2™ floor lounge, Corbett Hall

10:30 Jon McCammond, Coxeter groups and Artin groups in Geometric Group Theory
11:30-13:30 Lunch

13:30 Alan Reid, LERF, extensions and retractions

14:30 Juan Souto, Heegard splittings and pseudo-Anosov maps

15:30 Coffee Break, 2™ floor lounge, Corbett Hall

16:00 Persi Diaconis, An outsider looks at Group Theory

17:30-19:30 Dinner

Monday, November 21, 2005
7:00-9:00 Breakfast

9:00 Joel Kamnitzer, Mirkovic-Vilonen Polytopes

10:00 Coffee Break, 2™ floor lounge, Corbett Hall

10:30 Karen Vogtmann, The topology of automorphism groups of free groups

11:30-13:30 Lunch

13:30 Steve Kerckhoff, Eight flavors of geometry in a single (projective) cone

14:30 Jesper Grodal, Homotopical group theory

15:30 Coffee Break, 2™ floor lounge, Corbett Hall

16:00 Lauren Williams, The combinatorics and topology of totally nonnegative flag varieties

17:30-19:30 Dinner

Tuesday, November 22, 2005
7:00-9:00 Breakfast

9:00 Informal Discussions recommended, as many participants must catch early flights
10:00 Coffee Break, 2™ floor lounge, Corbett Hall — to START no earlier than 10 am
10:30 Informal Discussions

11:30-13:30 Lunch
Checkout by 12 noon.
** 5_day workshops are welcome to use the BIRS facilities (2™ Floor Lounge, Max Bell Meeting

Rooms, Reading Room) until 4 pm on Thursday, although participants are still required to checkout of
the guest rooms by 12 noon. **



Final Report
Geometric and Analytical Aspects of Nonlinear Dispersive Equations
November 28- December 02,2005

Organized by Nicolas Burg, Hans Lindblad, Igor Rodnianski, Christopher Sogge, Sijue Wu.

This workshop was very successful, despite the difficult circumstances caused by the move from
MSRI in mid-November from its temporary building to Evans Hall in advance of the move to
MSRI's permanent location one month later. In particular, computer glitches caused MSRI's web
server to be down for the entire period of the workshop, which meant that a schedule of the talks
was not available on line. The workshop was held in the International House on the UC Berkeley
campus.

This workshop focused mainly on geometric aspects of Nonlinear Dispersive Equations. Speakers
were chosen to talk about a diverse range of topics, including the systematic use of dispersive and
Strichartz estimates for linear dispersive equations (used in the study of semilinear problems), the
vector fields method for the linear and nonlinear wave equation, estimates for bilinear and
multilinear wave interactions, the use of wave packet methods (for both linear and bilinear
interactions), and the increasingly preeminent role played by the geometrical aspects of nonlinear
dispersive equations.

The workshop had 18 speakers, each of whom gave a one-hour presentation. By design, these
included a mixture of well-established senior researchers as well as younger ones, including
postdocs. There were 59 registered participants, of whom 13 were women.

Significant new results were presented, and these split into two main themes.

First, there were many talks on Schrodinger-type equations. In this area one typically tries to prove
existence of global solutions under certain hypotheses, and one also tries to understand the nature
of blowup when it occurs. Both types of problems were discussed. Among the talks, two of the
most striking were those given by the young mathematicians, C. Zhang on new existence results
with M. Visan and the talk by P. Raphael on blowup solutions. Zhang's talk was very well
received. She discussed joint work with Rowan Killip and Monica Visan. Zhang and Visan were
MSRI postdocs at the time. In this they proved global well-posedness (global existence) for the
energy-critical nonlinear Schrodinger equation. There methods, involving the harmonic oscillator,
overcame scaling issues with their new methods. Their work included a much simplified proof of a
special case due to Bourgain and Tao. P. Raphael described how one can use scaling methods to
show that when blowup occurs the solutions must tend to model blowup solutions.

The other main theme was new results in nonlinear hyperbolic equations that have a nontrivial
geometric component. Among these, J. Delort spoke about new results for nonlinear wave
equations on Zoll surfaces, and J. Metcalfe spoke about nonlinear equations of elasticity. Delort's
talk showed how one can use eigenfunction estimates and Weinstein's theorem on the special
properties of the spectrum of the Laplacian on a Zoll surface to prove new existence results for
nonlinear wave equations. Metcalfe, who also was a postdoc in our program, presented what
appear to be the first existence results for nonlinear equations of elasticity outside of obstacles.



Much of his work was carried out while he was MSRI. It involved modifying some of his earlier
work with Sogge to be able to prove weighted estimates in the spirit of earlier ones for the wave
equation with an obstacle that go back to Keel, Smith and Sogge.

Schedule

Monday, 11/28

9:30-9:45 Welcome to MSRI (at International House)

9:45-10:45  A. Soffer: Dispersive Decay, Methods and Applications

11:00-12:00 C. Zeng: Energy estimates of free boundary problems of the Euler equation

2:00-3:00 J.M. Delort: Almost global solutions for Hamiltonian Klein-Gordon equations on
Zoll manifolds

3:30-4:00 Travel to 60 Evans Hall, UCB

4:10-5:10 C. Kenig (at 60 Evans Hall, UCB): Some recent progress on the global well-
posedness of dispersive equations

Tuesday, 11/29
9:45-10:45  F. Planchon: Existence and uniquess for the Benjamin-Ono equation
11:00-12:00 L. Vega: TBA

2:00-3:00 J. Shatah: TBA
3:30-4:30 S. Klainerman: A break-down criterion in General Relativity
4:30-6:00 Wine and Cheese Reception (Home Room, 2" Floor)

Wednesday, 11/30
9:45-10:45  X. Zhang: Energy critical nonlinear Schodinger equation with harmonic potential
11:00-12:00 M. Weinstein: TBA

2:00-3:00 M. Keel: TBA
3:30-4:30 J. Colliander: TBA

Thursday, 12/01
9:45-10:45  J. Metcalfe: Elastic waves in exterior domains
11:00-12:00 H. Koch: Absence of positive eigenvalues for rough Schroedinger operators

2:00-3:00 W. Craig: On the Boltzmann equation: global solutions in one dimensional
geometry
3:30-4:30 T. Sideris: Incompressible elastodynamics

Friday, 12/02
9:15-10:15  P. Raphael: Construction of a blow up solution for a L2 supercritical NLS equation

10:30-11:30 J. Sterbenz: Regularity for High Dimensional Gauge Fields



FINAL REPORT
PROBABILITY, GEOMETRY AND INTEGRABLE SYSTEMS

Dec. 05-09, 2005

Organized by Bjorn Birnir, Darryl Holm, Charles Newman, Mark Pinsky, Kirill
Vaninsky, Lai-Sang Young

Due to construction at both MSRI’s permanent and temporary locations, this
workshop was held at the International House on the UC Berkeley campus, at
2299 Piedmont Avenue. The core theme of this workshop was that of the proba-
bilistic approach to the study of partial differential equations, following ideas and
work of Henry McKean over five decades, as it has evolved and is sustained in
contemporary research. Emphasis on six main themes was interlaced throughout
the program, reflecting the central unity of the approaches to the underlying prob-
lems. In this way, researchers whose work is concentrated in one or another of
these areas were exposed to the main threads of the other areas. For each theme a
main speaker provided an initial overview.

The six main areas and their plenary speakers were:

1. Random Walks and Singular Diffusions,Charles Newman

2. Strange attractors in periodically forced systems undergoing Hopf bifurca-
tions, Lai-Sang Young

3. Invariant Measures for Nonlinear Partial Differential Equations, Bjorn
Birnir

4. Hamiltonian formalism for integrable systems and Riemann surfaces, Kirill
Vaninsky

5. Camassa-Holm Equation, Euler-Poincare and Geodesic Flows on the Dif-
feomorphism Group, Darryl Holm

6. Random Navier-Stokes Systems, Jonathan Mattingly

As it turned out, the lectures also covered related topics in statistical mechanics,
random matrices and the applications of integrable partial differential equations
to real world problems (for example the talks of Alberto Grunbaum and Harvey
Segur).

Three new results that may have important theoretical developments in mathemat-
ics were announced during the conference.

(1) Igor Krichever presented a much simplified proof of the Novikov conjecture (a
version of the Schottky problem): if a Jacobian abelian variety produces solutions
of the KP equations then it must be the Jacobian of a curve. This conjecture was

1



solved by Shiota in the 1980’s with a very complicated that was generally felt to
not give much insight into the problem. Several subsequent simplifications of the
argument were felt to have the same defect. Krichever shows that the Jacobian
only had to produce solutions of one of two equations that give you compatibility
conditions equivalent to the KP equation, to be the Jacobian of a curve. His argu-
ment exposes a direct connection to spectral theory on compact Riemann surfaces
and provides new insights into the use of analytic methods in algebraic geometry.

(i1) Bjorn Birnir announced a solution of a long-standing turbulence problem that
may lead to developments in the mathematical theory of turbulence. The conven-
tional wisdom, and previous investigations suggested that turbulence is a three-
dimensional pheonomenon and has something to do with singularity formation
of the solutions of the Navier-Stokes equation. At the conference Birnir pre-
sented turbulent solutions of the Navier-Stokes equations in one, two and three
dimensions when the turbulence is driven by a strong uni-directional flow. The
turbulence results from the fact that the solutions are not smooth but Hoélder con-
tinous with an exponent that depends on the dimensions. In particular, there is no
singularity formation. This proves a conjecture made by Onsager in 1949.

(1i1) Lai-Sang Young described the first proof of the existence of a strange attractor
in the phase space of a partial differential equation (PDE). Until recently, strange
attractors had been known to exist only for maps and there was no proof that or-
dinary differential equations (ODEs) possessed strange attractors in their phase
space. Lai-Sang Young and her collaborators were able to prove the existence
of a strange attractor in the phase space of an ODE, extending the methods of
Carleson and Benedikts, and at the conference she presented still another exten-
sion: a strange attractor can exist in the phase space of a special class of PDEs.
There is no doubt that she will soon extend this result to general dissipative PDEs.
This is the culmination of 40 years of work in Dynamical Systems explaining the
dynamics of a large class of PDEs that are of great importance in applications.

Some talks gave a nice historical overview of developments in mathematics. Pierre
van Moerbeke gave an impressive overview of the evolution of random matrix
theory to invariant measures for new stochastic processes. Mark Pinsky gave a
wonderful overview of the development of Fourier analysis in higher dimensions
and with different geometries. In addition to the Gibbs phenomenon one gets Pin-
sky’s phenomenon in higher dimensions. Craig Tracy elaborated on the stochastic
processes discussed by Pierre van Moerbeke and Charles Newmann, Jonathan
Mattingly and S. R. S. Varadhan elaborated on issues in scalings and turbulence.



Peter Lax, Paul Malliavin and Louis Nirenberg gave delightful lectures on Saint
Venant’s principle, stochastic geometry and a geometric Hopf lemma respectively.
The conference finished by a talk of open questions by Henry McKean which
clearly showed why he has inspired so many young mathematicians.

The conference led to several new collaborations. Bjorn Birnir was recruited by
both Jonathan Mattingly and Lai-Sang Young and will spend a month at MSRI
participating in the programs that they are organizing in the spring of 2007. Pierre
van Moerbeke plans to visit Santa Barbara to collaborate on new stochastic pro-
cesses.

Following his talk about the ”continuum nonsimple process” developed by Camia
and Newman in the context of scaling limits of critical two-dimensional percola-
tion, Charles Newman had an extended discussion with both Raghu Varadhan (one
of the other speakers) and Yuri Suhov (who came in from UC Davis [where he’s
visiting from Cambridge Univ.] for one day to the workshop). This discussion
led to the idea that this loop process, which we construct by a rather complicated
inductive procedure might have a more elegant description in which a single loop
process is combined with a Poissonization (conditioned on noncrossing). They
have been working through this idea since the conference and expect that it will
lead to some serious developments.

By all counts, the workshop was a great success. There were 47 registered partic-
ipants of whom 9 are women and 5 are from outside the U. S.

Schedule

Monday, December 5

9:15 Welcome

9:30 10:30 Peter D Lax: An abstraction of Saint Venant’s Principle

11:00-12:00 Harry Dym: Inverse problems for canonical systems of differential
equations

1:30-2:30 F. Alberto Grnbaum: From X-ray tomography to noncommutative al-
gebras of differential operators

2:30-3:30 Jonathan C. Mattingly: Degenerately forced stochastic fluid equations
and simple models with anomalous dissipation Break

4:00-5:00 Charles Newman: Scaling limit of two-dimensional critical percolation
5:00 Second Chances



Tuesday, December 6

9:30 10:30 Serguei Novikov: Topological Charge of The Sine-Gordon Solu-
tions

11:00-12:00 Paul Georges Malliavin: Stochastic differential geometry on the
group of diffeomorphisms of the circle

1:30-2:30 Pierre Van Moerbeke: From random matrices to stochastic pro-
cesses, via integrable systems

2:30-3:30 S. R. S. Varadhan: Homogenization of random Hamilton-Jacobi-
Bellman equations Break

4:00 Second Chances

Wednesday, December 7

9:30 10:30 Kirill Vaninsky: Hamiltonian formalism for integrable systems and
Riemann surfaces

1:00-12:00 Lai-Sang Young: Strange attractors in evolutionary PDEs

1:30-2:30 David Cai: A Kinetic Theory for Fluctuation Dominated Neuronal
Networks

2:30-2:45 Nicolas Ercolani: Loop Equations for the large N limit of Hermitean
Random Matrices

2:45-3:00 Harvey Segur: Waves in shallow water

3:00-3:15 Brian Rider: Noise limits for complex eigenvalue

3:15-3:30 Mark Alber: The Complex Geometry of Weak Piecewise Smooth
Solutions of a Class of Integrable Nonlinear PDE’s

4:00-4:15 Enrique Loubet: Integration of Individual Flows of the Camassa-
Holm Hierarchy and Genesis of Solitons

4:15-4:30 Victor Moll: Landen transformations

4:30-4:45 Mina Ossiander: Stochastic Representations and the Navier-Stokes
Equation

4:45- 5:00 Emma Previato: Genus Two Isomonodromy Garnier System as a
Higher Order Painleve VI Equation

3:30 5:00 Poster Session (Sproul Rooms)

Thursday, December 8
9:3010:30 Bjrn Birnir: Turbulent Flow of a Uniform Stream
11:00-12:00 Craig Tracy: The Airy and Pearcey Processes
1:30-2:30 Daniel Stroock: Some queer diffusions
2:30-3:30 Emma Previato: Commuting Partial Differential Operators
4:00-5:00 Igor Krichever: Integrable linear equations and Riemann-Schottky
type problems 5:00 Second Chances



Friday, December 9

9:3010:30 Anne Boutet de Monvel: NLS on the half-line: a Riemann-Hilbert
approach for the case of time-periodic boundary data

11:00-12:00 Nirenberg, Louis: A geometric problem and the Hopf Lemma

1:30-2:30 Mark A . Pinsky: Pointwise Fourier inversion in analysis and geom-
etry

3:00-3:30 Henry McKean: Why the Gauss distribution is a prime

By way of explanation of the many talks on Wednesday afternoon: at first it was
planned that there would be a poster session followed by a reception. Once the
poster session was under way several participants expressed the desire to hear the
poster presenters. So, as we had two rooms available at the time, we improvised
and set up 15 minute talks for each of the presenters in the adjoining room, so
that interested participants could go to hear them. As originally planned, the re-
ception began in the poster room at 4:00 PM. This turned out to work well, with
all participants making their preferences, while at the same time the talks all had
respectable audiences, and indeed were more like discussion groups than lectures.
Needless to say, there was much slippage in the schedule and the program lasted
beyond 6:00.



Final Report
Stringy Topology in Morelia
January 09,2006 to January 20,2006

Organized By: R. Cohen (Stanford), J. Morava (Johns Hopkins), A. Adem (UBC/UW--
Madison), Y. Ruan (UW-Madison); Local Organizers: M. Aguilar (UNAM-Mexico
City), D. Juan-Pineda (UNAM-Morelia), J.Seade (UNAM-Cuernavaca)

Introduction

This program was supported by the National Science Foundation as a Pan-American
Advanced Studies Institute. The first week, organized by E. Lupercio and B. Uribe, was
a training programdirected toward graduate students and young researchers, while the
second week was a research workshop, featuring presentations and discussions on new
results in the topology of strings.

New ideas in string theory, in particular D-branes and their relevance to open strings,
have in many ways revolutionized modern quantum field theory, but this subject is
currently highly heuristic: its formalization and mathematical development has barely
begun. The geometric naturality and flexibility of these concepts has fostered rapid
development, but their codification is completely open. Orbifolds, gerbes, and stacks are
all topics with well-established classical literatures, but the idea that they should be
grouped together, and that the various kinds of twistings they manifest are relevant to
physics, is a new idea in mathematics.

Structure

The central purpose was to introduce these concepts to young research mathematicians
from both South and North America. The introductory lectures given during the first
week provided the necessary background; supplemented, during the second week, with
overview lectures in the mornings preparatory to the research lectures on recent progress
in the afternoons. Many of the trainees in this program had attended a summer school in
String Theory, organized by Bernardo Uribe, at the University of the Andes in Colombia.
These participants were particularly well prepared for the program, and got a great deal
out of it. In all, there were 44 trainees supported by the NSF award, 8 of whom were
women. The breakdown by nationality is:

Country Trainees Male Female
Argentina 1 1

China
Colombia
France
Germany

Japan

Mexico

Peru

Spain

United Kindom
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United States 8 5 3
Uruguay 3 1 2
Venezuela 1 1

Totals 44 36 8

Including local participants, and those coming with other support, there were over 50
trainees. Most trainees remained for the second (research) week of the program.

The second week of the program served as the Introductory Workshop for the MSRI
program, Spring, 2006, in New Topological Structures in Physics. There were 28
researchers supported by the PASI award, 4 of whom are women, as follows:

Country Trainees Male Female
Argentina 1 1

Australia
Colombia
Denmark
Japan

Mexico
Netherlands
Russia

United Kindom
United States
Totals

1
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In total there were 108 participants. 88 male, 28 female.

Local Organization

The trainees were offered support for the entire two week program, and most remained
for the second week. They were housed at the Howard Johnson in Morelia, and took
their afternoon meals together with the researchers at the University Center. During the
first week this was followed by structured discussions with particular researchers. For the
Introductory workshop, the day was organized so that the lectue sessions took place in
the morning and evenings, and there was a three hour break in the afternoons. This turned
out to be ideal for informal discussions and get-togethers among the trainees and
researchers.

Trainees applied through a website set up by the local organizer, Danield Juan-Pineda.
Links to this website were available at various locations, including the MSRI site.
Researchers also registered and applied for funding through this website. There were 36
participants not supported by the PASI award. This includes 14 junior members of the
parent program at MSRI for the semester.



Schedule

Monday, January 9

8:30am - 9:00 Welcome

9:00am - 10am Introduction to algebraic topology (cell complexes, homology and
cohomology, manifolds) B. Uribe

10:30am -11:30am Introduction to algebraic topology (Transversality, Thom
isomorphism) E. Lupercio

12:00m - 1:00pm Introduction to algebraic topology (K-theory) B. Uribe

1:00pm - 4:00pm LUNCH

4:00pm — 6:00pm Discussion session with the lecturers.

Tuesday, January 10

9:00am - 10am Introduction to algebraic topology (Simplicial complexes) B. Uribe
10:30am -11:30am Introduction to Algebra (Algebras coming from physics, work of
Gerstenhaber) E. Lupercio

12:00m - 1:00pm Introduction to Algebra (Operads, BV algebras) E. Lupercio

1:00pm - 4:00pm LUNCH

4:00pm — 6:00pm Discussion session with the lecturers.

Wednesday, January 11

9:00am - 10am Twisted K-theory (I) C. Teleman
10:30am -11:30am String Topology (I) V. Godin
12:00m - 1:00pm A” -algebras (I) J. McClure

1:00pm - 4:00pm LUNCH

4:00pm - 4:30pm Discussion session with C. Teleman.
4:30pm - 5:00pm Discussion session with V. Godin.
5:30pm - 6:00pm Discussion session with J. McClure.

Thursday, January 12

9:00am - 10am Loop Groups (I) N. Kitchloo

10:30am -11:30am Twisted K-theory (II) C. Teleman
12:00m - 1:00pm A” -algebras (1I) J. McClure
1:00pm - 4:00pm LUNCH

4:00pm - 4:30pm Discussion session with N. Kitchloo
4:30pm - 5:00pm Discussion session with C. Teleman
5:30pm - 6:00pm Discussion session with V. Godin.

Friday, January 13

9:00am - 10am String Topology (II) V. Godin

10:30am -11:30am Loop Groups (II) N. Kitchloo
12:00m - 12:30pm Discussion session with V. Godin.
12:30pm - 1:00pm Discussion session with N. Kitchloo.
1:00pm - 4:00pm LUNCH



Monday, January 16

9:00am - 10am Peter Teichner, Generalized Cohomology and Quantum Field Theory, I
10:30am -11:30am Dennis Sullivan, String topology at level I

11:45am - 12:45pm Ulrike Tillman, Configurations and Cobordism Theories

4:00pm-4:45pm, Nitya Kitchloo, TBA
5:00pm-5:45pm, Jorge Devoto, K3-cohomology and elliptic objects
6:00pm- 6:45pm, Parallel Discussions
Craig Westerland, Equivariant operads and string topology
Christopher Douglas, Semi-infinite Homotopy Theory

Tuesday, January 17

9:00am - 10am Peter Teichner, Generalized Cohomology and Quantum Field Theory, II
10:30am -11:30am Dennis Sullivan, String topology at level II

11:45am - 12:45pm Soren Galatius, The Space of Graphs and Homology of Aut(F,)

4:00pm-4:45pm, Ezra Getzler, Homotopy Frobenius Manifolds and BV Algebras
5:00pm-5:45pm, Veronique Godin, Towards Parametrized String Topology Operations
6:00pm- 6:45pm, Parallel Discussions

Vassily Gorbounov, TBA; Antonio Ramirez, TBA

Wednesday, January 18

9:00am - 10am Stephan Stolz, Generalized Cohomology and Quantum Field Theory, III
10:30am -11:30am Kenji Fukaya, Loop Space, Floer Theory of Lagrangian Submanifolds
11:45am - 12:45pm Mikhail Kapranov, TBA

Thursday, January 19

9:00am - 10am Michael Hopkins, Topological Examples of Topological Field Theories, I
10:30am -11:30am Dan Freed, TBA

11:45am - 12:45pm Jim McClure, TBA

4:00pm-4:45pm, Matthewu Ando, TBA
5:00pm-5:45pm, Nathalie Wahl, Mapping Class Groups of Non-orientable Surfaces
6:00pm- 6:45pm, Parallel Discussions
Bernardo Uribe, Extended Tangent Bundles in Generalized Complex Geometry
Nora Ganter, Orbifold Genera, The K(n)-local Categories

Friday, January 20

9:00am - 10am Michael Hopkins, Examples of Topological Field Theories, 11

10:30am -11:30am Constantin Teleman, The Structure of Semi-simple 2D Field Theories
11:45am - 12:45pm Izak Moerdijk, Extensions of Lie Groupoids and Nonabelian
Cohomology

4:00pm-4:45pm, Ernesto Lupercio, Orbifold String Topology
5:00pm-5:45pm, Paul Norbury, Volumes of Moduli Spaces of Hyperbolic Surfaces
6:00pm- 6:45pm, Miguel Xicotencatl, Orbifold Operations in String Topology



Introductory Workshop: New Topological Structures in Physics
January 16-20, 2006

Titles and Abstracts
Series of Lectures

Michael Hopkins: Topological Examples of Topological Field Theories

I will describe open-closed topological conformal field theories and several examples that
come up in homotopy theory.

Dennis Sullivan: String topology at levels L1l and III

The original transversality idea leads to string topology at the first level: partial chain
operations in the loop space associated to certain graphs called string diagrams. Perturbed
transversality leads to string topology at the second level: fully defined operations for an
extended set of diagrams obtained by taking all limits. There is a vanishing result for most
of the new diagrams. Using the propagator of the perturbation leads to the third level:
operations defined for chains on open moduli spaces with two types of nonvanishing terms
at infinity. One is absorbed by partially compactifying moduli space. From the chains on
this modified moduli space and the appropriate chains in the string space one constructs,
by gluing, chains in a type of Weyl algebra. Applying duality to moduli space yields an
element m in the Weyl algebra that satisfies 9m = m?2. We will discuss the case of closed
strings and only indicate directions for open strings.

P. Teichner and S. Stolz: Generalized cohomology and quantum field theory

We shall survey an interpretation of certain spaces of super symmetric (susy) quantum field
theories as the classifying spaces for generalized cohomology theories. In joint work with
Stephan Stolz, we prove that the space of susy I-dimensional field theories is a classifying
space for K-theory and we propose a picture for susy 2- dimensional field theories as clas-
sifying space for elliptic cohomology, or more precisely, for the theory TMF of ”topological
modular forms” of Hopkins and Miller. There is also a relation of susy O-dimensional field
theories with deRham cohomology.

Individual Lectures

F. Cohen: On the homology of spaces of knots in dimension 3 (joint work with R. Budney)

Let K31 denote the space of long knots in R® with the path component of the long knot
f denoted K3 1(f)

(1) The homology of the space ofK3; with (a) coeflicients in the rationals is a free
Poisson algebra and (b) with coefficients in the field with p elements is a free restricted
Poisson algebra.

(2) The growth of p-torsion in the integral homology of K3 ;(f) is a reflection of a
kind of complexity of the knot.



(3) Related speculation will be given concerning the above and connections to a Lie
algebra of T. Kohno together with results of Berrick, Wong, Wu and the speaker regarding
braid groups and the loop space of the 2-sphere.

J. Devoto: K3-cohomology and elliptic objects

K 3-cohomology is a generalized cohomology associated to K3 surfaces. We shall discuss
the definition and construction of K3-cohomology and outline a possible geometric inter-
pretation which generalize the idea of elliptic objects of G. Segal.

C. Douglas: Semi-Infinite Homotopy Theory

String homology studies finite-dimensional cycles in the free loop space. Floer homology
by contrast involves semi-infinite-dimensional cycles in, for example, the free loop space.
Ordinary stable homotopy is well suited to describing string topology (as demonstrated
for instance by Cohen and Jones’ homotopy-theoretic realization of the loop product), but
ill suited for describing Floer topology. We define and describe the foundations of a semi-
infinite stable homotopy theory more closely connected than classical stable homotopy to
the geometric structures arising in Floer theory.

D. Freed: TBA

K. Fukaya: Loop space and Floer theory of Lagrangian submanifolds

Using the L., algebra of Loop space homology introduced by Chas- Sullivan, a de Rham
version of Floer homology of Lagrangian submanifolds will be discussed. It has several
applications to symplectic topology. But in this talk I would like to focus its application
to some aspects of Mirror symmetry and also explain how it unifies various approaches to
study Lagrangian submanifolds using pseudo-holomorphic discs. I will also explain how to
include interior marked points to the story based on the resent progress of the joint work
with Oh-Ohta-Ono.

S. Galatius: The space of graphs and homology of Aut(F},)

N. Ganter : Orbifold genera, the K (n)-local categories, product formulas and power
operations

I will talk about the connection between the string theoretic notions of orbifold genera and
their product formulas to stable homotopy theory.

E. Getzler: Homotopy Frobenius manifolds and Homotopy BV algebras

Stasheff introduced A algebras as a homotopy generalization of differential graded asso-
ciative algebras: a complex chain homotopy equivalent to an A>° algebra is an A alge-
bra. In this talk, I present analogous constructions for Frobenius manifolds and Batalin-
Vilkovisky algebras, due respectively to myself and to Tamarkin and Tsygan. It turns out
that Frobenius®™ manifolds form a subcategory of BV °° algebras, an analogue in homo-
topical algebra of coupling to topological gravity.
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V. Godin: Towards parameterized string topology operations

This is a presentation of work in progress with Antonio Ramirez. Using a graph-model
for the moduli spaces of Riemann surfaces, we will define operation in the homology of
the loop space of a manifold. We will also explain how these operations should give a
homological conformal field theory.

V. Gorbounov: Elliptic genus test for mirror symmetry

At the level of topological quantum field theories mirror symmetry partners have been
identified for a large class of manifolds. The work of Hori and Vafa is a good reference for
these results. Investigations beyond the level of the topological theories is difficult because
of the lack of mathematical structure describing quantum field theories. The chiral de
Rham complex is a good approximation to such a description. The elliptic genus is an
important characteristic of the chiral de Rham complex. In this talk we describe the test
for Hori-Vafa’s construction of mirror partners from the point of view of the chiral de
Rham complex. Our results refine Hori- Vafa’s conclusions. As an application to topology
we calculate the elliptic genus for a large class of complete intersections in toric varieties
in terms of the mirror Landau-Ginsburg orbifold.

E. Lupercio: Orbifold String Topology

In this talk we put forward a generalization of String Topology in which the manifold is
replaced by an orbifold. Several themes that appear both in orbifold string theory and
in the Chen-Ruan cohomology make their appearance here as well: discrete torsion and
twisted sectors, for example. The theory can be thought of as a sort of equivariant version
of String Topology. This is joint work with Bernardo Uribe and Miguel Xicotencatl.

I. Moerdijk: Extensions of Lie Groupoids and Non abelian cohomology

I will present a classification of regular Lie groupoids. The main ingredients are the
extensions of bundles of Lie groupoids on which the holonomy of a certain foliation acts,
and principal bundles under bitorsors over such a bundle of Lie groupoids.

P. Norbury: Volumes of moduli spaces of hyperbolic surfaces

The moduli space of genus g curves with n marked points can be reformulated as the
moduli space of genus g hyperbolic surfaces with n cusps. This viewpoint brings a sym-
plectic structure to the moduli space, so in particular volume makes sense. Mirzakhani
calculated the volume of a more general moduli space -the moduli space of genus g hyper-
bolic surfaces with n geodesic boundary components of specified lengths - and showed that
it is a polynomial in the boundary lengths. Mirzakhani showed the coefficients in these
polynomials are related to the intersection numbers on the moduli space and used this to
reprove the Witten-Kontsevich theorem. I will explain this work and further consequences
of the hyperbolic geometry on intersection numbers.

C. Teleman: The structure of Semi-Simple 2D field theories
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B. Uribe: Extended tangent bundles in Generalized complex geometry

I will talk on my recent work with Shengda Hu, on the equivalence of generalized extended
structures and twisted generalized complex structures. This relation could be seen as a
duality on which one side is a geometric construction and on the other, algebraic. To make
the talk accessible I will give a brief summary on the work of Hitchin and Gualtieri in
generalized complex manifolds.

A. Ramirez: Open-closed string topology

The area of string topology began with a construction by Chas and Sullivan of previously
undiscovered algebraic structures on the homology H},, of the free loop space of an ori-
ented manifold M. Among other results, Chas and Sullivan showed that H},, suitably
regraded carries the structure of a graded-commutative algebra. The product pairing was
subsequently extended by Cohen and Godin into a form of topological quantum field theory
(TQFT). Open-closed string topology, first sketched by Sullivan, arises when considering
spaces of paths in M with endpoints constrained to lie on given submanifolds (the so-called
D-branes). In this talk, I describe a way to extend the TQFT structure of string topology
into an analogue of TQFT which incorporates open strings. The method of construction
is homotopy theoretic, and it makes use of constrained mapping spaces from fat B-graphs
(which T define) into the ground manifold M.

U. Tillmann: Configurations and cobordism categories

A classical theorem of Graeme Segal identifies the configuration space of points in R*>
- after group completion - with the space of stable maps from the sphere to a sphere.
Points are naturally O-dimensional manifolds. We will generalize this to all dimensions
n. The case n = 2 is closely related to the theorem of Madsen and Weiss which implies
the Mumford conjecture. This is joint work with Ib Madsen, Soren Galatius and Michael
Weiss.

A. Voronov: The master equation of open-closed sigma model

We report on a joint work with Javier Zuniga, which describes the quantum master equa-
tion of open-closed sigma model, generalizing results of Zwiebach and Sullivan to the
open-closed case. Mathematically speaking, the master equation governs the boundary
structure of the moduli space of holomorphic maps from Riemann surfaces with boundary
to a fixed compact, complex manifold, subject to boundary conditions given by a set of
Lagrangian submanifolds(a.k.a D-branes).

N. Wahl: Mapping class groups of non-orientable surfaces

We prove that the homology of the mapping class groups of non-orientable surfaces sta-
bilizes with the genus of the surface. Combining our result with recent work of Madsen
and Weiss, we obtain that the classifying space of the stable mapping class group of non-
orientable surfaces, up to homology isomorphism, is the infinite loop space of a Thorn
spectrum built from the canonical bundle over the Grassmannians of 2-planes in R™12.
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In particular, we show that the stable rational cohomology is a polynomial algebra on
generators in degrees 4i—this is the non-oriented analogue of the Mumford conjecture.

C. Westerland: Equivariant operads and string topology.

The free loop space LM of a manifold M admits an action of the circle by rotating
loops. We show that its equivariant homology is an algebra over the Getzler’s gravity
operad, constructed from the moduli spaces of points in the Riemann sphere. Moreover,
we describe a general procedure for constructing new operads akin to the gravity operad
and make some conjectures regarding their application to higher dimensional analogues of
string homology.

M. Xicotencatl: Orbifold operations in string topology

In recent joint work with Ernesto Lupercio and Bernardo Uribe, we have defined a BV
algebra structure in the homology of the free loop space of an orbifold. In this talk we
look at the case of the global quotient given by the action of the symmetric (or the cyclic
group) on the p-th power of a manifold M and show how this can be used to produce
operations in the homology of LM.



Final report
Introductory Workshop on Rational and Integral Points on Higher-Dimensional
Varieties, January 17-21, 2006,

Organized by Jean-Louis Colliot-Théléne, Roger Heath-Brown, Janos Kollar, Bjorn
Poonen (chair), Alice Silverberg, and Yuri Tschinkel.

This workshop consisted of 22 expository lectures, intended to give participants the "big
picture” regarding what is known and conjectured about rational and integral solutions to
systems of multivariable polynomial equations. The lectures covered many different
aspects of the subject, including, for instance, cohomological methods (Selmer and
Shafarevich-Tate groups, Brauer-Manin obstruction, etc), analytic methods (the circle
method), connections with complex algebraic geometry, and enumeration of arithmetic
objects (e.g., the Manin conjecture).

The graduate students we spoke to were very positive about the workshop. They
commented that the talks were mostly given by good speakers, and were at a very good
level for them to understand. Several senior experts in the field remarked that they too
learned from many of the talks: because of the diversity of techniques represented, it is
likely that everyone present could learn something.

Often a lecture would end with a sizeable group continuing a discussion with the speaker
afterwards, and in a few cases these formed the seeds for further investigations later in
the MSRI semester. For instance, Lucia Caporaso's lecture engendered interest in recent
conjectures of Frédéric Campana concerning potential density of rational points, and this
interest was fueled further by MSRI lectures given by Campana himself during the
following weeks; finally this has led a small group of researchers at MSRI (including
both senior mathematicians and an MSRI postdoc) to collaborate on developing new
questions and conjectures and a few results, some of which will be discussed in a follow-
up informal "brainstorming session" being held at MSRI this month.

Because in January the new Simons Auditorium at MSRI was still under construction, the
workshop was held in the International House Auditorium, following the
recommendation of MSRI staff. (One lecture, doubling also as a special mathematics
department colloquium, was held in Sibley Auditorium in Bechtel Hall, adjacent to the
mathematics department building on the Berkeley campus.) Some participants
commented on the lack of offices, lack of library, and limited computer access at the
workshop location, but of course these inconveniences were unavoidable. There were
also some glitches in the audio equipment used for amplification of speakers, but on the
positive side, the location worked well as far as the visual aspects of the mathematical
presentations were concerned (each was delivered using either video projection from a
laptop, or overhead projection of transparencies). Having teas in the back of the
auditorium led to participants spending time between talks in the same general area,
which encouraged interaction.



Most of the funding for the workshop came from the NSF (through MSRI), but we
received also a $5000 grant from the Number Theory Foundation to help support
graduate students and other young mathematicians who otherwise might have been
unable to attend.

There were 103 registered participants, of whom 18 were women and 13 from outside the
United States.

Schedule of the workshop.

Tuesday, January 17

TUESDAY JANUARY 17

9:45-10:35 Poonen: Introduction to rational points
11:00-11:50 Silverman: Height functions — introduction

2:00-2:50 Rubin: Mordell-Weil, Selmer, and Shafarevich-Tate groups

3:30-4:20 Caporaso: Uniformity of rational points

4:30-5:20 Wooley: The circle method counts for rational points - The Hasse Principle and
Weak Approximation via the major arcs

Wednesday, January 18
9:30-10:20 Poonen: Hilbert's Tenth Problem
11:00-11:50 Silverman: Height functions - further topics

2:00-2:50 Rubin: The Birch and Swinnerton-Dyer conjecture

3:30-4:20 Harari: A few reciprocity laws in number theory

4:30-5:20 Wooley: The circle method counts for rational points - Asymptotic formulae
via minor arc estimates

Thursday, January 19
9:30-10:20 Harari: The Brauer group of a variety
11:00-11:50 Caporaso: Classification of complex projective varieties

2:00-2:50 Baker: Geometry of points over Qbar of small height, I
4:10-5:00 Heath-Brown: Counting rational points and the Manin conjecture, |
(U.C.Berkeley colloquium)

Friday, January 20
9:30-10:20 Harari: Abelian and non-abelian descent
11:00-11:50 Hassett: Rationally connected varieties

2:00-2:50 Parimala: Arithmetic of linear algebraic groups, their homogeneous spaces, |
3:40-4:30 Heath-Brown: Counting rational points and the Manin conjecture, Il

Saturday, January 21
9:30-10:20 Hassett: Potential density



11:00-11:50 Parimala:Arithmetic of linear algebraic groups, their homogeneous spaces, Il
2:00-2:50 Ellenberg: Counting arithmetic objects
3:20-4:10 Baker: Geometry of points over Qbar of small height, I1



Final report on the
Graduate Student Warm-up Workshop
held at the University of Washington,

July 18-22, 2005

Douglas Lind, Sandor Kovécs, Tony Pantev, Ravi Vakil
December 6, 2005

From the onset the 'Introductory Graduate Workshop in Algebraic Ge-
ometry’ was designed to deviate from the tradition of similar mathematical
meetings. The main function of the workshop was formative and provoca-
tive rather than informative and recording. As a preamble to the 2005 AMS
Summer Institute in Algebraic Geometry the workshop aimed to prepare a
workforce of motivated graduate students for the in-depth presentations of
cutting edge research in algebraic and arithmetic geometry and for the new
trends, challenges and open problems the subject has to offer. In that respect
the workshop was very successful. The lectures and the formal and informal
study group meetings throughout the program not only streamlined and or-
ganized the exciting new discoveries in birational geometry, moduli theory,
arithmetic geometry, algebraic cycles and stringy geometry, but also man-
aged to tune up the creative energies of of the research groups participating in
the workshop in a cohesive thrust to understand the newly emerging aspects
of all of the subjects involved.

The workshop concentrated on the topics highlighted by the participants
of the Summer Institute and aimed to provide a thorough preparation and
hands-on experience in the current research in algebraic geometry. This was
done both on the conceptual and the technical levels. The hundred and
twenty plus graduate students participating in the program were selected
from a very competitive list of almost two hundred applicants from lead-
ing research institutions in the US and Europe. The students all had some
background and scholarly experience in algebra and geometry but came with
a different level of knowledge and represented a wide spectrum of research
interests. Following the idea that the workshop should serve as boot camp
for the battlefield of the AMS Summer Institute, the participating students



were split into working groups that met daily and under the guidance of a
specially selected mentor worked their way through one of the focus subjects
selected for discussion in the AMS Summer Institute. The working groups
met for three and a half hours every day for a week and featured presenta-
tions by the participants on various facets of the selected topic, starting with
the foundational techniques and main examples and ending with real-life
calculations and discussion of open problems and novel approaches. Many
interesting topics and current research directions were covered during these
working sessions. The discussions ranged from such classical subjects as
Schubert calculus, rational points on elliptic curves, the minimal program
and Brill-Noether theory to such modern and innovative subjects as alge-
braic stacks, combinatorial positivity, Gromov-Witten theory, jet schemes in
singularity theory, stringy geometry and algebraic foliation theory,

We were very lucky to have Herb Clemens (Ohio State University) on hand,
advising the mentors and the organizers and even helping out in the drop-in
center during the AMS Summer Institute.

We were evenly lucky in being able to recruit some exceptional mathe-
maticians as mentors for our working groups. They are:

e Daniel Allcock (University of Texas)

e David Ben-Zvi (University of Texas)

e Jim Bryan (UBC)

e Linda Chen (Ohio State University)

e Ron Donagi (University of Pennsylvania)
e Gavril Farkas (University of Texas)

e Angela Gibney (University of Pennsylvania)
e Tom Graber (UC Berkeley)

e Brendan Hassett (Rice University)

e Stefan Kebekus (University of Cologne)
e Elena Mantovan (UC Berkeley)

e James McKernan (UC Santa Barbara)

e Ezra Miller (University of Minnesota)

e Mircea Mustatd (University of Michigan)



e Mike Roth (Queens University)

e Tom Weston (University of Massachusetts)

It was important to select a group of mentors who are not only leading
experts in the respective topics but also had the necessary dynamic persol-
nality to lead a working group. Ultimately the success of the program was a
result of the inspired leadership and dedication of our mentors who managed
to build cohesive research teams in the short time alloted to them.

The complete list of topics and problems discussed in the working groups
can be found at

http://math.stanford.edu/"vakil/agbc/ac_prog.html

Besides the working groups the Introductory Workshop featured an im-
pressive sequence of morning lectures delivered by the mentors. Each of these
one hour lectures was carefully designed to present a new research facet of
the vast surface of modern algebraic geometry and to serve as a mini in-
troduction to the most promising and exciting questions to be discussed at
the AMS Summer Institute. The lectures were religously attended by all
the participants and generated many lively informal discussions during the
coffee hours and the many informal evening gatherings. A list of the morning
lectures together with a complete set of lecture notes can be found at

http://math.stanford.edu/"vakil/agbc/notes.html

Last but not least the Introductory Workshop continued to provide addi-
tional help and guidance to graduate students throughout the full duration
of AMS Summer Institute. Twice a week during the different activities of the
AMS Institute we organized a drop-in math clinic. The clinic was staffed by
advanced graduate students who participated in the Introductory workshop
and who were available to answer questions and provide help to begining stu-
dents on topics appearing in the main lecture series of the Institute. These
drop-in sessions turned out to be a valuable resource for the junior partici-
pants in the Institute and were attended by about thirty people in any given
evening.

APPENDIX: FINANCIAL RESOURCES

We are very grateful for the funding from the following sources which made
of all this possible:

Clay Mathematics Institute $20,000
Mathematical Sciences Reaserch Institute $10,000
NSF Grant DMS-0532666 $20,000
Pacific Institute for the Mathematical Sciences $8,000
UW NSF VIGRE Grant $10,000



Final Report
Mathematical Graphics: Introduction to Java
The MSRI Summer School
Reed College, June 18 - July 2, 2005

Organized by David Austin, Bill Casselman and Jim Fix.

The first week consisted of a dense set of lectures in the mornings by David Austin, Jim
Fix, and myself on (respectively) Java, graphics algorithms, and PostScript; there wre
also a few talks specifically aimed at proper style in mathematical drawing. The lectures
were followed in the afternoons and evenings by work in the computer labs.

One thing we did this time different from last was to ask people to show up one day
early so we could all take a hike in one of the semi-wild parks of Portland in order to get
to know each other. The main effect of this was to unite the students against the marine-
drill instructors they realized they were getting; one student lamed herself slightly by not
being well-equipped enough for the walk, and had to be brought back by car. Oddly
enough they forgot all the hostility raised by this, because almost everybody went along
on an extremely pleasant walk in the Columbia Gorge the next weekend. I attach a
picture of our happy campers in the Gorge, at a place called Twin Falls.

Again, as last time, the students chose projects at the end of the first week. In the second
week there were few formal lectures, but just mostly student project work, finishing off
the week with presentations. All went pretty well; as last time, there were a few really
pleasant suprises from students who didn't seem to be working as hard as they actually
were, and turned up with great stuff.

We had this time semi-public lectures by David Austin, David Wright, and Yvan Saint-
Aubin. They were reasonably well attended by local population, although none were as
poular as the one last time on Escher. David Wright had a brilliant if rather risky idea -
he started off his talk in a very dull, normal mathematics style that had everybody
wondering if they'd come to the wrong room, but then recovered with a spectacular
collection of pictures related to his book "Indra's Pearls." Dvaid Austin opened up with
pleasant still pictures showing various theme involving Penrose tiles, but drew a gasp
from the audience when all of a sudden things started to move (in order to demonstrate
the inflation/deflation process, normally very hard to explain). Yvan gave a talk that was
basically an expansion of the talk he gave before, but with more things worked out. All
three were very good (I thought).

Reed College proved again to be just about ideal. There were some potential dietary
problems — one of the Australians was a reasonably strict Moslem — but in fact Reed is
well adapted for that sort of thing.

For detail on the program and in particular, to see the student projects, go to
http://merganser.math.gvsu.edu/david/reed05/. There were 22 participants, of whom 8
were women and 3 from under represented minorities.
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Thursday, June 23, 2005, 7:30 PM, Playing Penrose’ Tile Game, David Austin, Grand
Valley State University

In the 1970's, Roger Penrose found a set of tiles that cover the plane in beautiful and
remarkable ways. Perhaps even more surprising was the realization a few years later that
these tilings could explain new phenomena in crystallography. This talk will describe
Penrose tilings and explain the fundamental idea responsible for their behavior as well as
a method for constructing them. Don't be left out on the tiles!

Monday, June 27, 2005, 7:30 PM, The Mathematics of Music, Yves St.-Aubin,
Universite de Montreal

Among all the sounds that our brains process, musical sounds are particularly simple. But
as simple as they are, they do have a structure that is surprising to most of us!
Mathematics provides a tool to probe this structure.

Wednesday, June 29, 2005, 7:30 PM, The Art of Enumerating, David Wright, Oklahoma
State University

In the latter nineteenth century, geometry underwent a radical shift from a study of
shapes to a study of the transformations that change one shape into another, or that leave
a shape unchanged. For particular shapes, these transformations can have a delicate
relationship with one another, and just the abstract enumeration of all the possible
combinations of the transformations can be difficult to accomplish in both theoretical and
practical senses. We will discuss some of the modern theory of groups of transformations
and their practical enumeration by finite state automata, and the beautiful computer
graphic images that come from these groups.

Student Projects

A Quick Look at Wavelets, Ariyani Sutejo, University of New South Wales
Why Water Expands When It Freezes, Henry Boateng, University of Michigan
The Group of Symmetries of the Square, Erin Carmody, University of Kansas

Some Properties of Brownian Motion, Andrew Coe, Oregon State University and
Han Zhang, University of New South Wales

Stereographic Projection Maps Circles to Circles, Marisa Delvaille, UC Riverside
Winning Strategies for Green Hackenbush, Rachel Esselstein, Dartmouth College
Generalized Penrose Tilings as Projections, J.T. Halbert, University of Maryland

Rational Trigonometry and Geometry on Finite Fields, Chris Halse Rogers,of New South
Wales



Sampling and Aliasing in One Dimension, Matt Herman, San Francisco State University
and the Delta Train Singers

Convolutional Codes, David Jimenez, Georgia Institute of Technology

Geometric Inversion, Helena Kauppila, Columbia University

An Adaptive Algorithm for Drawing Level Curves, Jiho Kim, Indiana University
The Method of Steepest Descent, Sanja Pantic, University of Illinois at Chicago
Level Sets and Weierstrass Curves, Jim Pettigrew, University of New South Wales
Digital Image Filtering, Alexander Samborskiy, University of Missouri

The Green Flash, Anusha Sekar, University of Washington and Stephen Taylor, Brigham
Young University

The Complex Function cot(Pi z), Eunju Sohn, University of Illinois at Chicago
Fluid Flows in Porous Media, Svetlana Tlupova, Tulane University
Adventures on the Complex Plane, Grace Wang, University of British Columbia

The Fourier Transform Method to find the Graphic difference in different segments of
DNA sequences, Bo Zhao, University of Illinois at Chicago






SUMMER SCHOOL IN COMMUTATIVE ALGEBRA: LOCAL
COHOMOLOGY AND ITS INTERACTIONS WITH ALGEBRA,
ANALYSIS, AND GEOMETRY

ANURAG K. SINGH AND ULI WALTHER

1. SUMMARY

This is a report on the two-week summer school for graduate students organized
at Snowbird, Utah, June 20-June 30, 2005 by Singh and Walther. This summer
school took place under the umbrella of the Joint AMS-IMS-SIAM Summer Re-
search Conference series, with additional support provided by MSRI.

The summer school included a workshop with twenty-four lectures on local co-
homology delivered by seven speakers including the organizers. There were several
scheduled as well as unscheduled problem sessions during this part of the summer
school. This was followed by a three day conference, where the speakers were na-
tional and international senior researchers in local cohomology and related areas.
In addition to the workshop and conference speakers, the workshop was attended
by thirty-eight graduate students, and two other young researchers within five years
of their Ph.D. degrees. Of these forty participants, seventeen were women. The
evaluations and comments submitted to the AMS by the participants have been
extremely enthusiastic.

Thanks to the two sources of funding, we were able to cover the local costs of all
participants, and accommodate various requests for travel support.

In the process of organizing, we had support from the AMS conference coordi-
nator, Wayne Drady, and the members of our Advisory Committee: Mel Hochster,
Craig Huneke, Joe Lipman, and Paul Roberts. We are grateful for their guidance
and help. We would also like to take this opportunity to thank Jim Maxwell at
AMS and David Eisenbud and Hugo Rossi at MSRI for their support.

2. MATHEMATICAL FOCUS AND ACTIVITIES

The summer school was centered around local cohomology theory, and intended
for graduate students interested in various branches of mathematics. The focus
area of the workshop lies at the intersection of commutative algebra, homological
algebra, algebraic geometry, and algebraic topology. Local cohomology theory has
developed remarkable connections with areas of group cohomology, the analysis and
algebra of torus actions on manifolds, and the theory of algebraic systems of partial

differential equations. The summer school highlighted several of these connections.
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The workshop lectures started with basic notions in commutative algebra, lead-
ing up to Grothendieck’s theory of local cohomology and its applications, and were
designed to be accessible to students with a first course in commutative algebra or
algebraic geometry. They included topics such as the number of defining equations
of algebraic sets, connectedness properties of algebraic sets, connections to sheaf co-
homology and to de Rham cohomology, Grobner bases in the commutative setting
as well as for D-modules, the Frobenius morphism and characteristic p methods,
finiteness properties of local cohomology modules, semigroup rings and polyhedral
geometry, and hypergeometric systems arising from semigroups.

Introductory lectures and problem sessions. These constituted the first part
of the summer school, and covered the interval June 20—June 27, 2005, with a break
on June 25, which was devoted to a hike. There were twenty-four lectures during
this period, which were delivered by seven mathematically young researchers (that
is, with Ph.D. degrees received between 1997 and 2003):

e Srikanth Iyengar, University of Nebraska
e Graham Leuschke, Syracuse University

Anton Leykin, University of Illinois at Chicago
e Claudia Miller, Syracuse University

e Ezra Miller, University of Minnesota

e Anurag K. Singh, University of Utah

e Uli Walther, Purdue University

This was a planned and coordinated lecture series, and detailed lecture notes, in-
cluding exercises, had been prepared ahead of time. There were four scheduled
problem sessions, coordinated by the speakers above, but we found ourselves having
extended problem and discussion sessions essentially every evening. The graduate
students displayed remarkable energy and enthusiasm, and these sessions exceeded
three hours on most occasions.

Conference. The last three days, June 28-30, were devoted to a conference fea-
turing lectures on specialized topics related to the material covered earlier. The list
of conference speakers is provided below:

e Markus Brodmann, Universitat Ziirich

e Ragnar-Olaf Buchweitz, University of Toronto

e Phillippe Gimenez, Universidad de Valladolid

e Gennady Lyubeznik, University of Minnesota

e Paul Roberts, University of Utah

e Peter Schenzel, Universitiat Halle

e Rodney Sharp, University of Sheffield

e Ngo Viet Trung, Institute of Mathematics, Hanoi
e Keiichi Watanabe, Nihon University

e Santiago Zarzuela, Universitat de Barcelona
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The conference speakers had designed their talks keeping in mind that the majority
of the audience consisted of graduate students; specifically, there were several broad-
ranging expository and survey talks. Besides becoming acquainted with current
research problems, one of the purposes of the conference was to give the students an
opportunity to meet and discuss with recognized experts in an informal atmosphere.
The conference appears to have been very successful in this regard as well.

Lecture notes. Notes for the lectures, 204 pages at that stage, were prepared
ahead of time and made available to the participants of the summer school. These
are currently being expanded and recast, and will appear in the AMS Graduate
Studies in Mathematics series as the book Twenty-four hours of local cohomol-
ogy, with seven authors, S. Iyengar, G. Leuschke, A. Leykin, C. Miller, E. Miller,
A. K. Singh, and U. Walther.

3. PARTICIPANTS

The workshop was widely advertised using the Notices of the AMS, posters, an-
nouncements on AMS and MSRI web-pages, e-mail sent by MSRI to its academic
sponsors, e-mail announcements sent by the organizers to over 50 mathematics de-
partments, and using the commutative algebra web-site http://www.commalg.org,
which is accessed over 50,000 times per month. Registration and related informa-
tion was provided on the conference web-page
http://www.math.purdue.edu/~walther/snowbird.html.

We received over a hundred applications. Since space at Snowbird is limited,
the selection process was somewhat difficult. When making decisions, we often
consulted with senior mathematicians, including the Advisory Committee, and at-
tempted to get a diverse group of students. Towards this, we sometimes selected
students working in related areas such as K-theory and group cohomology over
those working directly in commutative algebra.

The final participant list consists of the seven workshop speakers, ten conference
speakers, thirty-eight graduate students, and two other young researchers, who were
in the Salt Lake City area, and were accommodated when space became available
later due to cancellations by a few graduate students.

4. FACILITIES AND SUPPORT

We believe this is the first time that Snowbird has hosted a two-week event
under the Joint Summer Research Conference series. All issues arising from this,
as well as the usual day-to-day details of the workshop and conference were handled
superbly by our conference coordinator, Wayne Drady. It was a pleasure to have
Wayne always available for information, support, or just a friendly chat.

Some of the participants expressed the hope that the wireless network would be
more widespread in future: it was accessible for free in a few parts of the Lodge at
Snowbird, but the wireless at Cliff Lodge involved a registration fee.
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The lecture rooms are not soundproof, and there were times when the outside
noise became jarring. The audio-visual equipment was fine, though we followed
the suggestions of previous organizers and raised the white-boards on chairs. Our
workshop overlapped partly with the one on Quantum graphs and their applications,
and after that ended, Wayne arranged for us to have four white-boards instead of
two; these were very welcome!

We were earlier concerned about budget constraints since this was a two-week
event, and most of the students did not have alternative means of support. The
additional support provided by MSRI ensured that this was not an issue. We thank
the MSRI and AMS for making this summer school possible.

DEPARTMENT OF MATHEMATICS, UNIVERSITY OF UTAH, 155 SOUTH 1400 EAST, SALT LAKE
City, UT 84112, USA
E-mail address: singh@math.utah.edu

DEPARTMENT OF MATHEMATICS, PURDUE UNIVERSITY, 150 N. UNIVERSITY STREET, WEST
LAFAYETTE, IN 47907, USA

E-mail address: walther@math.purdue.edu



MSRI Graduate Summer Program

CR Geometry: Complex Analysis Meets Real Geometry and Number Theory
July 25, 2005 to August 5, 2005. Organized by John D’Angelo.
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I. Interview of John D’Angelo (Organizer) by Jim Sotiros(MSRI) .

D’Angelo met with Sotiros on July 27 for an extended conversation, and they several
additional follow-up discussions. The following summarizes those conversations.

1. Scientific Background.

CR Geometry is a developing part of Complex Analysis. Even its name has an interest-
ing etymology. CR stands for Cauchy-Riemann, because of the role of the Cauchy-Riemann
equations in Complex Analysis. CR also stands for Complex-Real, because of the inter-
action between real and complex geometry. It is worth noting that Hugo Rossi, Deputy
Director at MSRI, was one of the founding workers in CR Geometry. The lectures given
and the exercises and research problems posed provided glimpses of deep mathematics as
well as accessible, yet interesting, elementary ideas.

2. Purposes.

The Program is intended to introduce graduate students to CR Geometry and to pose
research problems for their consideration. The 23 participating graduate students ranged
from those who had completed one year in graduate school to one who had just defended
his thesis. Most of the students were early in their graduate careers. Such MSRI programs
get students started on interesting, creative research early, thereby serving as an antidote
to the seemingly endless testing and course work.

3. Educational Benefits.

* Potential research success

* Increased enthusiasm for mathematics

* Finding a better fit regarding subject or advisor

* Excellent learning environment; accessible faculty and many peers in the same area.

The program forged friendships among graduate students at 19 Institutions, and
helped create a broad community in CR Geometry, reducing both personal and profes-
sional isolation.

4. The Special Role of MSRI.

These programs provide a mechanism for MSRI to improve graduate education, and
support the recent trend of mathematicians to do more joint work. MSRI can provide
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a place and opportunity for graduate students in mathematics programs everywhere to
interact. Graduate students participating in the Carnegie Initiative on the Doctorate have
mentioned such opportunities as a way to improve their education. Doctoral candidates
need to interact with research peers at other campuses. MSRI provides this opportunity.

5. Additional Comments

* Well-known research professors organized and participated in the program.

* Efficient use of funds

* MSRI’s location is inspiring, and proximity to UCB provides additional resources.

* The applications of CR Geometry continue to surprise. Some of the work discussed
may have applications to cryptography.

6. Follow-up.

The participants were given an exit feedback survey. The organizer intends to write a
detailed report on the scientific content. The lectures were videotaped, and are available
on-line through MSRI website and VMath service.

II. Lecture Schedule.

7-25-05
John D’Angelo (UIUC) “Proper Holomorphic Mappings and CR Geometry”
John D’Angelo “Some Open Problems concerning Proper Holomorphic Mappings”

7-26-05
John D’Angelo “Group Invariant Proper Mappings”
Peter Ebenfelt (UCSD) “Local CR Embeddings into Spheres”

7-27-05

Peter Ebenfelt “Levi Nondegenerate Hypersurfaces”

Dror Varolin (SUNY Stony Brook) “Proper Maps When the Image Dimension is
Large”

7-28-05

Dror Varolin “Hermitian Algebraic Functions and the Catlin-D’Angelo Theorem”
Jeff McNeal (Ohio State) “The Bergman Kernel and Scaling Methods in C™.”

7-29-05

John D’Angelo: Discussion Session

John D’Angelo “Primality Properties of Group Invariant Mappings”

8-1-05

Xiaojun Huang (Rutgers) “Rigidity Problems in CR Analysis: Survey”

Xiaojun Huang “Rigidity Problems in CR Analysis: II”

8-2-05

Bernhard Lamel (U. of Vienna) “Complexification, Segre varieties, and the X-variety”
John D’Angelo “Volumes of Holomorphic Images of Balls”

8-3-05



Graduate Student Led Sessions:
James Crispino
Jiri Lebl

8-4-05

Graduate Student Led Session:
Han Peters

Nilufer Koldan

Sonmez Sahutoglu

8-5-05
John D’Angelo: Discussion section
John D’Angelo: Summary of workshop activity

III. Scientific Summary

CR Geometry arose as a subject from the theory of functions of several complex
variables. It was clear already from the work of Levi and Hartogs (approximately 100
years ago) that the geometry of the boundary of a domain in complex Euclidean space
of dimension at least two plays a fundamental role in the function theory on the domain.
Researchers in complex analysis developed this subject from various points of view during
the twentieth century. In the 1960’s methods of Partial Differential Equations began to
play a significant role in complex analysis; these PDE methods led to the study of the
tangential Cauchy-Riemann equations, and thus toward CR Geometry.

A CR Manifold is a real manifold whose tangent spaces exhibit behavior analogous to
those of a real submanifold of a complex manifold. In this workshop nearly all CR manifolds
discussed were of hypersurface type, and thus modeled on the boundaries of domains in
complex Euclidean space. The main focus was on strongly pseudoconvex hypersurfaces
and especially the unit sphere. Much of the discussion at the workshop concerned CR
mappings to spheres, or CR mappings from hypersurfaces to spheres, and group-invariant
CR mappings from spheres to hyperquadrics. The following subjects all arose in some
manner: complex analysis, complex geometry, functional analysis, algebraic geometry, and
elementary number theory. A common theme in the workshop concerned the relationship
between the complexity of a CR mapping and the dimensions of its domain and target
manifolds.

The conference began with three lectures by John D’Angelo, organizer of the work-
shop. In the first he discussed the connection between the study of proper holomorphic
mappings and CR Geometry. He proved that the proper holomorphic mappings of the
unit disk are precisely the finite Blaschke products, and then asked what happened in
higher dimensions. He discussed the result of Alexander and Pinchuk that proper holo-
morphic self mappings of the unit ball in higher dimensions must be automorphisms. The
proof gives a good introduction to CR Geometry. From here it was natural to introduce
CR mappings between spheres of different dimensions. In the second and third lectures
D” Angelo posed several open problems concerning CR mappings between spheres, and
more generally, hyperquadrics.



Perhaps the most intriguing problem discussed at this workshop seeks to relate the
complexity of a CR mapping between spheres to the domain and target dimensions. One
precise formulation of this question arises by restricting to smooth, hence (by a result of
Forstneric) rational, mappings between spheres, and measuring complexity by the degree:

Conjecture. Suppose that 2 < n < N, and that f : C* — C is a rational mapping
such that f(S?"~1) c S2N~1. Show that deg(f) < c¢(n, N). Here ¢(2, N) = 2N — 3 and
c(n,N) ==L for n > 3.

This conjecture is difficult. There exist polynomial mappings realizing these bounds;
also, when n = 2 and the map is assumed to be monomial, the result is known. Several
of the graduate students became quite engaged with this problem, especially under the
restrictive but still nontrivial condition that f be a monomial mapping. They proved two
promising lemmas in this situation. The conjecture unifies many known results, including
rigidity results of Faran, Webster, Huang-Ji and others.

D’Angelo’s third lecture introduced group-invariant CR mappings. He described the
results in the case of spheres, and posed a problem related in a subtle sense to the above
conjecture. Let I' be a finite subgroup of the unitary group U(n). We first seek a noncon-
stant I'-invariant CR mapping to a sphere; for most I', however, no such maps exist. We
therefore allow the target to be a hyperquadric. There is a canonical CR mapping to a
particular hyperquadric H depending on I'. Is the number of positive and negative eigen-
values in the defining equation for H determined by this canonical mapping best possible?
This question again concerns the relationship between the complexity of a CR mapping to
the dimensions of the domain and target manifolds. These invariant polynomials lead to
polynomials with fascinating combinatorial and number-theoretic properties which were
discussed at several times in the workshop. One graduate got particularly engaged with
this problem, and wrote some Mathematica code to produce concrete formulas. Also during
this lecture D’Angelo outlined a proof, for a certain particular I', that the only I'-invariant
CR mappings to spheres were constant. A group of graduate students got together that
afternoon and filled in the details.

Peter Ebenfelt delivered the next two talks. The first concerned the basic question
whether a strongly pseudoconvex real hypersurface could be locally CR embedded in a
sphere; the answer is generally no. The students observed powerful methods involving
normal forms for the defining equations for such hypersurfaces. Ebenfelt’s second talk
involved Levi-nondegenerate hypersurfaces. These bear the same relation to hyperquadrics
as strongly pseudoconvex hypersurfaces do to the sphere. He proved a rigidity result (due to
Ebenfelt-Huang-Zaitsev) that generalizes one of the results of Faran discussed by D’Angelo
in his second lecture. Thus Ebenfelt’s lectures meshed well with D’Angelo’s lectures and
the connections were apparent to the students. Ebenfelt posed several difficult problems
concerning CR embeddings into spheres and one beautiful elementary problem concerning
the behavior of the number of positive and negative eigenvalues of a real valued form under
multiplication. One formulation of this question bears directly on the above question about
hyperquadrics.

Ebenfelt’s lectures included two applications to algebraic geometry. The first con-
cerned Milnor links of isolated singularities, and the second concerned birational equiva-
lence of projective manifolds. These results indicate the power of CR Geometry as a tool
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in other fields of mathematics.

Dror Varolin gave two lectures. The first followed up on D’Angelo’s second lecture
by showing what happens to proper mappings between balls in the high codimension case.
Stated simply, when the codimension is large enough, you can do anything you want.
This quote evokes the popular song Alice’s restaurant and hence Varolin subtitled his
first talk Directions to Alice’s Restaurant. In this talk he also introduced and explained
various ideas from algebraic geometry, especially Hermitian line bundles and their metrics.
Varolin’s second talk concerned an isometric embedding theorem of Catlin-D’Angelo that
grew out of these considerations. Varolin continued by discussing his recent generalization
of that theorem. This lecture was perhaps too sophisticated for most of the students, but
Varolin provided detailed notes on both lectures.

Jeff McNeal spoke about two standard tools in complex analysis, the Bergman kernel
function and scaling methods. He illustrated the power of scaling in the strongly pseu-
doconvex case and discussed more general situations with several graduate students who
were already familiar with these ideas.

McNeal’s talk was focused more on analysis than the other talks were. He began with
some discussion of various estimates for linear operators, showing how certain estimates
force a subspace to be finite-dimensional. He posed a simple generalization of this result
(from L2([0,1]) to L?(S), where S is a probability space) which was solved by two of
the students. He also posed various computational questions about the Bergman kernel
function.

McNeal also mentioned an estimate of the form

1flze < el ]l

for f € L?[0,1] and f(0) = 0. D’Angelo then asked the students to determine the best
constant ¢ in this estimate, a result known as Wirtinger’s inequality. One of the graduate
students later (with help from D’Angelo) wrote out a successful proof using the theory of
compact self-adjoint operators, and presented it. The student was quite engaged by this
work, as he observed the connection between it and what he was working on in his thesis.

D’Angelo’s fourth lecture was presented the day NSA visited. In it he showed how
considerations of group-invariant CR mappings lead to fascinating elementary considera-
tions in Combinatorics and Number Theory. In particular he presented a new primality
test he discovered while considering invariant CR mappings. That afternoon D’Angelo
met with Michelle Wagner of NSA to discuss possible uses of these ideas in cryptography.

Xiaojun Huang was able to attend only one day of the meeting, but presented two
connected lectures on rigidity problems in CR Geometry and Analysis. These lectures
provided results along the following lines; in the low codimension case continuously differ-
entiable CR mappings must be the restriction of rational mappings, and, again in the low
codimension case rational mappings cannot be too complicated. These lectures connected
quite well with the lectures given by Ebenfelt and D’Angelo.

While discussing mathematics with the students, D’Angelo, Huang, and Lamel for-
mulated a nice problem: Make precise the sense in which the proper polynomial mappings
form a thin subset of the collection of rational proper mappings between balls, as the
codimension rises.



Bernhard Lamel spoke on various methods one uses to study CR mappings. These
include complexification, polarization, Segre varieties, and the X-variety. He included a
method for the computation of the X-variety for a proper mapping between balls. He also
provided a list of routine problems involving these ideas helping graduate students truly
understand them.

John D’Angelo spoke on a recent result concerning volumes of holomorphic images of
balls because several students expressed some interest in such material. He also led two
discussion sections, one each Friday, and gave a summary of the workshop on the last day.

Four graduate students gave detailed presentations on their progress on problems
from the workshop: James Crispino (Maryland), Jiri Lebl (UCSD), Sonmez Sahutoglu
(Texas A and M), and Han Peters (Michigan). Nilufer Koldan (Northeastern) gave a short
presentation on a combinatorial aspect of work discussed by Lebl and Peters. Lina Lee
(Washington University in St. Louis) and Tamas Forgacs (UIUC) served as note-takers.
Quite a few of the other students were actively involved and asked many questions. Lebl
and Peters formulated a strategy to solve the primary conjecture, at least in the monomial
case, and proved two lemmas. One hopes that they continue working on the problem.

Although the two week workshop resulted in no publishable results proved by graduate
students, it was a scientific success. Graduate students proved on their own both known
results and some new lemmas. These developments should positively impact their thesis
work. The lecturers were active researchers who presented both their results and shared the
insights behind them. Both the students and the faculty participants noted many revealing
connections among the various talks, and all benefited from the experience. Finally the
workshop produced several problems which will foster new research in CR Geometry.

IV. Conclusions.

The workshop seemed to be a success. There were 24 graduate student participants,
and 6 instructors/mentors - all from US Universities. Of the graduate students, 6 were US
citizents or permanent residents and three were women. The students praised the workshop
on their feedback forms, and many of them privately thanked the organizer. Several of the
graduate students became quite immersed in problems they worked on, and made small
amounts of progress. By the end of the meeting, no publishable results were obtained, but
the framework for future research success has been laid by the workshop.

Several graduate students pointed out the value of meeting research mathematicians in
a pleasant and informal setting. The workshop thus helps mitigate an intimidation factor
often felt by graduate students. The inclusion of students at various levels, especially Han
Peters who had just defended his thesis, enabled wvertical integration in this workshop.

One question on which there is no clear conclusion concerns the assignment of ex-
ercises. In some sense the workshop would be better if graduate students solved more
exercises and presented them. Some dislike that kind of approach, however, feeling that
they are mature and should do what they want. The feedback forms indicate wide ranging
opinion on the value of assigning exercises.

The visit by NSA (Friday July 29) is worth mentioning. It seemed to the organizer
that the two people from NSA were pleased with the mathematical discussions and format;
one of them (Michelle Wagner) discussed specific mathematics with D’Angelo for an hour
that day. NSA must have been impressed by the scientific quality of the workshop. On
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the other hand, few of the participating students are domestic. All, however, are students
at Universitis in the US. It is hard to see this particular workshop as being a successful
recruitment tool for NSA, and the NSA presentation itself did not go over very well.

The workshop ended with a whimper rather than with a bang. Perhaps there should
been some planned event for Friday afternoon; even a roast might have been worthwhile.

The staff at MSRI did a super job in running their part of the program. Hugo Rossi,
Naomi Raine, and Michelle Antonio are to be commended for everything they did to make
it work. Having Hugo Rossi meet the grad students for a walk to MSRI on day one was
excellent. Even when future workshops are held up the hill, someone should meet the
students at the bus on day one.

Perhaps the workshop could have been better advertised at UCB.

The use of note-takers seemed not particularly valuable. Although it was nice to pay
grad students a small amount to take notes, their notes were not particularly useful.

That the workshop was located at MSRI was exciting for the organizer, who enjoys
Berkeley and MSRI. Perhaps it would work just as well to hold it at a Math Department.
The audience for talks would be larger, especially if the workshop were held at a University
with a summer school going on. On the other hand, the MSRI staff did a lot of work, and
one wonders whether their work could be duplicated by department staff members.

In summary, the workshop went well but only several years from now can its effects
be measured and judged. The organizer himself would happily do another one!

V. Several new ideas.

Here are possible ideas for alternatives for the event:

1) Create a three week long workshop; have graduate students attend weeks one and
two, and have post docs attend weeks two and three. In this way the lectures of the
first week could provide background, the lectures of the second week could provide the
introduction to research problems. In the third week presentations would be made of
actual progress. In particular, the particular workshop just held seemed to work best for
students near the end of their graduate student careers.

2) Have the workshop in two stages separated by 2 months. In the first stage, students
attend lectures and get involved with the material for several subsequent months. These
lectures could be held at several places, minimizing travel costs. In the second stage the
workshop would be attended by those people who had become engaged in the work, and
it would have a research feel. This approach would enable students to study the material
more seriously and at a more appropriate pace. To be successful such a plan would require
some mentoring during the two months; such mentoring could take place over e-mail or
the telephone.

3) Have a summer workshop intended for finishing graduate students and recent PhDs.



REPORT ON THE 2005 MSRI/BANFF SUMMER GRADUATE SCHOOL
COMPUTING THE CONTINUOUS DISCRETELY

MATTHIAS BECK AND SINAI ROBINS

This is the final report of the MSRI/Banff Summer Graduate School at the Banff Inter-
national Research Station, August 6-20, 2005. The theme was integer-point enumeration in
rational polyhedra, which also goes by the name of Ehrhart Theory.

1. THE LOCATION

We found the Banff International Research Station nothing short of ideal for an MSRI
graduate summer school. Lodging, meals, and lecture halls are all on the same site, away
from the distractions, say, of a city. This setting results in an automatic networking among
the students. The rapport among the students was wonderful to witness and had, needless
to say, much positive influence on the mathematics that was discussed among them. The
beautiful scenic setting of the Banff Center added excitement among the participants and
fostered further interaction during free time. The staff on site was always helpful, and the
computer support was very good. Brenda Shakotko, the BIRS Station Manager, deserves
our sincere thanks for making sure that every little detail of the summer school was running
smoothly.

2. THE SCHEDULE

We settled on an 11-day schedule for the summer school, starting with lectures on Sun-
day morning, having the middle weekend (Saturday and Sunday) off, and ending with the
Friday afternoon session in the following week. Each morning consisted of two hour lectures
separated by a half-hour coffee break. The afternoon started with two hour TA sessions,
also separated by a coffee break. We had two excellent TA’s, Kristin Camenga and Kevin
Woods, who alternated from one day to the next. The afternoon sessions were early enough
(starting at 1 p.m.) to allow ample time for the students to interact in smaller groups on
their own time. This schedule worked very well for us. We got through material equivalent
to one semester of a second-year graduate course. One has to keep in mind, though, that
the students had a complete manuscript of the lecture notes, so that we could leave certain
details to them (often in form of afternoon exercises). The middle weekend was intention-
ally left free, to allow the participants to explore the area around Banff. A few students
volunteered to organize large group activities; we ended up having groups that went on a
day hike, water rafting, a horse ride, a trip to Lake Louise and a nearby glacier, and a day

bike ride. It is safe to say that there was an activity for every participant.
1
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3. THE PROGRAM

We were pleased that we were able to cover all 12 chapters of our book in progress Comput-
ing the continuous discretely, to be published in the Springer UTM series. The participants
seemed excited about the material that was covered. While it is natural that not everyone
can follow every detail, especially in the more advanced topics, the students showed 100%
participation until the very last day. Similarly, the afternoon problem sessions were always
lively, and all of them were attended by all the students. We were very grateful for the active
involvement of our students and the TA’s, all of whom gave us invaluable feedback on our
manuscript.

4. THE PARTICIPANTS

There were 30 participating graduate students from 22 universities in Canada, Mexico,
and the US. Among them were 10 women and 8 under-represented minorities.

We conclude with some of the students’ comments. They are quoted from a short survey
that we took at the end of the first week.

“I think the lectures are great and I love their casual/informal style.

“Too many mosquitos, but the time seems to fly during the lectures and the problem
sessions. I like having a break every hour as well.”

“This is wonderful material and both of you are giving nice lectures. Keep up the great
work! The book is well-written, generally enjoyable to read. I would say the organization is
a bit unorthodox. That makes the reading more interesting.”

“I also very much enjoy the conversations and interacting with fellow math people.”

“The location is great and the material is fun. Awesome summer school.”
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BIRS Workshop 05ss027
Computing the Continuous Discretely:

Integer-point enumeration in polyhedra
August 6 — 20, 2005

MEALS

Breakfast (Continental): 7:00 — 9:00 am, 2™ floor lounge, Corbett Hall — every day

*Lunch (Buffet): 11:30 am — 1:30 pm, Donald Cameron Hall — every day

*Dinner (Buffet): 5:30 — 7:30 pm, Donald Cameron Hall — every day

Coffee Breaks: As per daily schedule, 2™ floor lounge, Corbett Hall — Sunday - Friday

*Please remember to scan your meal card at the host/hostess station in the dining room for each
lunch and dinner.

MEETING ROOMS

All lectures are held in the main lecture hall, Max Bell 159. Please note that the meeting space
designated for BIRS is the lower level of Max Bell, Rooms 155-159. Please respect that all other space
has been contracted to other Banff Centre guests, including any Food and Beverage in those areas.

SCHEDULE - Saturday August 6 — Friday August 12

Saturday | Sunday ‘ Monday ‘ Tuesday ‘ Wednesday ‘ Thursday ‘ Friday
7:00-9:00 X Continental Breakfast, 2nd floor lounge, Corbett Hall
9:00-10:00 X Lecture 1 \ Lecture 1 \ Lecture 1 \ Lecture 1 Lecture 1 Lecture 1
10:00-10:30 X Coffee Break, 2nd floor lounge, Corbett Hall
10:30-11:30 X Lecture 2 \ Lecture 2 \ Lecture 2 \ Lecture 2 Lecture 2 Lecture 2
11:30-13:30 X Buffet Lunch, Donald Cameron Hall

Guided
13:00-14:00 X Tour X X X

Problem- | Problem- Problem- Problem- Problem- Problem-
14:00-15:00 X session 1 | session 1 session 1 session 1 session 1 session 1
15:00-15:30 X Coffee Break, 2nd floor lounge, Corbett Hall

Problem- | Problem- Problem- Problem- Problem- Problem-
15:30-16:30 X session 2 | session 2 session 2 session 2 session 2 session 2
17:30-19:30 Buffet Dinner, Donald Cameron Hall

A free guided tour of The Banff Centre is offered to all participants and their guests on the first Sunday
starting at 1:00 pm. The tour takes approximately 1 hour. Please meet in the 2™ floor lounge in
Corbett Hall.
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/ “ Computing the Continuous Discretely:
Integer-point enumeration in polyhedra

PIMS August 6 — 20, 2005
SCHEDULE - Saturday August 13 — Friday August 19
Saturday | Sunday ‘ Monday ‘ Tuesday ‘ Wednesday ‘ Thursday ‘ Friday

7:00-9:00 X Continental Breakfast, 2nd floor lounge, Corbett Hall
9:00-10:00 X Lecture 1 \ Lecture 1 \ Lecture 1 \ Lecture 1 Lecture 1 Lecture 1
10:00-10:30 X Coffee Break, 2nd floor lounge, Corbett Hall
10:30-11:30 X Lecture 2 \ Lecture 2 \ Lecture 2 \ Lecture 2 Lecture 2 Lecture 2
11:30-13:30 X Buffet Lunch, Donald Cameron Hall

Problem- | Problem- Problem- Problem- Problem- Problem-
14:00-15:00 X session 1 | session 1 session 1 session 1 session 1 session 1
15:00-15:30 X Coffee Break, 2nd floor lounge, Corbett Hall

Problem- | Problem- Problem- Problem- Problem- Problem-
15:30-16:30 X session 2 | session 2 session 2 session 2 session 2 session 2
17:30-19:30 Buffet Dinner, Donald Cameron Hall

Lecturer: Beck, Matthias
Affiliation: San Francisco State University

Lecturer: Robins, Sinai
Affiliation: Temple University

TA: Camenga, Kristin
Affiliation: Cornell University

TA: Woods, Kevin
Affiliation: University of California, Berkeley



UNIVERSITY OF WASHINGTON
DEPARTMENT OF MATHEMATICS
BOX 354350
SEATTLE, WASHINGTON 98195-4350

November 17, 2005

e-mail: burdzy@math.washington.edu
FAX: (206) 543-0397

Professor Hugo Rossi, Director
Mathematical Sciences Research Institute
17 Gauss Way

Berkeley, CA 94720-5070

Dear Professor Rossi,

This is a report on the Pacific Northwest Probability Seminar 2005, an MSRI-Network
Conference. The conference was held on October 22, 2005, on the University of Washington
campus.

The program of the conference consisted of four invited talks. The speakers, their
affiliations, talk titles and abstracts were the following.

1. Rami Atar (Technion and University of Washington) “On Constrained Singular Con-
trol of Diffusions and Related PDE”

A constrained singular control problem consists of minimizing a cost associated with

a process of the form

X=z+ /O b(X)dt + / o(X)dW + /0, Jg(X(.=))dU,

0 [

W being Brownian motion, over processes U that have increments in a given cone and
keep X in the closure of a given domain of R? for all times. Such problems arise, in
particular, in the study of stochastic queueing networks in heavy traffic, and beyond
dimension 1 they can rarely be solved explicitly. PDE that characterize the value
function (i.e. Hamilton-Jacobi-Bellman equations with ‘state constraint’ boundary
conditions) may be useful when explicit solutions are not in hand. However, in two
cases of the problem, that arise in the applications mentioned above, standard tech-
niques fail to cover uniqueness and solvability for such PDE: (a) unbounded domain
and unbounded cost, (b) bounded domain and cost that involves an improper integral
(with a function of X as an integrand). Combining probabilistic and PDE tools we
establish unique solvability for (a) and (b) above under appropriate conditions. Some
of the results are new even for d = 1. Joint work with Amarjit Budhiraja and Ruth
Williams.



2. Nathanael Berestycki (University of British Columbia) “Small-time Behavior of Beta-
coalescents”
Lambda-coalescents were introduced by Pitman in (1999) and Sagitov (1999). These
processes describe the evolution of particles that undergo stochastic coagulation in
such a way that several blocks can merge at the same time to form a single block.
In the case where the measure Lambda has the Beta(2-a,a) distribution, Birkner
et al. recently used the Donnelly-Kurtz lookdown construction to prove that Beta-
coalescents can be obtained as the time-changed genealogies of a continuous-state
branching process with stable branching mechanism. Here we use this result to prove
that Beta-coalescents can be further embedded in continuous stable random trees, for
which much is known due to recent progress of Duquesne and Le Gall. This produces
a number of results concerning the small-time behavior of Beta-coalescents. Most
notably, we get an almost sure limit theorem for the number of blocks at small times,
for the rescaled sizes of the blocks, and give the multifractal spectrum corresponding
to the emergence of blocks with atypical size. Also, we are able to find asymptotics for
several quantities of interest to biologists in the context of population genetics. Joint
work with Julien Berestycki (Univ. Marseille) and Jason Schweinsberg (UCSD).

3. Yevgeniy Kovchegov (Oregon State University) “Generalized Symmetric Exclusion
Processes”
We will consider the particle systems that interact via permutations, where transition
rates are assigned not to the jumps from a site to a site, but to the permutations
themselves. This is a way to generalize symmetric exclusion processes that was sug-
gested by T. Liggett. Recall that in case of symmetric exclusion, particles interact
via transpositions. We develop a number of new couplings for these permutation pro-
cesses and establish the needed conditions for them to apply. We use duality, couplings
and other tools to explore the stationary distributions for permutation processes with
translation invariant rates.

4. Charles Newman (Courant Institute, New York University) Birnbaum Lecture “Scaling
Limit of two-dimensional critical percolation”
We review the continuum nonsimple loop process that represents the scaling limit
of 2D critical percolation and then, if time permits, discuss some ideas and open
problems associated with its extension to scaling limits of ”near-critical” percolation

and minimal spanning trees.

For the second time in the history of the Pacific Northwest Probability Seminar, one

of the talks was given by an “outside” invited speaker, i.e., by a researcher not currently



working or visiting a university in the Pacific Northwest. The outside speaker was Charles
Newman, a prominent probabilist based at the Courant Institute. His talk was branded
as a “Birnbaum Lecture.” William (Bill) Birnbaum was an extraordinary probabilist and
statistician at the University of Washington, who recently passed away. His family gave
support to the idea of naming a lecture after him at the Pacific Northwest Probability
Seminar.

There was no formal registration at the conference, in agreement with the long stand-
ing tradition. We asked the participants to put their names, affiliations and current status
(student, faculty) on an informal list. According to the list, the conference was attended
by 33 people, about equally split between faculty and students/postdocs. Most of the par-
ticipants came from the major research universities in the Pacific Northwest and Microsoft
Research. There were a few people from smaller or more distant institutions, such as
Eastern Oregon University, Central Washington University, and Los Alamos Laboratories.

The conference had (and still has) a Web page, see
http://www.math.washington.edu/ zchen/nwprob2005.shtml.

The available funds were spent on the travel expenses of the outside speaker, travel
expenses of those participants who had no other source of support, and catering (coffee,
light food).

Besides the scientific program, the conference was a chance for the Pacific Northwest
probability community to meet in a relaxed atmosphere (the program was reasonably
paced). The conference ended with a no-host dinner.

The support from the MSRI allowed us to attract an excellent collection of speakers.
We are confidently looking into the future of this regional conference. The probabilists

working in the Pacific Northwest deeply appreciate the MSRI support.

Sincerely yours,

Krzysztof Burdzy



The 05-06 Midwest Model Theory Meeting was held at The Ohio State University on October
29-30, 2005, partially supported as an MSRI-Network conference.

The North American Midwest has become one of the world’s major centers for research in
model theory, a branch of mathematical logic. The schools most prominently involved are Illinois
at Urbana-Champaign (UIUC), Illinois at Chicago (UIC), Notre Dame, McMaster (Hamilton,
Ontario), Wisconsin at Madison, and Ohio State (OSU). The Midwest Model Theory Meeting
is held annually, usually in autumn and at one these schools (though McMaster has hosted the
meeting at the Fields Institute in Toronto). Speakers for the meeting usually consist of a mix of
junior and senior researchers in model theory and areas of peripheral interest to model theorists,
with an emphasis on people temporarily or newly in the region. This year, there were quite a few
postdocs and advanced grad students available; the program reflected this. Indeed, for the first
time, “special session”-style talks were added to the program in order to increase participation
by grad students.

Plenary lectures were given by: Clifton Ealy (UIUC, postdoc, model theory); Kirsten Eisen-
trager (U. Michigan, postdoc, number theory); Bradd Hart (McMaster, model theory); David
Lippel (Notre Dame, postdoc, model theory); Christian Rosendal (UIUC, newly-hired tenure-
track, descriptive set theory); Jan Trlifaj (Charles University, Prague, ring theory).

Twenty-minute talks were given by four model theory grad students: Ozlem Beyarslan (UIC);
Sergio Fratarcangeli (McMaster); Ayhan Giinaydin (UIUC); Elisa Vasquez (Madison).

Abstracts of the talks are appended below.

Precise figures were not kept, but each talk was attended by about fifty people, with a peak of
about sixty. (Some of the talks attracted locals having only peripheral interest in model theory
per se.)

The $2,000 funding provided by MSRI (acknowledged on the conference website) was used
exclusively to defray travel expenses incurred by speakers and some other junior participants, and
almost entirely on junior people.

Conference website: http://www.math.ohio-state.edu/ miller/MWMTO5.html

Chris Miller (organizer)
Associate Professor
Department of Mathematics
OSuU

November 14, 2005

Abstracts

Beyarslan, O. Pseudofinite fields and random graphs.

A pseudofinite field is an infinite field satisfying all first-order properties which hold in all finite
fields. Pseudofinite fields exist and can be realized, for example, as ultraproducts of finite fields.

An n-ary random graph is a set X with a symmetric and irreflexive n-ary relation R such that
for any two finite and disjoint subsets A and B of X"~ !, there is an € X such that R(a,z) and
—R(b,x) for alla € A and b € B.

In 1980, J.L. Duret interpreted a random binary graph in a pseudofinite field. This has some
important model theoretic consequences.

We will show that we can interpret a random n-ary graph in pseudofinite fields.

Ealy, C. Thorn forking in simple theories.
I will give a brief introduction to thorn forking and rosy theories, and explain how the question
thorn forking and forking coincide in simple theories can be reduced to questions about abstract
1



independence relations. I will sketch a proof that they do coincide in simple theories that eliminate
hyperimaginaries. Time permitting, I will relate the question of thorn forking in simple theories
that do not eliminate imaginaries to questions about independence relations in metric structures.

Eisentrager, K. Hilbert’s Tenth Problem for function fields of characteristic zero.

Hilbert’s Tenth Problem in its original form was to find an algorithm to decide, given a poly-
nomial equation f(z1,...,x,) = 0 with coefficients in the ring Z of integers, whether it has a
solution with z1,...,x, € Z. Matiyasevich proved that no such algorithm exists, i.e., Hilbert’s
Tenth Problem is undecidable. Since then, analogues of this problem have been studied by asking
the same question for polynomial equations with coefficients and solutions in other commutative
rings.

In this talk we will discuss how elliptic curves of rank one can be used to prove undecidability
of Hilbert’s Tenth Problem for function fields of characteristic zero, such as R(¢) and function
fields of varieties over C of dimension at least two.

Fratarcangeli, S. Rolle leaves and o-minimality.

Given an o-minimal structure 8 whose underlying universe is not the real line, what should
it’s “Pfaffian closure” mean? Should we expect it to be o-minimal? For an expansion R’ of R that
has the intermediate value property, we introduce the relative Pfaffian closure of R in SR’. When
R’ is a model of the theory of the projective hierarchy, it turns out that this Pfaffian closure is
o-minimal.

Giinaydin, A. A non-superstable, rosy theory.

First, we are going to give a brief introduction to thorn-forking and rosy theories and then we
are going to construct a “real”’-rosy theory of thorn-U rank w using a pair (K, G), where K is
a real closed field and G is a subgroup of the multiplicative group of the positive elements of K
satisfying the Mann property.

This work is joint with Alexander Berenstein and Clifton Ealy.

Hart, B. Limited, locally modular types.

It was once believed that geometric stability theory would play a key role in the computation
of the spectrum function for countable theories. In the end, due to the coarseness of cardinal
arithmetic, the full strength of the geometric theory was not used. Nevertheless, it does have
an impact on the fine structure of models in classifiable theories. In this talk, I will concentrate
on the following case: a pair of models 9t C 91 with the type of 9 over 9T non-orthogonal to a
depth-zero regular type. I will introduce an improved version of the “strongly regular vs. locally
modular” dichotomy and conjecturally describe the structure of 91 over 9.

Lippel, D. Quasi-finitely axiomatizable strongly minimal theories.

For the purpose of this talk, let us say that a complete theory is quasi-finitely axiomatizable
(QFA) if (1) it is axiomatized by a single first-order sentence together with an axiom scheme of
infinity, and (2) it is not finitely axiomatizable. At the 2002 Ravello Euro-Conference in Model
Theory, Oleg Belgradek asked whether every stable QFA theory is totally categorical. Restricting
our attention to strongly minimal theories, we ask: is a strongly minimal QFA theory necessarily
w-categorical? For trivial strongly minimal theories and for strongly minimal groups the answer
is yes. I will discuss these two results, which are joint work with Dugald Macpherson.

Rosendal, C. Polish groups: their algebraic and topological structure.

Polish groups appear in many branches of mathematics, primarily as groups of symmetries of
separable analytic or countable algebraic structures. Over the last twenty years several results
have surfaced that for many groups of symmetries of highly homogeneous structures closely tie up
the topological and purely algebraic structure of the group. That is, that the topological structure

2



is fully given by the abstract underlying group and inversely, many algebraic features of the group
can be read of from the topology. We shall survey some of these results and hopefully be able to
convey examples of the combinatorial and analytic tools involved.

Trlifaj, J. Cotilting modules: algebraic compactness and cofinite type.

Cotilting (right R-) modules over an associative unital ring R are defined as formal category-
theoretic duals of (infinite dimensional) tilting modules.

An obvious question is to what extent are these formal duals real ones, that is, up to equivalence,
occur in the form 7™ where T is a tilting left R-module, and (—)* is the dual module (the character
module in general, the standard dual in the case of artin algebras, etc.). Recently, tilting modules
have been shown to be of finite type [BET, BH, BS, ST], and hence T* is always of cofinite
type [AHT]. We will see that there are several cases where all cotilting modules are of cofinite
type [T], but unfortunately, this does not hold for general rings [B2].

So the next question is how far in general are cotilting modules from being duals of the tilting
ones? Here, the model theoretic notion of an algebraically compact module comes up: follow-
ing [B1,S], we will show that each cotilting module is algebraically compact. (Notice that in
algebraic terms, algebraically compact modules are just the direct summands of dual modules).

It is well-known [P, §4.3] that algebraically compact modules decompose into discrete and
continuous parts, the former being usually well-understood, but the latter not. The question of
whether each cotilting module is equivalent to one with zero continuous part remains open. We
will present positive answers for particular classes of rings following [B2, T].
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Vasquez, E. An application of Crofton’s Formula to o-minimal structures.

Any bounded set A definable in an o-minimal expansion of the real field can be decomposed
into finitely many definable sets A; such that there is a constant K and a definable family of
curves A; in each A; with the property that any pair of points x,y € A; can be joined by a curve
~ in the family \; having length at most K|z — y|. A version of Crofton’s formula, valid over
arbitrary fields, will allow for a generalization of this result to arbitrary o-minimal expansions of
a field.
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