MASS PROGRAM AT PENN STATE

ANATOLE KATOK, SVETLANA KATOK, AND SERGE TABA CHNIK OV

The MASS program|Mathematics Advanced Study Semesters|is
an intensive program for undergraduatestuderts recruited every year
from around the USA and brought to the Penn State campusfor one
semester.MASS belongsto a rare breed;we know of two other, some-
what similar, mathematical programs for American undergraduates,
both basedabroad: Budapest Semesterdn Mathematics and Mathe-
matics in Moscav; the former is in its \teens" (started in 1985)while
the latter is just oneyearold. Mathematics AdvancedStudy Semesters
at Penn State hasturned six, and this seemdo be a good time to re ect
on the MASS comnunity.

How it started

All three foundersof the MASS program (the rst two authors of this
article and the rst MASS director, A. Kouchnirenko) are steeped in
the Russiantradition whereinterestedstuderts are exposedto a variety
of mathematical endeaors, often of nonstandardkind, at an early age.
By their seniorundergraduateyearssud studerts are already budding
professionals. We brie y descrike this tradition in Appendix 1. The
U.S. educationalsystemis built on completelydi erent principles, and
interestedyoung studerts are routinely encouragedo go fast through
the required curriculum. Here a typical mathematically gifted high
school studert takescoursesn local university and often is considered
a nerd by his peers. The foundersfelt that there wasa way to conmbine
someof the best featuresof both traditions within the U.S. academic
ervironmert, namely to gather a group of mathematics majors and
to exposethem to a substartial amourt of interesting and challenging
mathematics from the core elds of algebra, geometry and analysis
which goesway beyond the usual curriculum.

The secondauthor's rst exposureto an intensive program for U.S.
undergraduateswas at the Mills College Summer Mathematics Insti-
tute for mathematically gifted undergraduatewomen. But why should
sudh a program be all female? Why not to organizea co-educational
program along the samelines whose participants would cortribute a
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variety of experiencesand badkgrounds? The result was the SURI
(Summer Undergraduate Researh Initiativ ) program at Penn State
in the summer of 1993 where all three future founders of the MASS
program cametogether. During this program it becameclear that a
semester-longormat would be even more productive for an intensive
program organizedmostly around advancedlearning with elemens of
researb initiation.

The following itemswerecrucialto getMASS programo the ground:

Cost for the participants should not increasecomparedto their
home universities.

The program should have its own room with seeral work sta-
tions in the Mathematics building.

A special position and o ce should be securedfor the MASS
director.

It took three yearsto get the original nancial commitmert from
the Penn State administration at various levels and to solve numerous
logistic problemsbeforethe MASS program could begin.

Program description

The main componerts of MASS are:

Three core courses on topics chosenfrom the areasof Anal-
ysis, Algebra/Number Theory, and Geometry/Topology. Eadc
coursefeaturesthree, 1 hour lecturesper week, a weekly meet-
ing conducted by a MASS Teading Assistart, weekly home-
work assignmets, a written midterm exam, and an oral nal

examination/presenation.

Individual studert research pro jects ranging from theoretical
mathematicsto computerimplemertation. Most of the projects
are related to the core courseswhile someare deweloped inde-
penderly accordingto the interestsand abilities of the studert.

A weekly 2 hour interdisciplinary  seminar run by the di-
rector of the MASS program (the third author of this article),
which helpsto unify all other activities.

The MASS collo quium , a weekly lecture seriesby distin-
guishedmathematicians,visitors or Penn State researt faculty.

All elemens of MASS (3 courses,the seminarand the colloquium)
total 16 credit hours, all listed as Honors classes,that are transfer-
able to MASS participants’ home universities. Additional recognition
is provided through prizesfor bestprojects and merit fellowships. Each
studert is issueda Supplemen to the MASS Certi cate which includes
the list of MASS courseswith credits, grades, nal preserations, and
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specialachievemerts. It alsoincludesthe descriptionsof MASS courses,
the list of MASS Colloquia and the description of MASS program ex-
ams. Thesesupplemertts are very useful for the studert's home insti-

tution equivalencesand enhancethe studert's applicationsto graduate
sdools.

The main idea of the MASS Program, and its principal di erence
from various honors programs, math clubs, and summer educational
or researb programs,etc., is its comprehensie character. MASS par-
ticipants are literally immersedinto mathematical studies (since the
program is very intense, its full-time participants are not supposedto
take other classes).All the academicactivities for a semesterare spe-
cially designedand coordinated to enhancelearning and introducethe
studerts to researb in mathematics. This producesa quantum leap
e ect: the achievement and erthusiasm of MASS studerts increases
much more dramatically than if they had beenexposedto a similar
amourt of material over a longertime in a more corvertional ernviron-
mert.

A key feature of the MASS experienceis an intenseand productive
interaction among the studerts. The ervironmert is designedto en-
couragesud interaction: a classr@m is in full possessiorof MASS
(quite a non-trivial arrangemen in a large school sud as Penn State!)
and furnishedto serne asa loungeand a computer lab outside of class
times. Eadh studert has a key and can erter the room 24 hours a
day. The studerts live together in a cortiguous block of dormitory
rooms and they pursue various sccial activities together. The e ect is
dramatic: the studerts nd themsehes menbers of a cohesie group
of like{minded people sharing a special formative experience. They
quickly bond, and often remain friends after the programis over. They
study together, attack problems together, debug programs together,
collaborate on researb projects and, most importantly, talk mathe-
matics most of the time. Of course this is exactly how \mature" math-
ematiciansoperate in their professionallife! A necessarycondition for
this environmern is the gathering of a \critical mass" of dedicatedand
talented studerts, which is one of the chief accomplishmets of MASS.

Let us descrile the MASS componerts in more detail. The core
coursesare custom designedfor the program and are available only to
its participants. We list the core courseso ered since1996in Appen-
dix 2. A brief look at this list revealsthe main feature: eat course
addresses fundamerial topic which is not likely to be coveredin the
usual undergraduate(and, in many cases,even graduate) curriculum.
Designing and teaching sud a course, an instructor is challengedto
read a delicate balancebetween covering the basics,with which the
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studerts might be unfamiliar, and introducing an advanced material
typically taught in topics courses.

Consider,for example,a MASS 2000course\Finite groups,symme-
try and elemens of group represetations” by A. Ocneam. This class
started with very fundamenal facts about nite groupsand their rep-
reserations and proceededto what is often referredto as\quantum
topology": invariants of knots and 3-dimensionalmanifolds assaiated
with statistical physicsand Yang-Baxter equation. The coursewasre-
ceived by the studerts with great erthusiasmand is likely to direct
someof them toward this active areaof researb.

The nal exams(three, in total) have a unique format. It is quite
unusual for a US university and represets a creative developmen of a
Europeantradition. A studert draws a random \tic ket" that typically
contains a theoretical questionfrom the courseand a problem. Then
the studert hasan hour to prepareher answers, and shehasno access
to literature or lecture notes during this hour. The answers to the
ticket questionsconstitute only about a third of the oral examination.
Another third is a presenation of the researt project asseiated with
the course;this presettation is preparedin advanceand may involve
slides,computer, etc. The last third of the examis a discussionwith
the committee of three (including the courseinstructor, the teading
assistam and another Penn State faculty).

A MASS colloquium is similar to a usual colloquium at a depart-
mert of mathematics with an important di erence: a spealer can-
not assumemuch of badkground material. Although this makes the
spealer's task harder, we nd that the quality of talks usually ben-
e ts from this restriction. To quote the opening seriencesof an in-
spiring article by J. McCarthy \How to give a good colloquium” (see
at www.math.psu.edu/collaquium/goodcoll.pdf): \Most colloquia are
bad. They aretoo technical and aimedat too specializedan audience."”
This is preciselya sin that MASS colloquium is free of. As a result,
along with MASS studerts, it is well attended by graduate studerts
and faculty at the Departmert.

To presene the intellectual e ort that goesinto MASS colloquium
talks, a group of 2 or 3 MASS studerts is assignedto take notesand
prepare a readable exposition of the talk. We also experimert with
videotaping the talks.

Choosing the spealers, we always invite mathematiciansknown for
their expository skills. We alsotry to represen as broad a spectrum
of mathematical researb aspossible.We nd it bene cial to combine
very well known mathematicians with the onesin the early stage of
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their careers. A complete list of MASS colloquium talks is given in
Appendix 3.

The MASS seminar plays many rolesin the program. One of them
is to introducethe studerts to the topics that, otherwise,are likely to
\fall between cradks in the oor". For example, one of the seminar
topics in 2001 was the classicalcon guration theoremsof projective
geometry: Pappus, DesarguespPascal, Brianchon and Poncelet. Once
projective geometryusedto be a coresubject in the university curricu-
lum but nowadays it is perfectly possibleto obtain a doctoral degree
in mathematics without a single encourter with thesefacts. Another
example: the theory of ewlutes and involutes was a crowning achieve-
mert of Calculusto be included into textb ooks. Alas, a cortemporary
studert is not likely to seethesethings anymore. MASS seminaris a
natural placeto learn sud a topic.

Another purposeof the seminaris to preparethe studerts for the up-
comingMASS colloquium talks. A colloquium spealer is asked whether
a certain material shouldbe coveredin advancesothat the studerts get
the most from the talk. For example,asa preparation for A. Kirillo v's
talk on Family Algebrasin 2001,a whole MASS seminarwas dewted
to the basicsof Lie groupsand Lie algebras. Still another function of
the seminaris to rehearsethe studerts' presetiations of the researt
projectsonthe nal exam. This usually occupiesthe last quarter of the
semester.Probably even more important function of the seminaris to
bring about elemens of unity of modern mathematics. Often idertical
or similar notions appearin di erent coursesn various guises,and the
seminaris the placeto explore,dewelop and clarify theseconnections.

The summer program: REU and MASS Fest

The Penn State SummerREU (Researb Experiencefor Undergradu-
ates) program started in 1999asan extensionof MASS. Unlike MASS,
this program is not unique: currertly, there are about 40 REU pro-
gramsin mathematics,availableto undergraduatestuderts in the USA.
The Penn State REU is closelyrelated to MASS: about half of its par-
ticipants stay for the MASS semestetin the fall. This makesit possible
to o er researb projects that require more than 7 weeks(the length
of REU program) for completion.

Mathematical researf usually includesthree componens: study of
the subject, solving of a problem, and presemation of the result. These
three componerts are presen in the REU program: in addition to the
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traditional individual/small group researt projects supervisedby fac-
ulty mertors, the programincludestwo short coursesaweeklyseminar,
and the MASS Fest. SeeAppendix 4 for the list of REU courses.

MASS Fest is a 3-day conferenceat the end of the REU period at
which the participants presen their researt. This is also a MASS
alumni reunion. Along with the REU studerts, a number of guest
spealers, mostly Penn State faculty, give expository talks at the con-
ference.

Here are two examplesof REU studerts' researb projects.

\Simplices with only one integer point" (2 studerts; faculty mertor
A. Borisov). The studerts found an e ective procedurethat allowed
to descrike all classesof simpliceswith verticesthat have only integer
coordinates and only one point with integer coordinatesinside. Using
computersthey found all classesn dimensions3 and 4.

\New congruencedor the partition function" (1 studen; faculty men-
tor K. Ono). This project started before the REU program began.
Using the theory of Hede operators for modular forms of half-integral
weight, the studert found an algorithm for primes13 m 31 which
reveals 70, 266 new congruencesf the form p(An + B) 0 (mod m)
, Where p(n) denote the number of unrestricted partitions of a non-
negative integer n. As an example,she proved that p(3828498978 +
1217716 0 (mod 13)for every integern. The rst three congruences
werefoundin 1919by Ramarujan, and after that nding newoneswas
considereda very di cult problem. The paper of this studert hasbeen
acceptedfor publication.

We would like to emphasizea unique role played by the REU co-
ordinator, M. Guysinsky who has beencomingto Penn State for the
summersince 1999as a visiting Assistart Professorsupported by the
VIGRE funds. He organizesall the RUE activities, including MASS
fest, runs the seminarand supervisesreseart projects, both suggested
by other faculty, not presen during the REU period, and o ered by
him. This requiresan unusual combination of mathematicaaland ped-
agogicaltalents, and we are very fortunate to have found this combi-
nation in Guysinsky

Participan ts

MASS participants are selectedfrom applicarnts currertly enrolledin
US collegesor universitieswho are juniors, seniorsor sometimessopho-
mores. They are expectedto have demonstrateda sustainedinterest
in mathematicsand a high level of mathematical ability. The required
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badground includesa full calculussequencebasiclinear algebra,and
advancedcalculusor basicreal analysis. The seart of the participants
is nationwide. Participants are selectedbasedon their academicrecord,
recommendationletters from faculty and an essg.

The number of MASS participants variesfrom year to year with an
averageof 15 per semester. A part consistsof Penn State studerts
but the majority are outsiders. It is interesting to analyzewherethey
comefrom. For this purposewe divide American universitiesinto four
categories: 1) small, mostly liberal arts, schools; 2) state universities
(mostly large); 3) elite private universities; 4) Penn State. The statis-
tics over the last 6 yearsis as follows: about 20% of the participants
belongto the rst category about 40%to the second,only 3% to the
third and 37%to the forth. One should take into account that some
Penn State studerts are part-time participants (they take one or two
courses)but a few of them participate in MASS more than once.

These numbers are, probably, not very surprising (although, we
strongly feel, even studerts from elite schools will signi cantly ben-
et from the program). Another pieceof statistics: the percenage of
womenwasabout 30%(with considerabledeviations: in 2000,the ratio
was 50/50).

About 70%of MASS graduateswert to graduate programsin math-
ematics (one should keepin kind that someof the recen participants
continue their undergraduatestudies). The distribution of the gradu-
ate sdhools is very wide. Without providing a comprehensie data, we
mertion some:Harvard, Cornell, Stanford, Princeton, Yale, University
of Chicago, University of Michigan, University of California at Berke-
ley, University of Wisconsin, Indiana University, University of Utah,
University of Georgia,etc. About 15% of MASS graduateschosePenn
State as a graduate scool.

Here is what SuzannelLynch, a MASS-96 participant who is about
to receiwe her Ph. D. from Cornell, wrote in an unsolicited letter:

The MASS program has been the best semesterof my life. | wasim-
mersel in an environment of bright motivated studentsand professors
and challengeal as never before. | was pushel by instructors, fellow
students and something deep inside myself to work and learn alout
mathematics, and my plae in the mathematial world. | loved my
time there, and never wanted to leave. | kelieve the MASS program
heled to prepare me for the rigors of graduate schml, academially
and emotionaly. ... The MASS program has been very instrumental
in opening grad schal doors to me, and giving me the courageto walk
throughthem.
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Talking of MASS participants, one must mertion the teacing as-
sistarts involved. TA's are chosenfrom the most accomplishedPh.D.
studerts of the Penn State Departmert of Mathematics. Their work
is quite demandingbut alsorewarding. TA's are requiredto sit in the
respective classand take notes;oncea weekthey have an 1 hour meet-
ing with the studerts dewted to problem solving, project discussion
and, sometimes,individual tutoring. In somecasesthe material of a
MASS coursemay be new for the TA as well. This givesthe assis-
tant a welcomeopportunity to learn a new topic but makes his work
even more challenging. SomeMASS teaching assistans are themsehes
MASS graduates.

Studen ts' research

During the semester,eahy MASS participant works on three indi-
vidual projects. Usually sud a project consistsin learning a certain
topic in depth, working on exercisesand problems (often, quite hard)
and making a presemation during the nal examination. For many
MASS participants who also attend the REU program a project is a
cortinuation of that started in summer.

In some cases,a researb project produced a signi cant piece of
mathematical researt. Here are two examples:

An Nguyen, a MASS-96studert and now a graduate studert in Com-
uter Scienceat Stanford, rediscovered the famousvalue of = 1+
8 for the appearanceof period three orbits in the logistic family

f(x; )= x (@ x), and then went on to discorer a previously un-

known b&furcation point where the secondperiod four orbit appears:

=1+ 4+ ~108.

JamesKelley, a MASS-98 participant now a graduate studert at UC
Berkeley studied the represemation of integersby quadratic forms, a
classicalproblem in number theory. In particular, he studied a well
known problem due Irving Kaplansky: What integersare of the form
x? + y?+ 7z2 wherex, y, and z are integers. Obviously, if N is of this
form, then sois Nk?. Howewer, the corverseif not necessarilytrue.
Jamesproved, using the theory of elliptic curvesand modular forms,
that ewery \eligible" integer N which is not a multiple of 7 and not of
this form, is square-free!This result has appearedin print: J. Kelley,
\Kaplansky's ternary quadratic form", Int. J. Math. Sci. 25 (2001),
289{292.

The researt project topics may be related to the studert's major,
di erent from mathematics. For example,a biology major in the 2001
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course\Mathematical analysisof uid ow" hasareseart project \A
mathematical analysisof uid o w through the urinary system".

MASS studerts presen their researt projects at the Undergraduate
Studert Poster Sessiongt the January AMS/MAA joint meetings. For
example,N. Sahaterra and B. Wickman (REU and MASS 1999)were
amongwinnersin WashingtonD.C., January 2000with the poster\The
Growth of GeneralizedDiagonalsin a PolygonalBilliard", advisors: A.
Katok and M. Guysinsky Another example:B. Chan(REU and MASS
2000) was a winner in New Orleans, January 2001 with the poster
\Estimation of the Period of a Simple Continued Fraction", advisors:
R. Vaughanand M. Guysinsky

Funding

MASS is jointly funded by Penn State and NSF. Penn State pro-
vides fellowships for out-of-state studerts that reducetheir tuition to
the in-state level. Further support comesthrough the National Science
Foundation VIGRE grant. In particular, MASS participants whosetu-
ition in their homeinstitution is lower than Penn State in-state tuition
receiwe grants for the di erence. The balanceof the VIGRE funds is
usedto further decreaseut-of-pocket expensesof the participants and
is distributed individually basedon merit and need. In particular, a
number of merit fellowships is awarded at the end of MASS semes-
ter. The VIGRE grant also supports the MASS colloquium seriesby
covering the spealers' travel expenses.

Perspectiv es

We are con dent that MASS will cortinue to grow. Here are some
ideasfor the program's future.

One of the key issuesis funding. We hope to attract private
moneyto complemem the current NSF support of the program.
There is a considerableinterest in mathematicsamong private
and corporate donors, and the cortribution of MASS program
to undergraduatemathematical educationis quite substartial.

Ideally, we would like to seethe whole program endaved.

We ervision a larger, 2-level MASS programthat runs two con-
secutive semesterspneis oriented toward freshmenand sopho-
mores, the other, more advanced,for juniors and seniors.

With a broader nancial base,MASS could include a certain
number of foreign studerts. The available NSF funds can sup-
port only US citizensand permanen residerns. Howeer, there
is an interest in the program among foreign studerts already
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in American universities, and a small number of sud studerts
has attended MASS paying from their own funds. As a rst
step, we would like to extend the program to undergraduates
in Canada.

An important issueis presenation of MASS materials. Eac
MASS core course, deweloped for the program, can be used
elsewhere. We ervision an ongoing seriesof small books con-
taining coursematerial in a lecture notesstyle, detailed enough
for a quali ed instructor to designa similar courseand to sene
asguidelines.As a rst step,we are preparinga MASS presen-
tation volume that will be published by the American Mathe-
matical Scciety. This book will presen all componerts of the
program (corecoursesREU coursesMASS colloquia, studerts'
researt), and it will appear late in 2002or early in 2003. We
also hope to record MASS colloquium talks and make them
available to public, possibly online, in the MSRI style.

Our optimism about the future of MASS is basedon the enthusiasm
of the studerts who attend the program, the instructors and TA's who
teach the classesand on the generalpublic interest in improving the
mathematical educationin the USA.

App endix 1: On the Russian tradition of mathematical ed-
ucation

It is a commonknowledgethat Russianmathematicsconstitutes one
of the most vital and brilliant mathematical tradition of the 20th cen-
tury. Moreover, mathematicians,trained in Russiaare currertly very
well represeted in the top edelon of the world mathematical commnu-
nity. Behind this ourishing stands a powerful tradition of spotting
and training mathematical talent, which is not without its downsides.
The subject is certainly too complexfor a detailed discussion,but we
will try to presen a brief outline.

A typical path of a mathematically talented studert would start
rather early. It would include participation in mathematical olympiads
of various levels, from sdool district to the all-Union one (the rst
Mathematical Olympiad in Soviet Union was the Leningrad one in
1934,and Moscav followed the suit the next year; the rst all-Union
Olympiad took placein 1961). Another activity for aninterestedsdool
studert was a kruzhok (literally, \circle"; a closerEnglish equivalert
is, probably, \w orkshop"); kruzhkialsoappearedin the mid-30's. They
usually met at the university oncea weekin the evening and wererun
by dedicatedundergraduateor graduate studerts with a tremendous
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enthusiasmfor mathematics,very often, themsehesalumni of a kruzhok
{ a good example of \v ertical integration"! The material discussed
usually went well beyond the secondaryscool curriculum andincluded

challengingproblemsand nonstandardtopics from elemermary to higher

mathematics.

Beginning in the early 1960's,special high sdools for mathematics
and physics were organizedin major cities. Many bene ted from the
help of the local university faculty. For example,E. B. Dynkin and I.
M. Gelfand played a prominert role in running the legendaryMoscav
Sdiool No 2, whose many alumni are now professorsof mathemat-
ics in universities acrossthe globe. Another well-known high sdool,
the Boarding Sdool for Mathematics No 18 at Moscav State Univer-
sity, wasestablishedby A. N. Kolmogorov. Unlike other mathematical
sthools in Moscav which essetially sprangfrom private initiativ e and
had no special funding, this sdool was a special institution a liated
with the university and specially funded by the state. Still other cele-
brated Moscav sdhools for mathematicswere No 7, No 57 and No 444
(the secondand third authors are alumni of thesesdools, No 7 and 2,
respectively, and the rst andthe third authorstaught in Scdool No 2).
The mathematical curriculum of a special shool was more intenseand
systematicthan that of the kruzhki, and this in uenced our thinking
about the structure of the MASS program.

An essetial part of the tradition was participation of prominert
mathematicians of various agesin teacing and popularizing mathe-
matics. A typical exampleis the \Kv ant” (means\Quantum”) mag-
azine on physics and mathematicsfor scool studerts published since
1970. Kvant had 12 issuesa year and, in the peak of its popularity
in the mid-70's, boastedmore than 300 000 subscrikers. Among the
authors, one nds the namesof well known mathematicians: A. D.
Alexandrov, V. I. Arnold, D. B. Fuchs, I. M. Gelfand, S. G. Gindikin,
A. A. Kirillo v, A. N. Kolmogorov, M. S.Krein, Yu. V. Matiyasevit, S.
P. Novikov, L. S. Pontry agin and many others. For many generations
of studerts, Kvant openednew horizons and determined their choice
of mathematicsasa profession.Along with Kvant, there existeda rich
popular literature, from numerouscollectionsof problemsfor all ages
to books on various topics in \serious" mathematics. We would like
to mention somepeoplewho made a very substartial cortribution to
popularization of mathematics: N. B. Vassiliev,N. Ya. Vilenkin, 1. M.
Yaglom. The third author of this article worked, for a number of years,
asthe Head of Kvant's Mathematics Departmert.

At the university level, the emphasison creative thinking has con-
tinued, sometimesto the detriment of the systematic learning. For
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example, the standard mandatory coursesoften did not fully re ect
the most current thinking in their subjects, and were looked down
upon by the top studerts. A very important role was played by topics
courses,o ered in a wide variety of subjects and attended by a mix-
ture of undergraduate and graduate studerts. Similarly, specialized
seminarswere usually attended by a mix of undergraduatesgraduates
and establishedmathematicians. Starting from the third year of the
university every studert had an advisor and hencewas consideredas a
member of a researb community in his/her eld. It was not unusual
for best undergraduatestuderts at major universitiesto have papers
publishedin rst rate researt journals by the end of the 5 years of
their undergraduatestudies.

This system had multiple e ects. On the one hand, it stimulated
early dewelopmen of researt interests and mathematical precccity.
On the other hand, it leadto oftenin ated standardsand expectations
and, ewertually, to a great wastageof talent. A typical victim of the
systemwas a studert with a considerabletalent but not very high self-
esteem(often female). Still, the overall results were quite spectacular
in producing a large number of exceptionally creative and technically
powerful mathematicians.

App endix 2: MASS courses
What follows is a list of MASS coursesand the instructors.

2002:

Elemerts of Fractal Geometry and Dynamics
by Ya. Pesin.

Number Theory with a Tilt at Elliptic Curves
by D. Brownawell.

Intuitiv e Topology
by S. Tabadnikov.

2001:
Mathematical Analysis of Fluid Flow
by A. Belmorte.
Combinatorics
by G. Andrews.
Geometry and Relativity: An Introduction
by N. Higson.

2000:
Real and p-Adic Analysis
by S. Katok.
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Finite Groups, Symmetry and Elemerts of Group Represetations
by A. Ocnheanu.

Projective and Non-EuclideanGeometry
by V. Nistor.

1999:
Mathematical Methods in Mecdhanics
by M. Leuvi.
Topicsin Number Theory
by R. Vaughan.
Geometric Structures, Symmetry and Elemernts of Lie Groups
by A. Katok.

1998:
Functions and Dynamicsin One Complex Variable
by G. Swiatek.

13

Number Theory: From Fermat's Little Theoremto his Last Theorem

by K. Ono.
The Exponertial Universe
by J. Roe.

1997:
Real Analysis
by N. Higson.
Arithmetic and Geometry of the Unimodular Group
by S. Katok.
Explorations in Geometry
by D. Burago.

1996:
Introduction to Dynamical Systems
by A. Katok.
Explorations in Number Theory
by G. Andrews.
Linear Algebrain Geometry
by V. Nistor.

App endix 3: MASS Collo quia

Here is a list of MASS colloquium talks. The aliations of the

spealersis given as of the time of the talk.

2001:
Family Algebras

by A. Kirillo v, University of Pennsyhania.
Integral LexicographicCodes
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by J. Corway, Princeton University.
Klein's Erlanger Programme
by A. Banyaga, Penn State University.
Virasoro group and projective structures on the circle: a hidden face
of an old coin
by V. Ovsienlo, Centre of Theoretical Physics, Luminy, France.
Vector Calculus and the Topology of Domainsin 3-space
by H. Gluck, University of Pennsyhania.
Minimal surfaces discrete harmonic analysis,and random walks
by A. Sossinskylndependen University of Moscav, Russia.
Physical proofs of mathematical theorems
by M. Levi, Penn State University.
One hundred yearsof Hilbert's fourth problem
by J. C. Alvarez,New York Polytechnic University.
Loopsin R3: New Angleson an Old Topic
by B. Solomon,Indiana University.

2000:
Knotted Flowlines
by R. Ghrist, Georgialnstitute of Tedinology
Euler, Jacobi,Ramarujan: Interesting Formulae, Beautiful Resultsand
SomeRecen Variations
by I. Kra, State University of New York at Storny Brook.
Aperiodic Tilings and Computation in the Hyperbolic Plane
by Ch. Goodman-Strauss,University of Arkansas.
Seart Enginesand Measuremets on the Modular Group
by L. Polterovich, Tel Aviv University, Israel.
Internet Seard and Markov Chains
by M. Brin, University of Maryland .
The PeanoKernel: Convolving Abstract and Applied Mathematics
by M. Gage,University of Rochester.
Flexible Polyhedra
by D. Fuchs, University of California at Davis.
The Story of the Rogers-Ramaanjan Idertities
by G. Andrews, Penn State University.
The Future of Mathematics
by D. Zeilberger, Temple University.

1999:
The Meaning of Chaos
by G. Swiatek, Penn State University.
When Do Polynomials Have Common Zeros?
by D. Brownawell, Penn State University.
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Knots and Knot Invariants
by A. Vaintrob, University of New Mexico.
Hilbert's 16th Problem Near Its Centenary
by Yu. llyashenlo, Cornell and Independen University of Moscaw.
Replicating Tiles
by V. Nitica, Notre Dame University.
Nightmares and Dreamsof Lyapunov : Stability and Semigroups
by Yu. Latushkin, University of Missouri.
On the Hilbert-Smith Conjecture
by A. Dranishnikov, Penn State University.
The DNA Geometriclnequality: An Open-endedStory
by S. Tabadnikov, University of Arkansas.
The Banat-Tarski Paradak and Amenable Groups
by M. Guysinsky Tufts University.
Group Reconstruction
by C. Plaut, University of Tennessee.

1998:
Rational numbers, right triangles, and elliptic curves
by K. Rubin, Stanford University.
Bicycle wheels,Gauss-Bonnetformula and Berry's phase
by M. Levi, Penn State University.
Why represetation theory is interesting and useful?
by A. Kirillo v, University of Pennsyhania.
Playing pool with pi
by G. Galperin, Eastern lllinois University.
The Life and Work of India's Greatest Mathematician Srinivasa Ra-
manujan
by B. Berndt, University of lllinois.
Mathematics of Fractal Images
by Ya. Pesin, Penn State University.
An Introduction to K-theory
by P. Baum, Penn State University.
Arithmetic Curvesand Triangulations
by F. Bogomolw, Courant Institute.
Sccial Life of Curves
by S. Gindikin, Rutgers University.

1997:

Connectingthe dots: the theory and practice of interpolation
by D. Arnold, Penn State University.

Why the symplectic and cortact geometriesare soimportant?
by A. Kirillo v, University of Pennsyhania.
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Mountaineering and quartum medanics
by J. Roe, Oxford University, UK.
Platonic solids,their symmetry groupsand Klein's invariant theory
by A. Ocnean, Penn State University.
Probabilistic strategiesin games
by S.Ivanov, Steklov Institute for Mathematics, Russia.
Invariants of curvesby ewlution of frames
by R. Bishop, University of lllinois at Urbana-Champaign.

1996:
The man who loved numbers, Biography of Ramarujan
by G. Andrews, Penn State University.
Stability of the inverted pendulum and topology of the symplectic
group
by M. Levi, RensselaePolytechnic Institute.
On classi cation of the nite simple groups
by E. Formanek, Penn State University.
Dynamics of the logistic family
by G. Swiatek, Penn State University.
Playing billiard with a help of mathematics
by Yu. Suhov, University of Cambridge, UK.
Unprovable theoremsand fast-growing functions
by S. Simpson,Penn State University.

App endix 4: REU courses

2002:

Partitions and the OmegaPadage
by G. Andrews

Di erential Equations As Dynamical Systems
by Ya. Pesin

2001:

Continued Fractions, Hyperbolic Geometry and Quadratic Forms
by S. Katok

Galois Theory
by V. Nistor

2000:

Dynamical Systemsand Applications
by M. Levi

The Prime Numbersand Their Properties
by R. Vaughan

1999:
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Symmetry and Represetations of Finite Groups
by A. Ocneamu

The Theory of Partitions
by G. Andrews
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E-mail address katok _s@math.psu.edu

Department of Mathematics, Pennsyl vania State University, Uni-
versity Park, PA 16802
E-mail address tabachni@math.psu. edu



