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The past year saw the realization of two major 
initiatives and substantial headway on a third.  First 
was the Clay Senior Scholar program, designed to 
bring leading mathematicians to a university or 
institute program for a substantial period of time 
to exchange ideas and conduct research.  Senior 
scholars play key roles: lecturing, mentoring 
graduate students and postdocs, conducting the 
formal and informal discussions that are the 
lifeblood of mathematical discourse.  Senior 
scholars also give public lectures that reach out to 
a broader audience.  CMI posts these on its website 
for wide dissemination and will later publish them 
as part of a collection.  Richard Stanley (MIT) and 
Bernd Sturmfels (UC Berkeley) were CMIõs þrst 
Senior Scholars. They participated in the Institute 
for Advanced Studiesõ Park City Mathematics 
Institute. CMI has appointed þve Senior Scholars 
for the 2004ð5 academic year.

The second initiative, carried out in partnership 
with the Bodleian Library at Oxford and Octavo 
Corporation of Oakland, California, was to produce 
and disseminate the þrst complete digital edition 
of one of the early Greek manuscripts of Euclidõs 
Elements.  Of these manuscripts, we chose the 
one at the Bodleian library because of its þne 
state of preservation and its unique status as the 
oldest surviving Euclid manuscript.  It dates from 
the year 888 when it was copied by Stephen the 
Clerk in Constantinople (see p. 8).  While CMIõs 
primary mission is the creation and dissemination 
of mathematical knowledge, we believe that 
preservation of our subjectõs 4000-year historyñby 
far the oldest of any scienceñis also of great value.

The third initiative is the þnal step in the move 
to CMIõs new quarters at One Bow Streetñthe 
outþtting of its òback spaceó for lectures and 
workshops, now named the Hilbert space.  The 
þrst use of the Hilbert space was on November 
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3 and 4, just prior to the Annual Meeting, when 
three of CMIõs FellowsñManjul Bhargava, Dennis 
Gaitsgory, and Maryam Mirzakhaniñgave a series 
of talks.  In March CMI held its þrst workshop in 
the new space.  Organized by Haynes Miller (MIT) 
and Jack Morava (Johns Hopkins), the workshop 
brought twenty researchers together for three days 
of intensive work and discussion.  With excellent 
facilities and support staff, many restaurants nearby, 
and a hotel just across the street, the space is ideal 
for small research meetings.  CMI looks forward to 
your proposals!

     Sincerely,

                                                                                   
       
     James A. Carlson, President

?laibf^k If_o^ov) Lucloa Rkfsbopfqv
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Ben Green was recognized for his joint work with 
Terry Tao on arithmetic progressions of prime 
numbers.  These are equally spaced sequences 
of primes such as 31, 37, 43 or 13, 43, 73, 103. 
Results in the area go back to the work of Lagrange 
and Waring in the 1770s.  A breakthrough came 
in 1939 when the Dutch mathematician Johannes 
van der Corput showed that there are an inþnite 
number of three-term arithmetic progressions of 
primes. Green and Tao showed that for any n, there 
are inþnitely many n-term progressions of primes.  
Their proof, which relies on results of Szemer®di 
(1975) and Goldston and Yildirim (2003), uses 
ideas from combinatorics, ergodic theory, and the 
theory of pseudorandom numbers.  The Green-Tao 
result is a major advance in our understanding of 
primes. 

G®rard Laumon and Bao-Ch©u Ng¹ were recognized 
for their proof of the Fundamental Lemma for 
unitary groups. The lemma, which has been a major 
obstacle to progress in the Langlands program, is a 
conjectured identity relating orbital integrals of one
group to another. In the case of Laumon and Ng¹õs 

?^l @eùl Kdċ) ?bk Dobbk ^ka DĀo^oa I^rjlk eliafkd qebfo
@i^v Obpb^o`e >t^oap) _olkwb obmif`^p lc qeb @JF f`lk+ Á /--1
J^oh Dboj^kk+

these are the unitary groups U(n) and U(p)xU(q), 
where p + q = n. Combined with the Arthur-Selberg 
trace formula, the fundamental lemma enables one 
to prove relations between automorphic forms on 
different groups and is a key step toward proving 
links between Galois representations and certain 
automorphic forms. This is one of the aims of the 
Langlands program, which seeks a far-reaching 
uniþcation of number theory and representation 
theory. 

The result of Laumon and Ng¹ uses the equivariant 
cohomology approach introduced by Goresky, 
Kottwitz, and MacPherson, who proved the 
lemma in the split and equal valuation case. The 
proof for the unitary case, which is signiþcant for 
applications, requires many new ideas, including 
Laumonõs deformation strategy and Ng¹õs purity 
result (based on a geometric interpretation of the 
endoscopy theory of Langlands and Kottwitz in 
terms of the Hitchin þbration).

Ben Green was named a Clay Research Fellow 
for a term of two years.  Laumon and Ng¹ were 
named Clay Research Scholars for a period of 
one year.  Each received a bronze replica of the 
CMI icon by sculptor Helaman Ferguson. Former 
recipients of the Clay Research Award are Andrew 
Wiles, Laurent Lafforgue, Alain Connes, Stanislav 
Smirnov, Edward Witten, Oded Schramm, Manindra
Agrawal, Richard Hamilton, and Terence Tao.

Gfj @^oiplk `lkdo^qri^qbp ?bk Dobbk+ Á /--1 J^oh Dboj^kk+
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 the 
oldest of the Millennium Prize Problems, was 
formulated in 1859 by Bernhard Riemann as 
part of his attempt to understand how prime 
numbers are distributed along the number line.  
In some sense, the problem goes back to Euclid, 
in whose Elements one þnds that the number 
of primes is inþnite (theorem IX.20).  Now, 
there are just four primes less than ten, namely 
2, 3, 5, 7; twenty-þve primes less than one 
hundred; etc.  But what is the general pattern?  
Relying on òexperimental dataó obtained at the 
cost of much computation, Gauss, some time 
around 1800, formulated a conjecture: that the 
number of primes less than x is approximately 
x/log(x), where the logarithm is the natural one.  
This quantity is proportional to x divided by the 
number of digits in x.  Moreover, Gauss stated 
that the relative error between his x/log(x) 
guess and the number of primes tends to zero as 
x tends to inþnity.

It was this conjecture of Gauss that Riemann 
attempted to prove using bold new ideas, 
of which his hypothesis was a byproduct.  
Although Riemann never formulated a proof, 
two great trees of mathematics grew from his 
work.  First was Gaussõ conjecture, proved 
independently by Hadamard and de la Vall®e 
Poussin in 1896, and now baptized the òPrime 
Number Theorem.ó Both men relied heavily 
on Riemannõs methods.  Second was the set 
of profound results inspired by the effort to 
prove the Riemann hypothesis itself.  Deepest 
of all are the Weil conjectures, proved by Pierre 
Deligne in 1974.

Peter Sarnakõs article, beginning on page 5, and 
Enrico Bombieriõs ofþcial problem description 
for the Clay Institute give precise statements 
of the Riemann hypothesis. Together they  
provide an account of its history and of recent 
work on it.  But what is this hypothesis in a 
few, if less precise, words?  We state it in an 
equivalent form: the difference between the 
actual number of primes and Gaussõs formula 
is not only small compared to x, it is smaller 
by a considerable amount.  More precisely, 
it is smaller by a factor proportional to the 

@lroqbpv lc qeb Kfbabopû`epfp`eb Pq^^qp* rka Rkfsbopqûqp_f_iflqebh Dčqqfkdbk+
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reciprocal of the square root of x, divided by log(x).  This factor is 
rather like one encountered in the theory of random walks, gambling, 
and Brownian motion.  In such statistical phenomena the square 
root of x enters as a measure of the deviation about some 
average value.  Thus, the Riemann hypothesis is a statement about 
the òstatistical regularitiesó one can expect of the prime numbers.

Below is the manuscript, just seven pages in length, of Riemannõs paper.  The photos of 
the manuscript are courtesy of the Niedersªchsische Staats- und Universtªtsbibliothek 
Gºttingen. A complete (but lower resolution) digital facsimile courtesy of the same 
source is available online at www.claymath.org/millennium/Riemann/
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of CMI researchers and 
research programs are sketched below.  Researchers 
and programs are selected by the Scientiþc 
Advisory Board (see back cover). 

CMI appointed þve Clay Research Fellows in 2004, 
the highest number in a given year.

Benjamin Green, graduated from Cambridge 
University in England.  His two-year appointment
begins in July 2005. He will be based at Bristol 
University, U.K.

Ciprian Manolescu, graduated from Harvard
University, working at Princeton.  He has a
four-year appointment.

Maryam Mirzakhani, graduated from Harvard
University, working at Princeton.  She has a 
four-year appointment.

Andr§s Vasy, graduated from MIT and continuing
to work there and at Northwestern University. 
He has a two-year appointment.

Akshay Venkatesh, graduated from Princeton 
and working at the Courant Institute at NYU.
He has a two-year appointment.

CMI appointed several distinguished Clay Research 
Scholars and its þrst Clay Senior Scholars.  Among 
the Research Scholars were J§nos Koll§r and Frank 
Sottile, who lectured at the Conference on 
Topological Aspects of Real Algebraic Geometry
at MSRI.  Aderemi Kuku of ICTP (Trieste, Italy) 
and Wandera Ogana of the University of Nairobi, 
Kenya were appointed to work on strengthening 
the mathematical infrastructure of sub-Saharan 
Africa.  They are based at MSRI and Ohio 
State University.  Richard Stanley and Bernd 
Sturmfels were appointed Senior Scholars at the 
Park City Mathematics Institute program in Utah.  
Their public lectures are posted on the CMI website 
at www.claymath.org/lectures.

Among the Research Programs organized and 
supported by CMI in 2004 were the following:

Ranks of Elliptical Curves and Random Matrix 
Theory at the Newton Institute in Cambridge, 
England.

Workshop on Mathematical Aspects of Non-linear 
PDEs at the Institute for Advanced Studies.

Workshop on Perelmanõs Surgery Procedure at 
Princeton.

K-theory and Noncommutative Geometry at the 
Institut Henri Poincar® in Paris.

Recent Progress in Dynamics at MSRI in Berkeley.

Automorphic Forms and Trace Formula at the 
Fields Institute in Toronto.

The 2004 CMI Summer School on Floer Homology, 
Gauge Theory and Low-Dimensional Topology was 
held at the Alfr®d R®nyi Institute of Mathematics in 
Budapest, Hungary, June 5ð26.  Participants from 
14 countries attended. See page 22.
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Hfo^k Hbai^v^) >hpe^v Sbkh^qbpe) J^kgri ?e^od^s^ ^ka
Kl^j Bihfbp ^q qeb @JF >kkr^i Jbbqfkd ebia ^q E^os^oa lk
Klsbj_bo 2) /--1+

CMI appointed 18 Liftoff Fellows for the summer 
of 2004.  Clay Liftoff Fellows are recent Ph.D. 
recipients who receive one month of summer salary 
and travel funds before their þrst academic position.  
See: www.claymath.org/liftoff/. 
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Research Fellows, Research Awardees,
Senior Scholars, Research Scholars, 
Book Fellows and Public Lecturers                   35

Summer School, participants and faculty         100

Research Academy and Student Programs,
participants and faculty                                   100

CMI Workshops, Liftoff program                      45

Participants attending joint programs and
the Independent University of Moscow     >  1000

Obpb^o`e Bumbkpbp clo Cfp`^i Vb^o /--1
%`ljm^o^qfsb ^iil`^qflkp `e^kdb ^kkr^iiv _^pba lk p`fbkqfę` jbofq&

The following estimates are of the number of 
people supported by CMI though some of its 
scientiþc programs during part or all of 2004

Each Spring CMI organizes a workshop, the Clay 
Mathematics Research Academy, which brings together 
some of the worldõs most mathematically talented high 
school students for eight days of study and collaboration 
with leading researchers. 

The 2004 Research Academy, which ran from Friday, 
March 19, through Saturday, March 27, held two 
parallel sessions. The þrst, on Generating Functions and 
Bijective Proofs, was led by Professor Richard Stanley 
(MIT). The second, on Group Representations and their 
Applications, was led by Professor Pavel Etingof (MIT). 

Fields Medalist 
Professor Timothy 
Gowers participated 
in the Academy as 
a visiting scholar, 
delivering both a public 
evening lecture entitled 
Is there such a thing as 
inþnity? and a talk in 
the colloquium series 
on the largest positive 
integer ever
contemplated. His 
public lecture drew an    
overÿow audience to 

Harvard University Science Center.  The twelve student 
participants were selected through an international search 
and came from Germany, Great Britain, and Russia as 
well as the United States.

The Research Academy demands an intense focus. 
Consequently, the colloquium series, a counterpoint to 
this intensity, was organized to introduce the student 
participants to a variety of areas distinct from those of 
their chosen research groups. Colloquium speakers were 
leading researchers in their respective þelds, their talks 
attracted a large audience of students and faculty from 
Harvard and MIT, other nearby institutions, and members 
of the local community.

The program concluded on Saturday, March 27, when 
the Academy participants presented their results and 
outlined proposals for continued research. Notes for 
all the colloquium talks, public lectures and participant 
presentations are available for download from the CMI 
website.
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centuries ago in Alexandria, 
Euclidõs Elements stands as the 
founding document of mathematics.  
Summing up the singular, revolu- 
tionary accomplishments of Greek 
mathematics of the period 500 to 
300 BC, this book established the 
tradition of distilling mathematical 
knowledge into the organized form 
of axiom, deþnition, and theorem, 
and with it, the precedent that the 
test of mathematical truth is the 
communication and subsequent 
communal acceptance of a proof. 
This was clearly a brilliant idea: in 
the intervening millennia, not one 
of the theorems in the Elements 
has been found false, even though 
standards of rigor have changed. 

One wonders why Greek society 
was so fertile a þeld for such 
purely intellectual pursuits.  
Neither a theorem demonstrating 
the inþnitude of the primes nor 
the construction of the icosahedron 
could have had much utility 
in contemporary economic or 
political life, yet these were 
the outcome of central research 
preoccupations of the Greek 
mathematical establishment of 
the times.  Whatever the reasons, 
mathematicians, scientists, and 
students throughout the ages are 
the intellectual beneþciaries of this 
magniþcent, prescient work.  

The Elements was the standard, 
if not the sole, textbook for 
instruction in mathematics from 
Euclidõs day until sometime in 
the twentieth century. From it, 
generations of students learned  
the deep and beautiful properties 
of lines, triangles, and circles. But 
its inÿuence extended far beyond 
the properties of geometric þgures.  
Through page after page of 
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tightly structured, intricately woven 
logical argument, the Elements 
taught the art of reasoning and 
also the art of solving problems.  
Perhaps the highest accolade to its 
inÿuence was that paid by Isaac 
Newton, who, in founding modern 
physics, took the Elements as his 
stylistic and intellectual model.  
A look at Newtonõs Principia makes 

this clear.  As in geometry, one 
begins with axioms, e.g., Every body 
perseveres in its state of rest, or of 
uniform motion in a right line, unless 
it is compelled to change that state 
by forces impressed thereon.  From 
these one deduces þrst one and then 
another theorem, building, brick by 
brick, layer by layer, an ediþce of 
sure and organized knowledge. 
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The Bodleian Library, CMI, and Octavo 
have worked together to produce a digital 
edition of the oldest surviving manuscript 
of Euclidõs Elements.
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man-
uscript of the Elements dates to 
September, 888 AD, when the 
last ink stroke was penned by 
Stephen the Clerk, working in 
Constantinople.  We know that it 
was bought for fourteen gold coins 
by Arethas of Patrae (later bishop 
of Caesarea in Capadoccia).  Its 
whereabouts are obscure from that 

time until the seventeenth century, 
when it was acquired by the Dutch 
classicist J.P. DõOrville. Part of 
DõOrvilleõs library was bought by 
the Bodleian Library in Oxford 
in 1804, where the Elements has 
remained ever since.  What you 
see above are two pages from this 
manuscript, reproduced from  the 
digital edition prepared by Octavo, 

a company that specializes in the 
production of þne digital editions 
of rare books and manuscripts.

 of the 
two pages reproduced from the 
manuscript yields many rewards. 
In this þne Byzantine calligraphy 
you see part of Book III, 
stating theorems four through 
seven on basic properties of 
circles. The þrst theorem reads: 
If in a circle two straight lines 
which do not pass through the 
center cut one another, then they 
do not bisect one another.  Notice 
the diagrams almost identical to 
the ones that we studied in high 
school geometry class.  Notice also 
the marginal notes, written in the 
same hand as the manuscript itself. 
Like the Elements, they are of 
ancient origin, though somewhat 
younger: it was the duty of the 
scribe to make a fully faithful copy, 
scribbling included, just as this job 
is performed today by the camera. 
The marginal notes (scholia) 
give us insight into the uses and 
readership of the Elements in the 
early days of mathematics.  

You can try your hand at 
identifying the theorems. Knowing 
that the Greek numbers for 1 
through 9 were |(  }( ~(  ( ß( ¡( ¢( 
£( ¤, with ¥ for 20, ¦ for 30, etc., 
one sees that the beginning of 
theorem four is signaled by the S 
in the margin.  The end is signaled 
by the phrase ἾÙǶȀ ἍǵǶǺ ǵǶ῍ǾǲǺ 
ñ Greek for Q.E.D. For more 
insight into the manuscript, see 
Heibergõs edition of the Elements 
in Greek. It is available online 
at www.perseus.tufts.edu.  The 
standard English translation, with 
excellent commentary, is by Sir 
Thomas Heath.  It is available both 
online at Perseus and from Dover 
Publications.
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  was þrst printed in 
1482 at the Venetian press of Erhard Ratdolf. It went 
through dozens of editions during the Renaissance.  
In 1570 the þrst English translation was made by Sir 
Henry Billingsley, who in 1596 became Lord Mayor 
of London. The manuscript of the Bodleian Euclid 
has been directly accessible to only a few scholars.  
Now, for the þrst time, it is easily available in 
Octavoõs digital edition.  The digitization project 
grew out of conversations between Jim Carlson, 
President of CMI, Chet Grycz, publisher and 
CEO of Octavo, and Richard Ovenden, Keeper 
of the Western Collection at the Bodleian Library.    
Throughout, this work has been a labor of love, 
and all of us are pleased that it could be brought 
to fruition so quickly: a yearõs time from concept 
to publication, with Octavoõs photography taking 
place at the Bodleian Library from September 20 
to October 22 of 2004, under the direction of Hans 
Hansen, Imaging Director of Octavo and Stefan 
Grycz, Studio Manager of Octavo UK.  The Bodleian 
Library, the Clay Mathematics Institute, and Octavo 
are proud to be able to help write one more chapter 
in the history of publishing the Elements.

can be viewed and 
studied at the Bodleian Library, in digital form at 
CMIõs ofþces in Cambridge, Massachusetts, and 
on the Octavo.com website, where the research 
facsimile edition, distributed on four CDs, is 
available.  It contains full-resolution images (576 
ppi).  At a future date, a reading edition with lower 
resolution images, but with commentary and 
translation, will be released at a price below $100.  
This edition will include the authoritative Heiberg 
edition of the Elements and the Heath translation, 
all keyed by page to the manuscript. Finally, a 
100% scale edition of the manuscript will later be 
made freely available.  CMI and Octavo plan to 
prepare digital editions of selected mathematical 
manuscripts of historical importance.  It is our hope 
that publishing such works will renew interest in 
the historical roots of mathematics, will revivify its 
teaching, and will increase its wider appreciation.

 
a conference organized by CMI, the 
Bodleian Library, and Octavo will be 
held October 7ð8, 2005 at St. Catherineõs 
College in Oxford. The conference 
will present the digital edition and will 
bring together historians, scholars, 
mathematicians, teachers, and other 
interested individuals for an examination 
of the history and inÿuence of the 
Elements.  All are invited.  

Attendees will receive a facsimile of selected parts 
of the manuscript, which will play an important 
role in the program.  To open the conference, noted 
Oxford paleographer 
Nigel Wilson will 
discuss in detail two 
pages of the facsimile.  
With him, we will see 
what can be learned 
from a close reading of 
an original manuscript. 
For more information, 
including hotel 
accommodations and 
registration, see
www.claymath.org/
euclid.
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E^kp E^kpbk ^ka Of`e^oa Lsbkabk mobm^ofkd qeb j^krp`ofmq clo melqldo^mev+

?llh `lkpbos^qflk ^q qeb ?laibf^k+

@wbpi^t G^k Dov`w)
@BL ^ka Mr_ifpebo) L`q^sl+

300 BC Euclidõs Elements written (Alexandria)
888 AD Bodleian manuscript copied (Constantinople)
1383 First printed edition (Venice)
1570 First English edition (London)
1804 Bodleian Library acquires manuscript (Oxford)
2005 First digital edition (Octavo)
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Martin Nowak, Evolutionary game dynamics

Kiran Kedlaya, The number theory of the upper         
half plane

Akshay Venkatesh, How many integral solutions to  
polynomial equations?

Cumrun Vafa, Physics and math of crystal melting

Robert Devaney, The Mandelbrot set, the Farey tree, 
and the Fibonacci sequence

Timothy Gowers, The largest positive integer ever 
contemplated

Peter Shor, Quantum computing

Andr§s Vasy, Distributionsñgeneralized functions

Jim Carlson, The mathematics of Google

Chenchang Zhu 

Etienne Rassart Matthew Young 
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During his time at Tel-Aviv University, Dennis 
Gaitsgory studied algebra, algebraic geometry and 
representation theory under the guidance of Joseph 
Bernstein, receiving his PhD in 1998. His thesis, entitled 
òAutomorphic sheaves and Eisenstein series,ó develops 
ideas of A. Beilinson, V. Drinfeld and G. Laumon 
that deal with the geometrization of the theory of 
automorphic forms.

Since the fall of 1996, he has spent most of the academic 
year in the United States. He was twice a member of 
the Institute for Advanced Study in Princeton, New 
Jersey (1996ð1997 and 1998ð1999), and in 1997 he 
was admitted as a Junior Fellow of the Harvard Society 
of Fellows. He held a Clay Research Fellowship from 
2000ð2004.

Dennis Gaitsgory joined the Department of Mathematics 
at the University of Chicago in the Fall of 2001 as an 
Associate Professor.

What þrst drew you to mathematics? What are 
some of your earliest memories of mathematics?

My father, who is an applied mathematician, was 
making diligent efforts from my early childhood 
to attract me to mathematics. In the beginning he 
would give me math puzzles to solve, but this never 
quite worked: as I understand now, Iõve never had a 
knack for òisolated difþcult problems.ó (For the same 
reason, I invariably did poorly at math Olympiads).  
Later, when I was 
about twelve, we 
started to read 
some math books 
together,  so by the 
time I entered the university I knew the basics of 
analysis, linear  algebra and differential equations.  
However, as soon as I enrolled in my þrst several 
classes at the university (Tel Aviv, summer 1990), 
my attitude to mathematics underwent a sudden 
phase transition: something òclicked,ó and I started 

to derive great pleasure from carefully thinking 
through the mathematical theories that I was being 
taught. I think that it was then that I began to 
appreciate the real aesthetics of the subject, i.e., what 
makes it pleasant to do mathematics, apart from the 
thrill of òto know a bit more of higher math.ó

Did you have a mentor? Who helped you develop 
your interest in mathematics, and how?

It would be fair to say that after my father my 
next mentor was Sasha Braverman. Having come 
from a math high school in Moscow, he had a much 
clearer idea than I about what was going on in 
modern mathematics. I recall a scene in the library, 
where Sasha (sixteen at that time) was leaþng 
through a book on algebraic topology. When I asked 
reverently what homology was, he somberly replied 
that I would be better off not knowing it (which, 
of course, resulted in my starting to read the same 
book that very afternoon). It went on in this fashion 
for about a year until Sasha convinced me that we 
should go together to Joseph Bernstein (who was 

Later, when I was about 
twelve, [my father and 
I] started to read some 
math books together... 
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spending his sabbatical at Tel Aviv University that 
year) and ask him to ògive us a problemóñwhich 
effectively was asking him to become our adviser.

In 1998 you received your PhD from Tel-Aviv 
University, where you studied under Joseph 
Bernstein.  Could you recount some of your 
mathematical experiences at Tel-Aviv University 
and with Professor Bernstein?

The þrst several months after meeting Bernstein 
were exceptionally hard. I was exposed to  so 
much new  mathematics, which I felt I should have 
learned long ago. Besides, Bernstein was running a 
seminar where even more fascinating things were 
discussed, and which I was not able to follow at all. 
But after a while I got over my frustration, mostly 
by acquiring enough impertinence to ask a question 
every time I didnõt understand something.

For the next two years Bernstein invested a lot of 
time talking to Sasha and me, as well as teaching 
courses more or less at our request, primarily in 
algebraic geometry and representation theory. All 
this was done while emphasizing his quite unique 
way of attaining the clearest and simplest, even 
if sophisticated, understanding of mathematical 
structures.

I should say that after such an experience I found 
it difþcult to attend courses taught by other people, 
be it in Tel Aviv or elsewhere: I always expected a 
lecturer to explain things at the same level of clarity, 
and to reduce them to the same level of beautiful 
simplicity as did Bernstein, which is quite rare.

How would you compare your mathematical 
experiences in Israel, Russia, and the US?

It so happened that in my research I have mostly 
interacted with the same circle of disciples of I. M. 
Gelfand (this group of people is also widely known 
as òRussian maþaó). This international organization 
transcends the borders of states, so sitting in a 
seminar room I often couldnõt quite determine its 
venue: Chicago, Tel Aviv, or Moscow (where I have 
never been as an adult).

What attracted you to the areas of mathematics 
in which you work and the problems you have 
studied?

At one point (in 1994, I think), Beilinson came 
to Tel Aviv for the Schur lectures (as at many 
other universities, there is an annual lecture series 
named after a renowned mathematician. In Tel 
Aviv, distinguished people are invited to speak 
about recent developments in their þelds at the 
Issai Schur Memorial Lectures). Beilinson spoke 
about Geometric Langlands. Although I understood 

less than thirty 
percent, it was 
enough for me 
to be completely 
overcome by the 
sense of beauty 
of what he talked 
about.  In my 

eyes it combined perfectly the aspects of algebraic 
geometry and representation theory that I liked 
most.

As it turned out, Bernstein, while still at Harvard, 
had run a seminar on a different approach to the 
same problem. Obviously, I was most eager to take it 
up. To this day, manifestations of Langlands duality 
in geometric representation theory serve as a source 
of motivation for most problems that I study.

To this day, manifestations 
of Langlands duality in 
geometric representation 
theory serve as a source 
of motivation to most 
problems that I study. 

Abkkfp D^fqpdlov ^ka Glpbme ?bokpqbfk arofkd qeb P`elli lk
>rqljlomef` coljp fk Gborp^ibj) >mofi /--.+
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were actual destinations. However, as I grow older, 
I am starting to feel that being a mere tourist does 
not answer all my needs, and I would like to have a 
deeper involvement in the countries that I visit.

Another thing that I greatly enjoy is being passionate, 
but not too consistent or serious about any of my 
hobbies. Acting in this spirit, in the course of the past 
year I was doing yoga, studying Arabic, and taking 
tango lessons. If I were a really devoted student in 
any of the above three endeavors, it would take up 
all of my free time. But outside the sphere of my 
professional life I prefer to try more things, even at 
the expense of not making sufþcient progress.

How did your Clay Research Fellowship beneþt 
your work?

CMI has beneþted my work in a very simple way: by 
allowing me to concentrate on my research for three 
years. What more can a mathematician ask for?

How do you think mathematics beneþts our culture?

First, we should deþne what òcultureó means. To 
be brief, let us say that culture is the collection 
of intellectual assets of the society that are not 
connected with needs of physical survival, or, more 
broadly, material prosperity. In this deþnition, it 
ranges from what is known as òpopular culture,ó 
i.e., those aspects that can be appreciated by the vast 
majority of people, to ñ mathematics. The latter is 
the purest intellectual pursuit that can be adequately 
understood only by a tiny minority. 

Curiously enough, mathematics, which (as I guess) 
is perceived, either consciously or subconsciously, 
as a form of art by most people who practice it 
professionally, borders with applied sciences. And 
throughout history, applied problems were often a 
source of motivation for developments that later took 
a purely theoretical turn. 

Please tell us about things you enjoy when not 
doing mathematics.

With regret I must admit that I agree with the maxim 
that (in most cases) a mathematician denies himself 
(most of the) simple pleasures of life. He (or she) is 
just thinking all the time, while life passes by. In spite 
of that, there are things not connected to mathematics 
without which I would feel that I am missing out on 
too much. 

One of these things is travel. Having spent my 
childhood and early adolescence in Communist-
era Russia, I grew up with the conviction that I 
would be a life-time prisoner, bound to that country. 
Therefore, as soon as I found myself in the West, I 
simply couldnõt satisfy the thirst for the sensation 
that I could go to (almost) any country that I chose, 
and that those abstract colored shapes on the globe 

Curiously enough, mathematics, which (as 
I guess) is perceived, either consciously or 
subconsciously, as a form of art by most 
people who practice it professionally, 
borders with applied sciences.
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algebras, joint with S. Arkhipov, AG/0009007, Int. 
Math. Res. Not. 2002, no. 4, 165ñ210.

C
M
I
 
p
r
o
f
i
l
e



CMI ANNUAL REPORT.1 THE YEAR .2

Grigory Perelmanõs work announcing a proof 
of the Poincar® conjecture using the Ricci ÿow 
methods pioneered by Richard Hamilton has 
attracted great interest in the mathematical com-
munity.  In November 2002,  March 2003, and July 
2003, Perelman posted his results at arXiv.org, 
and in April of 2003 he lectured at MIT and Stony 
Brook.  Since then several conferences and work-
shops have been organized on Ricci ÿow and its 
applications ñ at AIM, MSRI, and elsewhere.

For its part, the Clay Mathematics Institute has 
undertaken a number of initiatives to better un-
derstand Perelmanõs breakthrough.  First was its 
appointment of Bruce Kleiner (FebðAugust, 2004) 
and John Lott (JulyðDecember, 2004) as Research 
Scholars. Freed from other duties, they could de-
vote their full attention to writing a set of detailed 
notes on Perelmanõs second paper, òRicci ÿow with 
surgery on three-manifolds.ó Kleiner and Lott had 
previously written a set 
of detailed notes on 
Perelmanõs þrst paper, 
òThe entropy formula 
for the Ricci ÿow and 
its applications.ó See 
www.math.lsa.umich.edu/
research/ricciÿow/
perelman.html. 

Second was its workshop 
on Perelmanõs Surgery 
Procedure held at 
Princeton University, 
Aug. 25 ðSept. 4, 2004, 

organized by John Lott (U Michigan) and Gang 
Tian (Princeton).  Its aim was to bring together a 
small group of experts who had already worked 
through Perelmanõs articles for an intense and 
thorough study of the Ricci ÿow with surgery 
paper.  The other invited participants were Yu Ding 
(NYU), Bruce Kleiner (U Michigan), John Lott (U 
Michigan), Peng Lu (University of Oregon), John 
Morgan (Columbia), Natasa Sesum (NYU), Gang 
Tian (Princeton University), Guofang Wei (Univer-
sity of California, Santa Barbara).  The participants 
included one graduate student and one postdoc.

Mbkd Ir) D^kd Qf^k) Glek Jlod^k) ?or`b Hibfkbo) Glek Ilqq) Uf^l`erk
Olkd) Vr Afkd) ^ka Drlc^kd Tbf+ Klq mf`qroba7 K^q^p^ Pbprj+

?or`b Hibfkbo ^ka Vr Afkd+

Uf^l`erk Olkd afp`rppfkd Mbobij^k«p tloh+

Each day of the worksop, assignments were made 
to present a part of the paper; the next day the math-
ematical arguments presented were subject to the 
crucible of public examination and discussion ñ at 
times quite lively. Much progress was made. 

Perelmanõs work will 
also be the subject of 
CMIõs annual summer 
school, to be held this 
June 20ñJuly 15, at 
MSRI in Berkeley..  
The organizers are 
Gang Tian, John Lott, 
Tobias Colding, Jim 
Carlson, David Ell-
wood and Hugo Rossi.
See www.claymath.org/
summerschool. 
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