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CODLERMEEFAEEIE ” (fAiAR PROMYS) J&—Ii%i4E  The Program in Mathematics for Young Scientists (PROMYS)
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Fried, and Steve Rosenberg
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Content:

The 50 or so first-year students engage in learning about
foundations of number theory. The format of this program is
somewhat unique: Its dominant aspect is the problem sets,
handed out each weekday and due the next weekday. Each
student has a counselor, who is usually a student studying
mathematics at some prestigious university (Harvard, MIT,
Princeton, etc). Each counselor would be in charge of four
students. The problem sets are marked by the counselors. The
students spend most of their day working on the problem sets. A
typical problem set would consist of a section on numericals, a
section on rigor, a section of PODASIPS (Prove or Disprove and
Salvage if Possible), exploration sections and possibly a reading
search, totaling around 17 problems give or take 5 questions.
There were 90-minute lectures every weekday by Professor
Glenn Stevens, a well-known expert in number theory. The
lectures are designed so as to approximately cover the content
of the problem sets from three weekdays ago. This was to
ensure that students would be able to have a go at the problems
on their own first. During the first three weeks, first-year
students develop their ability for mathematical rigor and proof
by producing a reduced inventory of axioms of integers and
progressing to prove statements up to certain level. (Examples:
there exist x and y such that ax+by = 1 iff ged(a,b) = 1), (albc,
ged(a,b) = 1 implies alc, unique prime factorization-++). On the
Friday of the third week, there is a midterm test, which consists
of about 30 problems worth 12 marks each. A typical score is
130. In the final three weeks, the content of the course branches
out, examining properties of other rings (integers adjoint root -5,
etc), continued fractions, Minkowski's theorem about convex,
symmetric spaces centered in the origin of a lattice, Mobius
inversion, quadratic reciprocity, and many other topics. There is
a final exam in the last week.

The 20 or so returning students (those who have come back for
a second or third year) have a number of options available to
them. While they are required to attend the first-year lectures
about number theory, they do not need to complete number
theory problem sets. There are a number of courses available
to returning students; these may or may not change each year.
This year, the courses available, ranked from what was generally
seen as 'easiest' to 'hardest', were Abstract Algebra (taught by
Marjorie Baruch from Syracuse university), Geometry and
Symmetry (Steven Rosenberg, Boston University), and the
Analytic Class Number Formula(taught by Jared Weinstein,
Boston University). The returning-student courses were different
to the number theory courses in format, in that new concepts
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were usually introduced synchronously in lectures and the
homework, rather than on a three-day delay as in the case of
number theory. Homework was assigned three, two and one
times per week in the respective courses. I attended Abstract
Algebra and the Analytic Class Number Formula courses
this year. In the Abstract Algebra course, we started with the
definition of a Group and progress to topics about the level of
Cayley's Theorem and Sylow's Theorem. In the Analytic Class
Number Formula course, we began with the meaning of the
Riemann Zeta function, progressed to start understanding ideals,
looked at Dirichlet characters, and found the class number of
various quadratic fields and cyclotomic fields.

In the midterm and final exam, if any returning students did
particularly well in previous years, they would be allowed to
take more difficult exams called, respectively, the 'short', the
'super short', and the 'duper super short' due to the fact that they
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progressively involved fewer questions of greater difficulty.

There are also research labs available to all students. There is a
counselor assigned to each research lab, and each research lab
usually has 4 or 5 students.

Research labs were optional for first-year students. Examples of
topics of research labs for first-year students include fractional
linear functions, calculus of finite differences, partitions, and

combinatorial problems.

Research labs were mandatory for returning students. Examples
of topics of research labs for second-year students included
Root Subsystems and Weyl Group Representations, in which we
learned what root systems were and what representations were,
and looked for ways to generate representations of root systems
of type D4 and F4. Other topics are Modeling prime divisors by
random involution, Deformations of symmetric polynomials,
and Rational-distance sets on parabolas. In my research lab, our
mentor (the person who posed the question, and periodically
turned up to help us) was Dr. Ben Harris, who had graduated
with a PhD from MIT in 2011. Our counselor was Qiaochu
Yuan, who graduated from MIT recently as well. Near the end
of the program, we did an hour-long presentation of our research

lab, and produced a write-up of our results using LaTeX.

There were also mini-courses taught by counselors, available to
all people at PROMYS. These were hour-long lectures about all
sorts of interesting topics. One example of a course is walks on
graphs: In the course, the counselor taught students how certain
problems, such as determining Fibonacci numbers or finding the
number of letter combinations of length » consisting of letters
A,C,T did not contain "CAT", could be expressed as counting
walks on graphs, and how, in turn, counting walks on graphs
could be expressed in terms of exponentiation of adjacency
matrices, and how quick calculations of exponentiations
of certain matrices was possible by using eigenvalues and
eigenvectors. In another course, the counselor spent the whole
time to define p-adic numbers.

There were also counselor courses, the structure of which I
am not too sure about. Whatever it was, during the 6 weeks in
Boston the counselors were deeply engaged in mathematics at a

level that would be challenging to them as well.

Exceedingly good students were offered the opportunity to
return the next year as 'junior counselors'.

There were also guest lectures. Stephen Wolfram (Creator of
Mathematica and Wolfram Alpha), Ben Harris (Past student
and PhD from MIT), Some Google person, Amanda Beeson
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(Rochester), were some of the lecturers.

There was a group of people, seemingly high school teachers,
who appeared to be there in order to learn good teaching
methods. [ didn” t interact with them much.

Things that made it good, in my opinion:

I am not usually capable of forcing myself to study loads of
mathematics. A major part of PROMYS that empowered me to
sit down and work was that there was a 'critical mass' of students
and counselors who were mostly really good at, and interested
in, mathematics. There was a positive peer pressure effect that
just seemed to make it really easy to convince you to work
hard. Computers were disallowed in PROMYS; this may have
contributed to productivity. There were also lounges, classrooms
and other collaborative study spaces available, which definitely
helped with studying.

At the start of the program, professor Glenn Stevens said
something along the lines of, "Our counselors are not
chosen by their teaching ability. They are chosen by their
mathematical ability, and it just so happens that they are
excellent teachers."Make of that what you will, but I did
think that it was important that the counselors were not only
mathematically talented, but also genuinely good at teaching and
communicating. There were many asocial students at PROMYS,
so I think it helped that the counselors were the kind of people
who would reach out to those students as well.

Admission:

The questions for the student application packet are available
on the PROMYSS website. PROMY'S appeared to pick students
by problem-solving ability rather than necessarily the actual
solutions, and had a rolling admissions process.

Funding:

PROMYS is supported by a number of organizations as well as
some private donations. The Advanced Seminars are sponsored
by the Clay Mathematics Institute, in the belief that PROMYS
nurtures future mathematicians and scientists. The tuition is
USD2700 for first-year students and USD2200 for returning
students. 19 meals per week are included in the fee. Several
scholarships are available with support from the American
Mathematical Society and private donors. The PROMY'S website
states that "no student should be unable to attend for financial

reasons'.
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