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AMS EXEMPLARY PROGRAM AWARD
The AMS Award for Exemplary Program or Achievement in a Mathematics Department is presented
annually to a department that has distinguished itself by undertaking an unusual or particularly
effective program of value to the mathematics community, internally or in relation to the rest of
the society. Examples might include a department that runs a notable minority outreach program,
a department that has instituted an unusually effective industrial mathematics internship program,
a department that has promoted mathematics so successfully that a large fraction of its university’s
undergraduate population majors in mathematics, or a department that has made some form of
innovation in its research support to faculty and/or graduate students, or which has created a special
and innovative environment for some aspect of mathematics research.
The award amount is $5,000. All departments in North America that offer at least a bachelor’s degree in
the mathematical sciences are eligible.
The Award Selection Committee requests nominations for this award, which will be announced
in Spring 2019. Letters of nomination may be submitted by one or more individuals. Nomination
of the writer’s own institution is permitted. The letter should describe the specific program(s) for
which the department is being nominated as well as the achievements that make the program(s)
an outstanding success, and may include any ancillary documents which support the success of the
program(s). The letter should not exceed two pages, with supporting documentation not to exceed an
additional three pages.

Further information about AMS prizes can be found at the Prizes and Awards website: www.ams.org/prizes.
Further information and instructions for submitting a nomination can be found at the prize nomination
website: www.ams.org/nominations.
For questions contact the AMS Secretary at secretary@ams.org.
Deadline for nominations is September 15, 2018.
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AMS MARY P. DOLCIANI PRIZE
FOR EXCELLENCE IN RESEARCH
This prize is funded by a grant from the Mary P. Dolciani Halloran Foundation. Mary P. Dolciani
Halloran (1923–1985) was a gifted mathematician, educator, and author. She devoted her life to
developing excellence in mathematics education and was a leading author in the field of mathematical
textbooks at the college and secondary school levels.
The AMS Mary P. Dolciani Prize for Excellence in Research recognizes a mathematician from a
department that does not grant a PhD who has an active research program in mathematics and a
distinguished record of scholarship. The primary criterion for the prize is an active research program as
evidenced by a strong record of peer-reviewed publications.
Additional selection criteria may include the following:
•

Evidence of a robust research program involving undergraduate students in mathematics;

•

Demonstrated success in mentoring undergraduates whose work leads to peer reviewed
publication, poster presentations, or conference presentations;

•

Membership in the AMS at the time of nomination and receipt of the award is preferred but not
required.

The prize amount is $5,000, awarded every other year for five award cycles. The first award will be
made in 2019.
Further information about AMS prizes can be found at the Prizes and Awards website: www.ams.org/prizes.
Further information and instructions for submitting a nomination can be found at the prize nomination
website: www.ams.org/nominations.
For questions contact the AMS Secretary at secretary@ams.org.
Nomination Period: March 1–June 30, 2018.
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laire Voisin is a world leader in algebraic
geometry. After a PhD thesis under Arnaud
Beauville at Orsay, she entered CNRS, where she
stayed until 2016, when she became professor
at the prestigious Collège de France.
The dominant theme of her work is Hodge theory,
in particular, its application to concrete classical problems. She solved the Kodaira problem by constructing
a compact Kähler manifold that cannot be obtained by
deforming a projective manifold. In Noether-Lefschetz
theory she proved existence results for subvarieties of
a given projective variety. She made important advances
on the integral Hodge conjecture, leading to a breakthrough on the Lüroth problem on rationality questions.
She proved the Green conjecture for a general curve and
deep results on hyperkähler manifolds.
Such fundamental results, which are detailed in the ﬁve
contributions below, have been rewarded by numerous
awards and distinctions. Some of the most prestigious
are the Heinz Hopf Prize (2015), the gold medal of CNRS
(2016), and the Shaw Prize (2017). She gave a plenary
address at the Hyderabad ICM (2010). She is a member
of the French Académie des Sciences and of half a dozen
foreign academies.

Voisin’s children watch her ICM plenary. Voisin
writes, “It was early in the morning in France due to
the time diﬀerence. They were so stressed that they
could not watch very long.”

Arnaud Beauville is professor emeritus at Laboratoire J.-A.
Dieudonné, Université de Nice. His email address is arnaud
.beauville@unice.fr.
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Ekaterina Amerik
On Claire Voisin as a Role Model for My
Generation
Upon the fall of the USSR, along with many other Russian
graduates who wanted to go on with scientiﬁc research,
I left Russia. One of the ﬁrst things my thesis advisor,
A. Van de Ven, of Leiden University, told me was, “At
some point you should go to Paris. To Claire Voisin.”
The prospect of going to Paris at some point was
terriﬁc. Naturally, I thought of Claire Voisin as a
venerable professor, possibly a bit younger than Van
de Ven himself, in his early sixties at the time, and
probably single: the common knowledge in Russia
was that those very rare women who successfully
start a career in mathematical research are most
likely to forget it once the
children are born.
I actually saw Claire for
the ﬁrst time before seeing
Paris—she was lecturing at
a summer school in Torino,
at the end of the same
academic year—and was
startled to ﬁnd out that she was only slightly older
than many students in the audience, already had three
children, and was more swift and determined than any
person I had met before.
The subject of the summer school was “Algebraic cycles
and Hodge theory.” To give the ﬁrst ﬂavor of this subject,
let me mention the classical result already guessed by
Max Noether, the proof of which goes back to Lefschetz:
any curve on a suﬃciently general hypersurface 𝑋𝑡 of degree at least four in ℙ3 is a complete intersection. By the
Lefschetz theorem on (1, 1)-classes, this is implied by a cohomological version: any (1, 1)-class 𝜆 ∈ 𝐻2 (𝑋𝑡 , ℤ) is the
restriction of a class from 𝐻2 (ℙ3 , ℤ). Lefschetz’s approach
is as follows. A class surviving on a general hypersurface
𝑋𝑡 should be invariant by a ﬁnite index subgroup in
the monodromy. On the other hand, one can show that
the monodromy is a large group, in a sense as large as
possible. Indeed its action on the primitive cohomology
preserves the intersection form. So for small degrees,
when this form is deﬁnite it has to be a ﬁnite group.
Yet it turns out that whenever the intersection form is
indeﬁnite, that is, starting from degree four, any ﬁnite
subgroup of the monodromy acts irreducibly.
It is clear from this discussion that the locus of “nongeneral hypersurfaces” (those carrying an extra integral
(1, 1)-class) in the parameter space ℙ𝐻0 (ℙ3 , 𝒪ℙ3 (𝑑)) is a
countable union of proper subvarieties. It is often called
“the Noether-Lefschetz locus.” Deligne in Séminaire de
la Géométrie Algébrique 7, II gives an algebraic version

more swift and
determined
than any person
I had met before

Ekaterina Amerik is professor of mathematics at Université ParisSud and also a member of the Laboratory of Algebraic Geometry
at HSE, Moscow. Her email address is Ekaterina.Amerik@math
.u-psud.fr.
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of Lefschetz’s argument that provides some extra information on this locus, showing that an equation whose
coeﬃcients are algebraically independent over the prime
ﬁeld deﬁnes a hypersurface with cyclic Picard group,
hence outside the Noether-Lefschetz locus.
Starting with the work of Carlson, Green, Griﬃths,
and Harris, people have been trying to understand this
and similar loci better using the theory of inﬁnitesimal variations of Hodge stuctures. The tangent space
to the component where a primitive class 𝜆 stays of
type (1, 1) is given by the kernel of the multiplication
0,2
by 𝜆, ∪𝜆 ∶ 𝐻1 (𝑋𝑡 , 𝑇𝑋𝑡 ) → 𝐻𝑝𝑟𝑖𝑚 (𝑋𝑡 ) (here we consider the
moduli of 𝑋𝑡 rather than the “larger” parameter space
ℙ𝐻0 (ℙ3 , 𝒪ℙ3 (𝑑)), but the passage from one to another
is standard). It turns out that the tangent space to the
𝑝,𝑞
moduli 𝐻1 (𝑋𝑡 , 𝑇𝑋𝑡 ), as well as the summands 𝐻𝑝𝑟𝑖𝑚 of
the Hodge decomposition of the primitive cohomology
of a hypersurface deﬁned by the equation 𝐹 = 0, are
identiﬁed with the graded components of the Jacobi ring
(the quotient of the coordinate ring by the Jacobian ideal
of 𝐹). This makes it possible to translate problems on the
Noether-Lefschetz and similar loci into a subtle mix of
commutative algebra (Koszul-type complexes for Jacobi
rings) and projective geometry. By the time we were listening to Claire’s lectures, she had already shown that the
only component of the Noether-Lefschetz locus having
minimal possible codimension 𝑑 − 3 was the family of
surfaces containing a line,1 and the next largest one, the
only one of codimension 2𝑑−7, was the family of surfaces
containing a conic. This would seem to support a conjecture by Joe Harris that only ﬁnitely many components
of the Noether-Lefschetz locus have codimension greater
than the (𝑑−1
3 ) predicted by the dimension count; however,
Claire has shown that this conjecture is false. But she
also went much further, applying similar techniques to
higher-codimensional algebraic cycles. An algebraic cycle
of codimension 𝑘 is an integral linear combination of
𝑘-codimensional subvarieties. Usually one considers the
algebraic cycles modulo rational equivalence (two cycles
are said to be rationally equivalent when their diﬀerence
is the zero/pole divisor of a rational function on some
subvariety of codimension 𝑘 − 1); the quotient is called
Chow group. When 𝑘 = 1, this is just linear equivalence,
and the Chow group is an extension of a discrete group
(the image of Picard group in 𝐻2 ) by a torus. For greater
values of 𝑘, the Chow groups are normally much bigger: as
observed by Mumford, the existence of diﬀerential forms
implies that they are “inﬁnite-dimensional” and there
is no hope to parametrize them by anything remotely
similar to algebraic varieties. Still one can deﬁne the
Abel–Jacobi map from the cohomologically trivial part of
the Chow group to a torus built from the Hodge structure.
Inﬁnitesimal techniques enabled Claire to show that for
codimension-two cycles on a general hypersurface of degree at least six in ℙ4 the image of the Abel–Jacobi map
is torsion, to give a new proof of the famous result by
1

This result and the subsequently cited one on the Abel-Jacobi
map have been proved independently by Mark Green.
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Clemens that on a general hypersurface of degree ﬁve it is
not only nontorsion but even inﬁnite-dimensional when
tensored up with the rationals, and to do many other
things in this direction.
Probably the most striking application of those techniques in Claire’s work of the time was a result from
a 1994 Math. Annalen paper about zero-cycles on surfaces. By introducing suitable inﬁnitesimal invariants she
showed that on a general surface of degree 𝑑 ≥ 5 in ℙ3 , a
nontorsion zero-cycle in the jacobian of a general plane
section was nontrivial in the Chow group of the surface,
for 𝑑 ≥ 6 only ﬁnitely many points were rationally equivalent to a given point 𝑝, and for 𝑑 ≥ 7 there were no such
points at all. To be honest, my attempts to understand the
proof of the main result were not successful; what I was

Voisin, pictured here with ETH Zürich’s Peter
Bühlmann, received the Heinz Hopf Prize in 2015.
trying to understand, by diﬀerent means, was the simple
implication that a general surface of degree 𝑑 ≥ 5 could
not contain any rational curves and its extension to higher
dimensions and to higher genera (i.e., what is the minimal
geometric genus that a curve on a general hypersurface
of degree 𝑑 can have). In fact the result on rational curves
had been known before, since Clemens’s work in 1986:
his theorem states that a general hypersurface of degree
at least 2𝑛 − 1 in ℙ𝑛 does not contain rational curves. This
is sharp for 𝑛 = 3.
A beautiful observation in Claire’s paper published in
the Journal of Diﬀerential Geometry in 1996 was that the
bundle 𝑇𝒳 (1)|𝑋𝑡 , where 𝒳 ⊂ ℙ𝑛 ×𝑆𝑛𝑑 is the universal family
of hypersurfaces and 𝑋𝑡 a general member, is generated
by the global sections. This gives a similar assertion on
the bundle of diﬀerential forms of suitable degree and
translates into the positivity of the canonical divisor of
the subvarieties. This approach allowed her to unify and
sharpen several previous results: the above-mentioned
one by Clemens, the generalization for higher-dimensional
subvarieties by Ein, and a stronger result for divisors by
Geng Xu. Then Claire went on to study the base locus
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Voisin in Glasgow in 2009.
of Λ2 𝑇𝒳 (1)|𝑋𝑡 in order to improve on the Clemens-Ein
bound for 𝑛 ≥ 4: the improvement stated, for instance,
the absence of rational curves on a general hypersurface
of degree at least 2𝑛 − 2 in ℙ𝑛 (which is sharp since
hypersurfaces of degree 2𝑛 − 3 contain lines).
I read the paper with great enthusiasm as ﬁnally I
could understand most of it (by the way, Claire refers to
this paper as one of her less deep works). But still it was
a couple of months before I realized that the argument
about the base locus of Λ2 𝑇𝒳 (1)|𝑋𝑡 could not be correct
for obvious reasons: it would contradict the dimension
count for subvarieties covered by lines when 𝑑𝑒𝑔(𝑋𝑡 )
slightly exceeds 2𝑛 − 3. I wrote to Claire by regular mail (it
was still unusual or even impossible to send anything but
short messages electronically). The answer, in the form
of a ten-page mathematical paper—an erratum correcting
the proof to reassert the validity of the main theorem
and giving some other interesting details about the base
locus in question—came after just a few weeks.
For a long time I had been observing Claire’s work at
a distance, and then I had a very unexpected occasion to
get somewhat closer. I will ﬁnish my account with the
story of our collaboration.
Obvious examples show that an algebraic variety deﬁned over a ﬁeld 𝐾 does not necessarily have 𝐾-valued
points. However, the points appear when one replaces 𝐾
by a suitable ﬁnite extension 𝐿. Sometimes the 𝐿-points
are scarce, as is the case for curves of genus at least two
(the famous Mordell conjecture, proved by Faltings, states
that there is only a ﬁnite number); sometimes these are
many. If one can choose 𝐿 in such a way that the set of 𝐿points is not contained in any proper subvariety, one calls
the algebraic variety potentially dense. Such is the case
for unirational varieties or for abelian ones. One would
like to characterize the potential density geometrically,
and there are grounds to believe that in the smooth case
it is related to the positivity properties of the canonical
line bundle (i.e., the determinant of the cotangent bundle):
the varieties with positive canonical bundle should not
be potentially dense, whereas those with negative or zero
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canonical bundle should. In the negative case, examples
abound, but in the zero case the known ones are not very
convincing. Even for projective K3 surfaces, it is an open
question whether a general one in any maximal family is
potentially dense. Together with Frédéric Campana, we
made an attempt to produce some new examples dynamically, in the following sense. There is a four-dimensional
analogue of a K3 surface, varying in a certain maximal
family, such that each member of the family is equipped
with a dynamically interesting rational self-map 𝑓 (the
construction, by the way, is again due to Claire!), and one
hopes to get many new 𝐿-points by iteration. Indeed, if 𝑥
is one such point, so are 𝑓(𝑥), 𝑓2 (𝑥), etc. One hopes that
the iterates of a suﬃciently general 𝑥 ∈ 𝑋(𝐿) won’t be
contained in a proper subvariety unless there is a clear
geometric reason for this: the map preserves a ﬁbration.
Around 2005, we made this idea work when the ﬁeld 𝐾
is uncountable, but the most interesting case is that of
a countable 𝐾—for instance, 𝐾 = ℚ—and then it might
̄
happen that no ℚ-point
of 𝑥 is suﬃciently general in this
sense!
The reader who still recalls the Noether–Lefschetz
story can make a parallel with Deligne’s version of it:
for surfaces whose coeﬃcients are as transcendental as
possible one can easily draw certain conclusions, whereas
the surfaces with algebraic coeﬃcients are more subtle.
This subtlety has been addressed by T. Terasoma, who
proved around 1985 that most surfaces deﬁned over
ℚ̄ still have cyclic Picard group. He proceeded by a
comparison of the monodromy and the Galois action on
the second cohomology of such a surface, and his success
gave some clue that our problem was somehow solvable.
Still I could not ﬁgure out a solution. The distance
between the classes of line bundles on a surface and
orbits of points on a fourfold seemed just too long and
the analogy too vague. At the time I was supposed to pass a
habilitation exam, a kind of second, more advanced thesis,
which qualiﬁes one to apply for a full professorship. So I
asked Claire whether she considered the current state of
my research suﬃcient for that. She had a quick look at my
ﬁles and then said exactly what I feared: “Why don’t you
just go on and prove potential density for those varieties
with a self-map?” With Claire as a collaborator, this was
indeed feasible. She could make the analogy precise and
came up with intricate constructions relating, via the Chow
groups and 𝑙-adic Abel–Jacobi invariants, some Terasomatype conditions on certain cohomology groups of certain
subvarieties with the relevant geometric questions, such
as the preperiodicity of those subvarieties. I only had to
ﬁll in the geometry of our particular manifolds, on which
I had already been working for a long time.
In this essay I deliberately have not recalled Claire’s
most famous and signiﬁcant work, since others are
doubtlessly going to do it and I wanted my contribution
to be more personal. Shortly after our collaboration
another personal story began for me with the birth of my
own children. For the reason mentioned in the beginning,
I was not sure about the eﬀect this would have on my
research. But I have been very lucky with my family, and
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probably I have got enough inspiration from Claire to
overcome such concerns.

Olivier Debarre
Intense, Brilliant, Formidable
I have known Claire Voisin for a very long time, close to
forty years. I gave her oral examinations when she was
a ﬁrst-year student in 1979. She then entered the “École
normale supérieure de jeunes ﬁlles” in 1981 (at that time,
men and women went to diﬀerent écoles normales in
France). Daniel Perrin, who was teaching at that school at
the time, told me that from the outset she stood out from
other students.
Although she has considerably mellowed over the
years, she was very intense and demanding in her initial
engagements in the world of mathematics. While preparing her PhD thesis, she was appointed teaching assistant
for a course taught by Luc Illusie. The story goes that
she quickly decided that the material given in class was
not suﬃciently challenging and she turned her exercise
sessions into a parallel, much faster course, to the dismay
of most of the students. After this experience, she turned
her talents more directly to research, obtaining a pure
research position at the Centre National de la Recherche
Scientiﬁque.
Claire has always been a very
quick thinker, and when it came
to mathematics she had little patience with details and people
whose thinking was slower than
hers. Her ﬁrst article, published in
Inventiones in 1986 and extracted
from her PhD thesis, where she
proved the Torelli theorem for cubic hypersurfaces of dimension 4,
contains the following warning (my translation): “The symbol (box) means: the proof is obvious or uninteresting”
(and these boxes are liberally used in that article). This
capacity to think more quickly than others impressed all
those around her. Her students were in awe of her. One
of her former students, now a successful mathematician,
once told me that he was so terriﬁed the days before an
appointment with her that he could not get any sleep.
Mathematics was always central to her life. When I
asked her once what she was doing over the summer
vacation, she explained that she liked hiking in the
mountains, but her husband (himself a very successful
mathematician) liked the beach (or the other way around,
I am not sure). Because of this divergence they chose to
go to the countryside, so that both would ﬁnd nothing
else to do but work. But I wonder at times whether this is
not an image she likes to give to the world.
For Claire is much more than a mathematician. She
is the mother of four girls and one boy. After she gave

Her
students
were in awe
of her.

Olivier Debarre is professor in département de mathématiques et
applications, École Normale Supérieure, Paris. His email address
is olivier.debarre@ens.fr.
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Voisin with her children in her garden (September
1997).
birth to her ﬁrst daughter, she almost immediately left
alone for a research visit to the University of Utah. When
her colleagues learned about the situation, they quickly
convinced her to go back to her baby! Children and music
dominate her family life. Everybody in her family plays a
musical instrument, although it seems that her musical
ear does not help with foreign languages: once, at a
seminar, she asked a question (in English) to the speaker,
to which he responded: “I’m sorry, I don’t understand
French.” She is also an enthusiastic wine lover; at a dinner
party given after she gave a seminar talk, she warned,
looking over the wine list, that she liked “very expensive
wines.”
Over the years, as she has gone from success to
success, she has become a little less driven and more
helpful when addressing others. She is now an excellent
speaker. Her courses, although still relatively fast-paced,
are very successful with students, and she has written a
very popular reference book on Hodge theory based on
these courses. She is very generous with her time (with
students as well as with colleagues), and I believe that her
students are no longer terriﬁed of meeting with her. But
her enthusiasm for mathematics is intact, and she is still
remarkably intense.
It was only late in our careers that I actually had
the chance to work with her. Claire had realized that
a geometric construction of Peskine gave rise to a 20dimensional family of varieties of dimension 4 with
trivial canonical bundle. She was convinced that these
varieties were hyperkähler and suggested that we work
together on this problem (we were both at the time
visiting MSRI). I took the lazy way out and computed
(with the help of the computer program Macaulay2,
whose developers Daniel Grayson and Michael Stillman
happened also to be at MSRI) their holomorphic Euler
characteristic; this, by classiﬁcation results, was enough
to conclude. But Claire was not satisﬁed with this result
and wanted to construct explicitly the nondegenerate
holomorphic 2-form, which she did with Hodge theoretic
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arguments. Then there was the problem of proving that
these varieties were deformations of Hilbert squares of
K3 surfaces. Natural degenerations did not seem to work,
so we had to ﬁnd a round-about way. I will spare the
reader the technical details, but we did in the end ﬁnd
a (not very elegant) solution, mainly thanks to Claire’s
obstination and technical powers. This was really when I
realized that no diﬃculties were deemed by her too hard
to overcome and that she would not stop until they had
all been resolved.
This result is not one of Claire’s main contributions
to mathematics, but it illustrates her way of attacking a
problem: once she gets an idea, she applies her formidable
technical powers like a bulldozer and few obstacles resist
her. In our case, she did not really care about the elegance
of the proofs, eager as she was to move on to something
else.
I had another
occasion to collaborate with her
(and my former
student Zhi Jiang)
on
cohomology
classes whose pushforward by a morphism vanishes.
The question addressed in the article, asked by Tommaso
de Fernex, was to characterize these classes (in homology
or cohomology) in terms of classes of subvarieties that
are contracted by the morphism. Claire quickly saw that
our conjectures would have very strong consequences in
terms of the generalized Hodge conjecture—not a good
sign for the resolution of our conjectures.
Hodge theory is Claire’s playground. She knows it
inside out from the theoretical point of view of course,
but she also has an extraordinary ability to apply it
to very concrete examples—she would rather prove a
concrete consequence of a diﬃcult conjecture than its
equivalence to another, equally diﬃcult, conjecture. This
intimate knowledge of Hodge theory (and more) was what
enabled her to make recent striking advances on very old
questions about (stable) rationality of varieties.
I would like to ﬁnish by commenting on Claire’s
attitude towards being a (very successful) woman doing
mathematics. Although she claims not to be in favor
of making things easier for women, it is obvious that
she is a role model for many women in mathematics.
Being so brilliant, she can disregard the opinions (and
derogatory comments) of some of her male colleagues,
but she at times underestimates the diﬃculties other
female mathematicians experience in our very masculine
profession. Fortunately she has those four daughters, who
have a very hard act to follow. Perhaps not surprisingly
they are pushing her to realize that she has an important
role to play as mentor to other women and as reminder
to us all that the “mind has no sex,” as Poulain de la
Barre stated back in 1673. But some minds, be they male
or female, are particularly incisive and impressive in the
mathematical world. Claire’s mind is unquestionably one
of these.

Hodge theory is
Claire’s playground.
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Voisin at Hôtel de Ville in Paris after the 1992 EMS
prize. To Voisin’s left are Jacques Chirac (then mayor
of Paris, later president of France), Karoubi, and
Hirzebruch. To her right are Franke, Goncharov,
Kontsevich, and other awardees.

Phillip Griﬃths
The Leader in the Field of Complex Algebraic
Geometry
Over the past quarter century, Claire Voisin has
been the leader in the ﬁeld of complex algebraic
geometry. In her work she has both solved many
deep, long-standing geometric
problems and established a
number of results that delineate the ﬁeld. Of particular
personal interest is the extraordinary depth and ingenuity
of her use of Hodge theory blended with the panoply
of modern algebro-geometric
methods. Although Claire has
complete mastery of Hodge theory and of the more formal algebraic and homological
techniques in algebraic geometry, rather than add to these
theories for their own sake her work enriches them by
their use in solving diﬃcult questions; she is a problem
solver in the best sense of the word rather than a theory
builder.
I will describe a number of ways in which Claire’s work
has delineated the ﬁeld of complex algebraic geometry.
As one example she showed that the naive interpretation
of the Hodge conjecture for Kähler manifolds is false.
To me this suggests that the purely complex analytic
approaches such as the Kodaira–Spencer proof of the
Hodge conjecture in codimension one (the Lefschetz

She is a
problem
solver in the
best sense of
the word.

Phillip Griﬃths is professor emeritus of mathematics at the
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Although I have not had the pleasure of collaborating
directly with her, our paths cross often at conferences,
and we met frequently over the 2014–15 academic year
when she was a Distinguished Visiting Professor here at
the Institute for Advanced Study. She is never without
new insights and interesting ideas to discuss. I ﬁnd it
especially rewarding personally to follow her research,
some of which builds on work I had thought about with
my own students some four decades ago. I have learned a
great deal from her, and I am proud to consider her both
protégé and teacher.
Claire’s work shows impeccable taste and judgment in
the questions she chooses to address. They are central
issues in the ﬁeld, yet with her great ingenuity and
skill they become accessible. Her work also has a “nononsense” character: here is an important and interesting
question, one whose solutions will signiﬁcantly extend
our knowledge, and here without unnecessary frills and
bells and whistles is a crisp and elegant solution of the
problem.

Daniel Huybrechts
Voisin at the British Mathematical Colloquium 2014,
Queen Mary University, London.

theorem) are unlikely to work. Some deeper and yet to be
understood arithmetic aspects of the issue seem needed
to solve the problem.
As a quite diﬀerent sort of example of the way in
which Claire’s work greatly extends the frontiers of even
the classical aspects of the ﬁeld of algebraic geometry,
there is nothing more basic than the structure of the
equations that deﬁne a general algebraic curve. Here
there is a central, deep conjecture due to Mark Green
essentially stating that the syzygies of a general curve
have the maximally harmonious structure. Her result that
this holds for curves of odd genus went far beyond what
was known and remains the best that we know today. This
is one illustration of Claire’s ability to completely settle,
or at least greatly extend, what is known about the most
interesting and challenging questions in the ﬁeld.
As another illustration of
how Claire’s work deﬁnes the
boundaries of the ﬁeld, it is
well known that the topology
of compact Kähler manifolds,
and therefore of smooth projective varieties, has very special
properties. A long-standing
question was: Is every compact Kähler manifold 𝑋
homotopy equivalent to a smooth projective variety?
For dim 𝑋 = 2 the answer is aﬃrmative (Kodaira, 1954).
Claire gives examples to show that for dim 𝑋 ≥ 4 there
are 𝑋’s that are not homotopy equivalent to a smooth
projective variety. Variants of the question dealing with
the bi-meromorphic equivalence class of 𝑋 are also shown
to have negative answers.
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taste and
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A Passion for Geometry
Whenever invited to speak at a conference with Claire
Voisin in the audience, I am particularly nervous, and I
like to think that I am not the only one. It is likely that
at the end of a talk, especially on one of her numerous
favorite topics, she understands the matter better than
anyone else in the room, speaker included. She is likely
to point out a crucial subtlety you have totally missed
or may come up with a cleverer argument or a stronger
result. At least, that is what happened to me. In any case,
her questions are always dead-on target and likely to keep
you thinking for some time. It seems almost impossible to
discover a geometric construction involving Hodge theory
that she has not thought of before or will not be able
to enhance right away. Her technical prowess and her
geometric intuition are mind-blowing and often, I ﬁnd, a
little intimidating.
Claire Voisin continues the famous French school of
algebraic geometry, which traditionally has a distinctive
arithmetic inclination, from a complex geometric perspective and is today the world’s leading expert in Hodge
theory as initiated by Pierre Deligne and Phillip Griﬃths.
Her choice of Arnaud Beauville as her PhD advisor was an
early sign of her deep and lasting interest in the topology
of algebraic varieties.
It is probably fair to describe the vast majority of her
results as, in one way or the other, related to the Hodge
conjecture. This Clay Millennium Problem attempts to
describe the “visible part” of the geometry of a complex algebraic variety 𝑋 in terms of its classical topology
encoded by its singular cohomology 𝐻∗ (𝑋, ℤ) and its complex analytic structure reﬂected by the decomposition of
diﬀerential forms according to their holomorphic and
Daniel Huybrechts is professor of mathematics at the Mathematical Institute of Bonn University. His email address is
huybrech@math.uni-bonn.de.
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anti-holomorphic part ⨁ 𝐻𝑝,𝑞 (𝑋). For example, Voisin’s
very ﬁrst paper, resulting from her thesis, proves the
Torelli theorem for hypersurfaces of dimension four described by one cubic equation such as 𝑥30 + ⋯ + 𝑥35 = 0.
The theorem generalizes the classical result for Riemannian surfaces and asserts that such a variety is itself
uniquely determined by its Hodge structure. She later
proved Torelli theorems for further types of varieties
like three-dimensional quintic hypersurfaces, which are
of particular importance in mirror symmetry, another of
her interests. Other papers of Voisin’s explore various
aspects of the Hodge conjecture itself, e.g., reducing the
Hodge conjecture (for absolute Hodge classes) to the case
of varieties deﬁned over number ﬁelds or testing the
original integral version of the conjecture.
From the very start, Voisin has also been interested in
the “cohomologically invisible” aspects of the geometry
of algebraic varieties encoded by the deeper layers of
their Chow groups CH∗ (𝑋). According to a whole net
of conjectures due to Bloch, Beilinson, Murre, Tate, and
others, those cohomologically trivial slices should also be
governed by cohomology, but by its nonalgebraic part. One
of Bloch’s conjectures predicts that the natural cycle map
from the algebro-geometric CH∗ (𝑋) to the topological
𝐻∗ (𝑋) is an isomorphism whenever it is surjective. Bloch’s
conjecture is inaccessible using the existing techniques
and seems to be at least as diﬃcult as the Hodge conjecture
itself. The veriﬁcation of any of these conjectures in
geometrically meaningful examples is of great importance
for the further ﬂourishing of our ﬁeld. And here, Voisin
is at her best. Again and again, she has conceived some
intricate geometric construction, often involving ﬁnite
group actions, the yoga of diagonals, or higher Abel–
Jacobi maps, to prove one of Bloch’s conjectures. Her
followers then hurry to digest her ﬁndings and to feed on
the new pieces of exciting mathematics.

Here surrounded by some of her students and young
algebraic geometers at the ETH at her 2015 Hopf
Prize ceremony. Voisin is known for her generosity
towards young mathematicians.
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The theory of K3 surfaces, a class of surfaces particularly accessible to Hodge theoretic methods, is another
of Voisin’s favorite topics. She sheds new light on this
special but geometrically extremely rich class of manifolds
from various angles and often puts
them to good use to approach a
priori unrelated problems. For example, she successfully attacked
Green’s conjecture for algebraic
curves by studying those that lie
on a K3 surface. The conjecture itself deals with arbitrary algebraic
curves and is meant to cast classical results of Noether and Petri
about their canonical embeddings into a considerably
enhanced framework. K3 surfaces are also central in
Voisin’s contributions to mirror symmetry and to cycle
theoretic questions and in her investigation of hyperkähler
manifolds.
Claire Voisin is gifted with a unique geometric insight.
Again and again she has seen the potential of a particular
construction or a certain point of view that eluded
others. To name one recent example: Who would have
thought that decomposing the diagonal, as a cycle or a
cohomology class, with integral or rational coeﬃcients
would have any bearing on rationality questions like the
famous Lüroth problem? The latter asks whether any
subﬁeld 𝐿 ⊂ ℂ(𝑡1 , … , 𝑡𝑛 ) of a purely transcendental ﬁeld
is purely transcendental. (The problem has an aﬃrmative
answer, algebraically and geometrically, in dimension
one and, due to the classical Italian school of geometry,
in dimension two.) Geometrically this is the question
whether any unirational variety, one for which there exists
a dominant algebraic map 𝜑 ∶ ℂ𝑛 → 𝑋, is in fact rational.
Due to the work of Clemens–Griﬃths, Artin–Mumford,
and Iskovskich–Manin the answer is known to be negative
in dimension three and the easiest counterexamples are
cubic and quartic hypersurfaces. This seems to settle the
conjecture once and for all, but even more interesting
than the conjecture itself have become the techniques
developed for (dis)proving it (intermediate Jacobians,
Brauer classes, birational rigidity, etc.). Voisin recently
invented a subtler approach relying on the decomposition
of the diagonal that has subsequently been improved and
applied to many cases that were thought to be intractable.
Diagonals also come up in other and rather diﬀerent contexts in Voisin’s work. Let us look at just a
few instances. According to Deligne, the Leray spectral
sequence for a smooth projective morphism 𝑓 ∶ 𝑋 → 𝑌
degenerates, and it does so on the level of complexes
𝑅𝑓∗ ℚ ≅ ⨁ 𝑅𝑖 𝑓∗ ℚ[−𝑖]. Just a few years ago Voisin asked
the very natural question whether this can be realized
multiplicatively. It cannot in general, but with her natural
ﬂair for combining topology and algebraic geometry, she
uncovered a way to link the question to the decomposition
of the diagonal and proved that a multiplicative splitting
exists for families of K3 surfaces and other Calabi–Yau
varieties, at least on a Zariski open (very large) part.
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Diagonals also play
a decisive role in
her study of the
Chow groups of K3
surfaces
and
hyperkähler manifolds.
Her short paper with
Beauville some ten
years back, in which
a distinguished zerocycle in the huge
Chow group of any
K3 surface was identiﬁed,
and
later
papers on higherdimensional versions marked the dawn of a new
association between Ricci-ﬂat manifolds and algebraic
cycles.
Her work on the so-called Kodaira problem is another
example of her unbelievable geometric insight and bravery
when it comes to settling long standing questions. By an
ingenious construction she managed to detect tangible
diﬀerences between general compact Kähler manifolds
and those that can be described by polynomial equations.
It turns out that there exist compact Kähler manifolds
whose cohomology algebra 𝐻∗ (𝑋) is not realized by
any projective one and that therefore are topologically
fundamentally diﬀerent.
Despite being somewhat awe-inspiring, Voisin has
become extremely popular among young algebraic geometers. She has supervised a number of excellent PhD
theses and is known for her generosity towards her
students and to young mathematicians in general. Her
advanced courses on complex geometry and Hodge theory were crucial in the formation of a new generation of
French complex geometers, and the English two-volume
edition of her book on the subject has become the ultimate
source for everyone wishing to learn about the modern
theory of complex manifolds. Among my students, it has
become an unspoken requirement and a good tradition to
work through her book methodically. Voisin’s deep love
for algebraic geometry and her dedication to advance
mathematics in general will continue to be an inspiration.
The challenge is to keep up with her.

Her work on the
so-called Kodaira
problem is another
example of her
unbelievable
geometric insight
and bravery.

François Charles
Variational Methods for Algebraic Cycles
A major aspect of the work of Claire Voisin deals with
applications of Hodge theory to algebraic cycles. Given
a projective algebraic variety 𝑋—that is, the zero locus
in complex projective space of a family of homogeneous
polynomials—it is extremely hard in general to understand the topology of the various subvarieties of 𝑋, i.e.,
those submanifolds that can be cut out by homogeneous
François Charles is professor, Laboratoire de Mathématiques
d’Orsay, Université Paris-Sud. His email address is francois
.charles@math.u-psud.fr.
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Voisin at IHÉS during the Simons Conference in
September, 2007.

polynomials. Among others, the Hodge conjecture suggests the extent to which there exists a relationship
between the topology of 𝑋, as reﬂected by its cohomology algebra, and the geometry of its subvarieties. We
still have little understanding of how to construct subvarieties and how to understand equivalence relations
between algebraic cycles—formal linear combinations of
subvarieties.
Hodge theory provides a powerful set of invariants that
reﬂect, on a cohomological level, the complex structure
of 𝑋. The applications of these invariants to algebraic
cycles predates in a way even Hodge theory itself and
has been developed in the second half of the twentieth
century by many mathematicians, most notably Griﬃths
and Deligne.
The work of Claire Voisin on algebraic cycles reﬂects
a profound understanding of the implications, both geometric and topological, of deep conjectures on algebraic
cycles to concrete statements on projective varieties. An
important idea is the following: given a variety 𝑋 in com-
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plex projective space, one can consider the family of those
subvarieties of 𝑋 cut out by hyperplanes. Hodge theory,
through the notion of a variation of Hodge structures,
provides a way to control the geometry of this family.
This can be leveraged in two ways: we can use geometric
insight on 𝑋 to understand the hyperplane sections, or
we can use geometric insight on the hyperplane sections
to understand 𝑋. The ﬁrst idea has been applied by Voisin
to the study of zero-cycles, formal linear combinations
of points, up to rational equivalence, in the simple case
where 𝑋 is the complex projective space. The following
result is a clever application. It deals with a special case
of the Bloch conjecture.
Theorem 1 ([Voi92], [Voi13]). Let f be a homogeneous
polynomial of degree 𝑛 in 𝑋0 , … , 𝑋𝑛 , invariant under the
involution 𝑖 ∶ (𝑋0 , … , 𝑋𝑛 ) ↦ (−𝑋0 , −𝑋1 , −𝑋2 , … 𝑋𝑛 ). Then
the action of 𝑖 on the Chow group of zero-cycles on the
hypersurface deﬁned by 𝑓 is trivial.
Chow groups of zero-cycles as above are enormous
abelian groups built out of all points of the variety. They
are notoriously hard to control, and they are expected to
encode deep geometric information. The above theorem,
which is one example of a more general result, is obtained
through deep understanding of the constraints that Hodge
theory, as in the work of Deligne, imposes on geometric
objects.
The thorough understanding of how Hodge-theoretic
structures manifest themselves in concrete cases is one
of the most striking aspects of Claire Voisin’s work, at
least in my experience. Here is another example.
Theorem 2 ([Voi06]). Let 𝑋 be a uniruled or Calabi-Yau
threefold. Then 𝑋 satisﬁes the integral Hodge conjecture.
The statement above means that any 𝛼 ∈ 𝐻4 (𝑋, ℤ),
some multiple of which is cohomologous to an integral
combination of curve classes, is itself cohomologous to
an integral combination of curve classes. In the proof, it
is the geometry of suitable hyperplane sections of 𝑋 that
sheds light on 𝑋 itself: curves are simply found as curves
on surfaces cut out by hyperplanes in 𝑋. Again, the most
basic tool used to control the geometry of such families of
surfaces had been developed before by Griﬃths. However,
using it in this setting requires geometric insight as well
as technical mastery. It sheds light on the relationship
between positivity properties of the canonical bundle and
the integral Hodge conjecture, which does not hold in
general.
This theorem has had considerable impact recently. It
is a key input in rationality criteria for quadric bundles
used by many authors. Recent work of Benoist shows that
variants of this method can be used to prove de Jong’s
theorem on period-index for surfaces.
These two results and their proof reﬂect the deep
inﬂuence of Claire Voisin’s mathematics on me. She
taught me, and shows in her papers, that far-reaching and
diﬃcult conjectures such as the Hodge conjecture have
very concrete geometric consequences and that general
motivic results can be leveraged against geometric insight
in surprising ways.

April 2018

Voisin works in her oﬃce at home (2005).

The two results above come from a profound understanding of general properties of the locus of Hodge
classes. Beyond their immediate consequences, I have
myself been very inﬂuenced by this concrete incarnation
of general principle—in particular, my ﬁrst proof of the
Tate conjecture for K3 surfaces stems from an application
of related ideas to arithmetic geometry. Trying to understand the arithmetic analogues of the Hodge-theoretic
principles above in speciﬁc situations has been an important aspect of my own work where Voisin’s inﬂuence and
geometric insight have been crucial, and at least from my
perspective shows the wide impact of her mathematics.
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J. M. Landsberg
On the Geometry of Matrix Multiplication
Our story begins with a spectacular failure: The standard
algorithm to multiply two 𝑛 × 𝑛 matrices uses 𝑛3 multiplications. In 1969, while attempting to show that the
standard algorithm was optimal, V. Strassen discovered
an explicit algorithm to multiply 2 × 2 matrices using 7
multiplications rather than 8 = 23 .
Strassen’s algorithm may also be used to multiply 𝑛 × 𝑛
matrices using 𝒪(𝑛2.81 ) arithmetic operations instead
of the usual 𝒪(𝑛3 ). Subsequent work steadily lowered
𝒪(𝑛2.81 ) to 𝒪(𝑛2.38 ) and has led to the astounding conjecture that asymptotically it is essentially just as easy
to multiply matrices as it is to add them. More precisely, it has been conjectured that for any 𝜖 > 0, the
multiplication of 𝑛 × 𝑛 matrices can be performed using
𝒪(𝑛2+𝜖 ) arithmetic operations.
It is a central question to determine just how eﬃciently one
can multiply 𝑛 × 𝑛 matrices,
both practically and asymptotically. The exponent 𝜔 of matrix
multiplication is deﬁned to be
the inﬁmum over 𝜏 such that
𝑛 × 𝑛 matrices can be multiplied using 𝒪(𝑛𝜏 ) arithmetic
operations. The exponent is
a fundamental constant governing the complexity of all
operations in linear algebra, and there has been considerable eﬀort to determine or at least bound it. Regarding
practical matters, Strassen’s algorithm is practical when
large (𝑛 ≥ 2, 000) unstructured matrices are multiplied.
Given the central role of matrix multiplication in all computation, any new, eﬃcient, practical algorithm would
have dramatic impact.
In this talk, I will present a history of the problem, both
of upper and lower complexity bounds. I will discuss
how geometry, more precisely algebraic geometry and
representation theory, are used. In particular, I will explain
how, had someone asked him one hundred years ago,
the algebraic geometer Terracini could have predicted
Strassen’s algorithm. The talk will conclude with the recent
use of representation theory to construct algorithms,
more precisely, rank decompositions.
In particular I will discuss Figure 1, which arises in a
new algorithm for 3 × 3 matrices discovered by my PhD
student Austin Conner.
For those who can’t wait for the talk, a detailed history
and the state of the art appears in [1].

The exponent
of matrix
multiplication
is a
fundamental
constant.

Figure 1. My PhD student Austin Conner discovered a
new algorithm for 3 × 3 matrices.
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Author photo courtesy of J. M. Landsberg.

ABOUT THE AUTHOR

J. M. Landsberg

J. M. Landsberg is professor of
mathematics at Texas A&M University. His research interests include diﬀerential geometry, algebraic geometry, representation
theory, and complexity theory. He
coorganized a fall 2014 semester
on geometry and complexity at the
Simons Institute for Theoretical
Computing, where he also served
as a UC Berkeley Chancellor’s
professor.

J. M. Landsberg is professor of mathematics at Texas A&M University. His email address is jml@math.tamu.edu.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1659

402

Notices of the AMS

Volume 65, Number 4

AMS SPRING SECTIONAL SAMPLER
Jennifer Morse

32

Computing, Combinatorics, and 𝑘-Schur
Functions
Combinatorial structures can be used to understand symmetric functions such as Macdonald
polynomials and 𝑘-Schur functions and to attack long-standing open problems in algebraic
combinatorics.
Shortly after undergraduate school, I found myself living in a condemned house in San Diego with one of
America’s most wanted killers and tutoring surfers to
scrape by. One afternoon I saw a student sitting in a
cafe scribbling frantically over scraps of paper ﬁlled with
mysterious diagrams (Figure 1) and I was intrigued. When

Figure 1. Diagrams which illustrate how to multiply
symmetric polynomials also apply to enumerative
geometry and representation theory.
I was told not only that the diagrams capture a rule
for multiplying polynomials but that playing with these
magical combinatorial objects constituted a living and
came with subsidized housing, I was ready to sign up. The
polynomials are multivariate and have the property of
being invariant under any permutation of their variables.
For example,
3𝑥1 + 3𝑥2 + 3𝑥3 − 17𝑥1 𝑥2 − 17𝑥1 𝑥3 − 17𝑥2 𝑥3
has this symmetry property, whereas
3𝑥1 + 5𝑥2 + 3𝑥3 − 17𝑥1 𝑥2 − 17𝑥1 𝑥2 − 17𝑥2 𝑥3
Jennifer Morse is professor of mathematics at the University of
Virginia. Her email address is morsej@virginia.edu.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
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Figure 2. Combinatorial structures beautifully
characterize 𝑘-Schur functions and Macdonald
polynomials.

does not. The student’s spiel at the cafe included a defensive explanation that the same rule for computing
products of these symmetric polynomials is used to determine the structure of the cohomology of the variety
of 𝑟-dimensional subspaces of ℂ𝑛 and the decomposition of Young modules into irreducible representations.
Although my eyes glazed over at the time, the connection between polynomial computation and problems in
enumerative geometry and representation theory soon
became my personal obsession.
Now, the line of research is on other distinguished families of multivariate polynomials which carry information
of more contemporary interest. A notable example is the
Macdonald polynomials, symmetric functions which arise
in the wave equations of certain systems of quantum relativistic particles on a circle and as the Frobenius images
of bigraded Garsia-Haiman modules. As with the example
discussed at the cafe, key information is wrapped up in
products of the distinguished families or in their coeﬃcients when decomposed into more classical symmetric
function bases. However, the computations are now extremely intricate, and eﬃcient rules are notoriously hard
to come by. The challenge of ﬁnding a combinatorial
structure to naturally facilitate computation is a central
theme in algebraic combinatorics.
This was my focus in the late 1990s when Alain Lascoux,
Luc Lapointe, and I uncovered the 𝑘-Schur functions. These
are subfamilies of symmetric functions which can be used
to reﬂect the structure of quantum cohomology: products
of 𝑘-Schur functions generate Gromov-Witten invariants
for the ﬂag variety. My passion has since been to ﬁnd
and develop the combinatorics necessary for computing
with 𝑘-Schur functions. It has been exciting to ﬁnd that
a marriage of Young tableaux and the Bruhat order on
the type-𝐴 aﬃne Weyl group beautifully characterizes
𝑘-Schur functions (Figure 2). When my ’tween daughter
scowls at me for having the gall to serve ﬁsh, when my
son throws himself to the ﬂoor of a city bus howling for
no apparent reason, or when I miss the deadline to submit
my blurb to the Notices, I am calmed by the image of a
combinatorial creation and by thinking about just how
quickly we can now generate the associated symmetric
polynomials.
I look forward to sharing details about Macdonald
polynomials and 𝑘-Schur functions. We will discuss related
long-standing open problems in algebraic combinatorics
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as food for thought during breaks. Seeing a problem
unfold with simple diagrams after banging my head
against it for twenty years makes it hard to imagine doing
anything else.

Kirsten Wickelgren
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There are 27 lines on the complex Fermat cubic surface

An Arithmetic Count of the Lines on a
Smooth Cubic Surface

Author photo by Scarlett Morse.
All other images courtesy of Jennifer Morse.

{(𝑥1 , 𝑥2 , 𝑥3 ) ∈ ℂ3 ∶ 𝑥31 + 𝑥32 + 𝑥33 = −1}.
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It’s not hard to write down these lines: let 𝑥1 be a ﬁxed
third root of −1; let 𝑥2 = 𝜁𝑥3 , where 𝜁3 = −1 is another
third root of −1; and let 𝑥3 vary arbitrarily, thereby
parametrizing a line. Changing the roots of −1 and which
coordinate gets ﬁxed gives 3 × 3 × 3 = 27 lines. Now,
when the two chosen roots of −1 are both −1 itself, the
resulting line has all real coeﬃcients and therefore also
determines a line on the real surface (shown in Figure
1). There are three such lines, and they all have the
property that as you travel down the line, the rotation of
the tangent plane around the line changes direction and
never makes a full spin around the axis.
It is a celebrated nineteenth-century result due to
Salmon and Cayley that the number of lines on any
smooth cubic surface over the complex numbers is 27;
so in particular, this number does not depend on the
surface. This is no longer true over ℝ: Shläﬂi classiﬁed
smooth real cubic surfaces by their number of real lines
and tritangent planes, and there can be 3, 7, 15, or 27
real lines. Extensive work has been done classifying cubic
surfaces. Over the real numbers, Segre distinguished
between two types of real lines: If the tangent planes to
the surface along a line do not spin all the way around,
the line is called hyperbolic; otherwise it is elliptic. It
follows from work of Segre that the number of hyperbolic
minus the number of elliptic lines is always 3. In other
words, although the count of the number of lines varies,
there is a signed count that is independent of the surface.
This invariant number 3 does not seem to have been
explicitly remarked upon until recent work of OkonekTeleman, Finsahin-Kharlamov, and Benedetti-Silhol, who
also provide proofs that do not rely on an exhaustive
classiﬁcation. These modern proofs are topological. The
ﬁrst two use characteristic classes on real Grassmannians
and compute that a sign in a local contribution from a
line changes depending on whether the line is elliptic or
hyperbolic.
𝔸1 -homotopy theory was introduced in the late 1990s
by Fabien Morel and Vladimir Voevodsky. It provides
tools to do algebraic topology with spaces replaced
by polynomial equations themselves or, more precisely,
to do algebraic topology with schemes. Instead of using
Kirsten Wickelgren is assistant professor at the Georgia Institute of Technology, supported by National Science
Foundation Award DMS-1406380. Her email address is
kwickelgren3@math.gatech.edu.
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Kirsten Wickelgren

topological constructions over real points, one can use 𝔸1 homotopy theory over any ﬁeld. Moreover, information
about the arithmetic of the schemes is automatically
recorded in 𝔸1 -homotopy theory’s analogues of classical
topological tools. In my talk at the AMS Southeastern
Sectional Meeting, I’ll discuss joint work with Jesse Leo
Kass giving a count of the lines on a smooth cubic surface
over an arbitrary ﬁeld of characteristic not 2 which records
information about the arithmetic of the lines.
It is a feature of 𝔸1 -homotopy theory that certain
invariants that are elements of ℤ in classical algebraic
topology now lie in a group of formal diﬀerences of
quadratic forms due to Witt. Taking the quadratic form
to its rank then recovers the classical count over ℤ. But
a quadratic form carries more data than its rank, and
applying other invariants recovers new equalities. Aravind
Asok, Jean Fasel, Marc Hoyois, Jesse Kass, and Marc Levine,
and I have done recent work along these lines in various
contexts.
It is a consequence of joint work with Kass that there is
a ﬁxed quadratic form (I’ll tell you which one in the talk!)
that equals a sum over the lines in a cubic surface of a
weight determined by arithmetic data associated to the
line. This arithmetic data consists of the ﬁeld generated
by the coeﬃcients of the equations deﬁning the line and
the behavior of the tangent planes along that line. A
concrete consequence is the following: for a smooth cubic
surface over a ﬁnite ﬁeld, the number of elliptic lines is
even, provided the ﬁnite ﬁeld is chosen to be large enough
so that it contains all the coeﬃcients deﬁning the lines.

1

See her “WHAT IS…an Anabelian Scheme” in the March
2016 Notices, www.ams.org/publications/journals/
notices /201603/rnoti-p285.pdf.
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Sándor Kovács
Moduli Theory and Singularities
In this talk I will discuss recent advances in the moduli theory of higher-dimensional algebraic varieties. Of
course, half of the words in that sentence merit explanation, so that will be included in the talk as well. Some
of these advances concern the singularities that appear
on stable varieties and their inﬂuence on the geometry
of the corresponding moduli spaces…yet more words to
explain.
The roots of moduli theory can be traced to a short remark of Bernhard Riemann in his 1857 treatise on abelian
functions (nowadays we would say compact Riemann surfaces). This remark suggests that the space of equivalence
classes of compact complex Riemann surfaces of genus
𝑔 > 1 can be parametrized by 3𝑔 − 3 complex parameters,
which Riemann called moduli.

Figure 1. Riemann’s 3𝑔 − 3 dimensional moduli space
of compact Riemann surfaces of genus 𝑔.
In other words, ﬁx a compact connected orientable
(topological) surface of genus 𝑔 and consider the various
ways one can equip it with a complex structure. According to this remark of Riemann, the possible complex
structures can be described by 3𝑔 − 3 parameters. Or, in
modern language, the space of those complex structures
is 3𝑔 − 3-dimensional. After Riemann, these spaces are
called moduli spaces.
Sándor Kovács is the Craig McKibben and Sarah Merner Professor
of Mathematics at the University of Washington. His email address
is skovacs@uw.edu.
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Lars Ahlfors, one of the 1936 Fields medalists and one
of the ﬁrst to embark on the quest to make Riemann’s
remark rigorous, said in his 1962 ICM address: “Riemann’s
classical problem of moduli is not a problem with a single
aim, but rather a program to obtain maximum information
about a whole complex of questions which can be viewed
from several diﬀerent angles.”
An algebraic approach to moduli spaces was pioneered
by David Mumford, a 1974 Fields Medalist. When viewed
algebraically over the complex numbers, a Riemann surface is one-dimensional. Hence it is called an algebraic
curve. Taking advantage of the algebraic point of view,
Mumford extended the moduli problem to include degenerations of these algebraic curves, i.e., Riemann surfaces
with singularities (as in Figure 2). This is a delicate matter, as allowing arbitrary singularities would lead to an
intractable problem. In contrast, it is possible to improve
the singularities of the degenerate ﬁbers without changing the smooth ﬁbers of a given family of curves. For
example, consider the family of degree 5 plane curves
with equations 𝑥5 −𝑦2 +𝑡(5𝑥3 −4𝑥−4) = 0 (as in Figure 3),
parametrized by 𝑡. As long as 𝑡 ≠ 0, the above equation
deﬁnes a smooth algebraic curve, but for 𝑡 = 0 the deﬁned
curve, 𝑥5 − 𝑦2 = 0 (denoted by red in Figure 3), is singular.
However, this degeneration can be improved considerably
by making a change of variables given by 𝑦 = 𝑥2 𝑧. This
will not aﬀect the smooth members of the family, i.e., the
ones with 𝑡 ≠ 0, but will replace the singular member by
the curve deﬁned by the equation 𝑥4 (𝑥 − 𝑧2 ) = 0. Making
another change of variables given by 𝑥 = 𝑧𝑤 leads to the
equation 𝑧5 𝑤4 (𝑧 − 𝑤). The curve deﬁned by this equation
is the union of three lines, much simpler than the original
singular degeneration.
Mumford realized that a
similar process can always
be used to improve the singularities of the degenerate
ﬁbers. This led to the deﬁnition of stable curves, which
are algebraic curves whose
only allowable singularities
are transversal intersections
of smooth branches, such as
in the curve in Figure 4 deﬁned by the equation 𝑦2 =
𝑥2 (𝑥+1). Note that this picture
only shows the real points of
this curve. All complex points
and the true topology of this
curve are shown by the green
complex curve on the right-hand side in Figure 2.
In addition to giving an algebraic construction for the
moduli space of smooth algebraic curves, Mumford also
succeeded in constructing a moduli space for stable curves
and proving that this moduli space can be equipped with
the structure of a projective variety with the moduli space
of smooth algebraic curves as a dense open set.

Stable
singularities
in higher
dimensions
are much
more diverse
and
complicated.
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Figure 2. Mumford extended the moduli problem to include Riemann surfaces with singularities.

Ever since Mumford’s seminal work, many properties
of these moduli spaces have been studied. The various
applications discovered are so numerous and broad ranging that it would be impossible to list them in a concise
manner. In fact, several disciplines grew out of the study
of moduli problems, as shown by the number of MSC
classiﬁcation categories devoted to such disciplines.
Naturally, the question arises whether something similar is possible for higher-dimensional varieties as in

Figure 5. Constructing moduli spaces of higher
dimensional varieties leads to new challenges.

Figure 3. This family of plane curves can be
reparametrized to make the components of the
singular red one smooth.

Figure 5. Interestingly, this question was not answered
satisfactorily until recently, and to some extent it is still
not answered completely. There are several reasons for
this. While the singularities of stable curves are the most
simple curve singularities—the transversal intersection
of two smooth branches—stable singularities in higher
dimensions are much more diverse and complicated. The
families considered in the moduli problem are also more
complicated. A stable family of curves is simply a family
of stable curves, but this is no longer true in higher dimensions. A stable family, beyond being a family of stable
objects, has further properties which reﬂect conditions
on the family, not only on its ﬁbers. In this talk I will
discuss these intriguing issues along with the most recent
related results.

Figure 4. A stable curve, such as 𝑦2 = 𝑥2 (𝑥 + 1), is
one with no singularities except for transversal selfintersections.
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A (Co)homology Theory for Subfactors and
Planar Algebras
I am very grateful to be speaking on my joint work with
S. Vaes and S. Popa [3].
I would like to start with a construction that a priori
has nothing to do with subfactors or planar algebras.
Let 𝑆𝑛2 denote the two-sphere with 𝑛 + 1 distinct points
𝑝1 , … , 𝑝𝑛+1 removed and let 𝛿 ≥ 2 be a ﬁxed real number.
Let 𝑉𝑛 be the linear space whose basis consists of isotopy
classes of zero or more closed curves drawn on 𝑆𝑛2 , subject
to the relation that if a curve bounds a disk that does not
include any other curves or the points 𝑝𝑗 , then the curve
can be removed up to a multiplicative factor 𝛿. Figure 1
shows two equalities of diagrams on 𝑆22 . The equalities are
due to the relation ○ = 𝛿 and the fact that the drawing
is on a sphere.
⋅

⋅

⋅

=𝛿[

⋅

⋅

⋅ ] = 𝛿[ ⋅

⋅

⋅ ]

Figure 1. Removing a trivial curve is equivalent to
multiplication by 𝛿. The second equality holds
because the drawing is on a sphere.
We deﬁne a diﬀerential complex structure on (𝑉𝑛 )𝑛≥0 .
(𝑛)
2
be the map in which the point
Let 𝛼𝑗 ∶ 𝑆𝑛2 → 𝑆𝑛−1
𝑝𝑗 is glued back into 𝑆𝑛2 and the remaining points are
(𝑛)
renumbered (in order) as 𝑝1 , … , 𝑝𝑛 . Let 𝜖𝑗 ∶ 𝑉𝑛 → 𝑉𝑛−1
be the map in which a collection of curves on 𝑆𝑛2 is
(𝑛)
(𝑛)
2
redrawn on 𝑆𝑛−1
via the map 𝛼𝑗 . Then 𝜕𝑛 = ∑(−1)𝑘 𝜖𝑘
satisﬁes 𝜕𝑛 ∘ 𝜕𝑛+1 = 0, and so we can deﬁne a sequence
of homology spaces 𝐻𝑛 = ker 𝜕𝑛 / im 𝜕𝑛+1 .
The next challenge is to compute these spaces. One
is tempted to do this “by hand”; indeed for 𝑛 = 0, 1, 2
one can easily describe all arrangements of curves on 𝑆𝑛2 .
Some amount of computation then shows that 𝐻0 = ℂ and
𝐻1 = 𝐻2 = 0. However, for 𝑛 ≥ 3 things get complicated,
and I am actually not aware of an easy combinatorial
computation, even of 𝐻3 .
To compute 𝐻𝑛 we need to reinterpret them by
redrawing and making apparent the connection with
Temperley-Lieb-Jones diagrams; see Figure 2.
Leaving Temperley-Lieb-Jones diagrams aside for the
moment, let us consider what happens if we permit other
types of elements 𝑥 as in Figure 2. Suppose that 𝐺 is a
group with a ﬁnite generating set 𝑋. For each element
Dimitri Shlyakhtenko is professor of mathematics at UCLA. His
email address is shlyakht@math.ucla.edu.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
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𝑥
⋅𝑝1

⋅𝑝2

⋅𝑝3 ⋅𝑝4 =

⋅𝑝1

⋅𝑝2

⋅𝑝3 ⋅𝑝4

Figure 2. Any diagram can be redrawn to ensure that
the punctures are surrounded by parallel arcs of
circles, while all of the complexity of the diagram is
isolated in a small region 𝑥. Note that 𝑥 ends up
being what is called a Temperley-Lieb-Jones diagram:
a planar diagram in which an even number of points
along the boundary of a square are connected in a
noncrossing way by curves.

𝑔 ∈ 𝐺, let us choose a way to write 𝑔 = 𝑔1 ⋯ 𝑔𝑚 , 𝑔𝑗 ∈ 𝑋,
and consider as in [1]
def

𝑔

with relations:

=

𝑔

ℎ

𝑔1
−1
𝑔1

⋯

=

𝑔ℎ

𝑔𝑚
−1
𝑔𝑚

⋯

,

and

𝑔

theory, called the tube algebra, and it turns out that the
homology groups we discussed at the start of this article
precisely compute its Hochschild homology. The picture
becomes complete when its turns out that, due to some
Morita equivalence, our homology is the same as the
homology of a certain quasinormal inclusion of two von
Neumann algebras. In this generality, we obtain a common
way of viewing group homology, as well as homology for
ergodic equivalence relations (including 𝐿2 homology of
Gaboriau), and homology for 𝐶∗ -tensor categories. This
also leads to a computation answering the question at
the start of this paper. Using the connection between
Temperley-Lieb-Jones diagrams and the representation
category of 𝑆𝑈𝑞 (2) (here 𝛿 = 𝑞 + 𝑞−1 ) Kyed et al. [2]
have recently used Bichon’s three-dimensional projective
resolution for this representation category to conclude
that 𝐻3 = ℂ and 𝐻𝑛 = 0 for 𝑛 ∉ {0, 3}.
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Here thick lines represent multiple parallel strings. Al𝑔

though a diagram

depends on how we represented

𝑔 ∈ 𝐺 as a product of generators, if we paste such a
diagram onto the surface of 𝑆𝑛2 in such a way that top
and bottom strings are connected to each other, this
dependence disappears.
The vector spaces spanned by classes of such diagrams
drawn on 𝑆𝑛2 again form a diﬀerential complex. A little
thought shows that the map given by

𝑔1 ⊗ 𝑔2 ⊗⋯⊗ 𝑔𝑚

↦

𝑔1

𝑔2

…

𝑔𝑚

⋅𝑝𝑚+1

⋅𝑝𝑚

… ⋅𝑝2

⋅𝑝1
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is an isomorphism between the bar complex deﬁning the
group homology 𝐻∗ (𝐺; ℂ) and our diﬀerential complex!
This strongly suggests the original homology spaces 𝐻𝑘
deﬁned by curves on 𝑆𝑛2 have an interpretation as a kind
of group homology.
This is indeed the case, but a group has to be replaced
by a quantum symmetry encoded in a planar algebra
introduced by Jones in the context of his subfactor
theory. There is a nice object coming from subfactor
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AMS Einstein Public Lecture: Imagination
and Knowledge
It is an honor to give the AMS Einstein Public Lecture
this year. The title of my lecture is “Imagination and
Knowledge.” As this is a public lecture, I would like
to talk about the essence of our profession, its role in
today’s world, and the responsibilities that come with
it. We live in the age of artiﬁcial intelligence, with mathdriven information technology invading our lives at an
accelerating pace, bringing us new opportunities and
unprecedented connectivity but also multiple challenges
to our sense of identity and reality, our culture, and even
the truth. It’s not surprising that in this environment
many people look to mathematicians, expecting us to
provide some clarity and perhaps even some guidance
on how to navigate today’s world. For example, a famous
author recently asked me, “Is life just an algorithm?” In
fact, that’s what I often hear, even from some super-smart
folks: life is an algorithm; love: just a chemical reaction;
a human: nothing but a sequence of 0s and 1s. But is
it really true? That’s what I want to talk about in this
lecture.
I want to start with a quote from Albert Einstein:
“Imagination is more important than knowledge. For
knowledge is limited, whereas imagination embraces the
entire world.” In my talk, I will give examples from
the history of mathematics that support Einstein’s view.
These examples show how imagination provides bursts of
insight that enable mathematicians to make new advances
and to abandon what was taken for granted as well known
and well understood.
My ﬁrst example is the discovery of imaginary numbers (no pun intended!) in Gerolamo Cardano’s wonderful
treatise Ars Magna (circa 1545, Figure 1). At the time,
people thought that the square root of a negative number
could not possibly exist. How could it, if the square of
any real number is always nonnegative? Everybody knew
that, case closed. But Cardano did not take this “knowledge” for granted. Instead, he dared to imagine that such
numbers existed and tried to use them (speciﬁcally, the
square root of −15) to tackle mathematical problems he
was interested in. And though in the process of doing it
he endured, in his own words, “mental tortures”, he did
succeed, proving that the idea was viable. Thus, imaginary
numbers were born. Today, we cannot imagine our life
without them. Moreover, they are not just a clever trick or
a tool. They are essential elements of quantum mechanics,
describing the fundamental structure of physical reality.
Edward Frenkel is professor of mathematics at the University of
California, Berkeley. His email address is frenkel@math.berkeley
.edu.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1666
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Figure 1. In his 1545 treatise Ars Magna, Gerolamo
Cardano introduced imaginary numbers.

Without imaginary numbers, there is no Heisenberg uncertainty principle, no double slit experiment, no Bell’s
inequality. No reality as we know it.
As my second example, I want to talk about the great
Indian mathematician Srinivasa Ramanujan (Figure 2),
who was not formally trained in mathematics but made
astounding discoveries that dazzle us to this day. He
said that many of his formulas were shown to him in his
dreams by the family deity, Goddess Namagiri. As soon
as he woke up, he would commit them to writing, ﬁlling
his famous notebooks (the last one was found by George
Andrews in 1976 in a box of papers at the Trinity College
of Cambridge University). Ramanujan didn’t know how to
prove most of his marvelous formulas. As G. H. Hardy,
who became Ramanujan’s mentor and patron, put it,
“They must be true because, if they were not true, no
one would have had the imagination to invent them” [1].
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Figure 2. (a) The great Indian mathematician Srinivasa Ramanujan said that many of his formulas were shown
to him in his dreams by the family deity, (b) Goddess Namagiri.

But it took several generations of
mathematicians to
supply the missing
proofs.
Perhaps not all
mathematicians
are visited by a
goddess in their
—Kurt Gödel
dreams, but imagination
certainly
plays a crucial role in our work. My research is in the
Langlands Program, an ambitious project launched by
Robert Langlands in the late 1960s aimed at unifying
diﬀerent areas of mathematics. Langlands’s original
work connected number theory with harmonic analysis
in novel and unexpected ways, and in later years similar
patterns were found in geometry and even in quantum
physics. Studying these ideas, it is quite clear that they
were discontinuities in the path of linear knowledge; they
could only be brought out by unbridled imagination.
When we look at these examples, a bigger point emerges:
a mathematician’s mind is not a computer. Indeed, our

“The human mind
inﬁnitely surpasses
the powers of any
ﬁnite machine.”

April 2018

intuition and imagination cannot be accounted for by
computation alone (though, of course, computation plays
an essential role in our work). Or, as the great logician
Kurt Gödel (Figure 3) convincingly argued in his 1951
Gibbs Lecture to the American Mathematical Society, “The
human mind inﬁnitely surpasses the powers of any ﬁnite
machine.” Gödel is echoed by Roger Penrose, who writes,
“There is something in our conscious thought process that
eludes computation.…We have access to mathematical
truths that are beyond any robot’s capabilities” [2]. It is
essential for us mathematicians to appreciate this insight
and to share it with others; it sheds light on questions
such as, Is life an algorithm?
And that leads us to another lesson: just as mathematicians need to acknowledge, embrace, and utilize their
capacity for imagination in order to be successful, so do
all humans. Carl Jung [3] warned us that the widening rift
between imagination and knowledge (or rather, “what we
think we know”) is a symptom of “the split consciousness
so characteristic of the mental disorders of our day.” This
split has ushered in a brave new world in which multinational corporations are permitted to derive enormous
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Figure 3. Albert Einstein with Kurt Gödel, who argued
that “the human mind inﬁnitely surpasses the powers
of any ﬁnite machine.”
proﬁts from modifying and controlling humans’ behavior,
while we largely remain silent. In essence, it’s the old adage
of “divide and conquer”—exploiting our fears, which are
always based on what we think we know about ourselves
and others—now supercharged with AI-powered information technology. To counter that, we need to use our
imagination, which has always been humanity’s best antidote to dogma and oppression. Imagination is our way to
survive and uphold our dignity. For it’s the imagination
that gives us a fresh start; it’s what reminds us about our
common goals and aspirations; it’s what unites us. Dare
to imagine.

Figure 1 and parts of Srinivasa Ramanujan’s (Figure 2) are in the
public domain.
Part b of Figure 2: image of Namagiri Thayar from the Anudinam
Sri Vaishnava New Portal. “Namakkal Sri Narasimhaswami
Temple Navarathri Utsava Patrikai.” Uploaded September 25, 2014, by author Mugunthan. Accessed December 29, 2017. anudinam.org/2014/09/25/namakkal-srinarasimhaswami-temple-navarathri-utsava-patrikai.
Figure 3 courtesy of Oskar Morgenstern, photographer. From the
Shelby White and Leon Levy Archives Center, Institute for
Advanced Study, Princeton, New Jersey.
Figure 4 courtesy of Cryteria (Own work) [CC BY 3.0 (creativecommons.org/licenses/by/3.0)], via Wikimedia
Commons.
Author photo by Emily Scher, courtesy of Edward Frenkel.
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Figure 4. To counter the computer HAL 9000 of
Stanley Kubrick’s 2001: A Space Odyssey and recent
AI-powered information technology, we need to use
our imagination. That’s what gives birth to the “Star
Child” in the ﬁlm.
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Valentino Tosatti
Metric Limits of Calabi-Yau Manifolds
The main objects of my talk are the Calabi-Yau manifolds
of string theory. Mathematically, these are compact complex manifolds which admit a Kähler metric and whose
tangent bundle has vanishing real ﬁrst Chern class. The
simplest examples of Calabi-Yau manifolds are complex
tori ℂ𝑛 /Λ (Λ ⊂ ℂ𝑛 a lattice), and when the (complex)
dimension is 1 these tori, which are also known as (complex) elliptic curves, are all the examples. In dimension
2, apart from tori and their ﬁnite unramiﬁed quotients
(known as bielliptic surfaces), one also encounters 𝐾3
surfaces, which by deﬁnition are simply connected, and
their double quotients (Enriques surfaces). These are all
the 2-dimensional Calabi-Yaus by the Kodaira-Enriques
classiﬁcation of compact Kähler surfaces (in particular,
there are only ﬁnitely many topological types). A simple
example of a 𝐾3 surface is described by the equation
𝑥4 + 𝑦4 = 𝑧4 + 𝑤4 in ℂℙ3 , some of whose real points are
depicted in Figure 1, and more generally every smooth
hypersurface in ℂℙ𝑛+1 described by the vanishing of a homogeneous polynomial of degree 𝑛 + 2 in 𝑛 + 2 variables
is a Calabi-Yau 𝑛-fold.

Figure 1. The 𝐾3 surface described by the equation
𝑥4 + 𝑦4 = 𝑧4 + 𝑤4 in ℂℙ3 .
Many more examples can be constructed by considering
complete intersections in products of projective spaces,
and the number of distinct topological types of Calabi-Yau
3-folds that have been constructed so far is rather large,
but it is unknown whether there could be inﬁnitely many.
The reason for the name of these manifolds is Yau’s
resolution of the Calabi Conjecture: Calabi-Yau manifolds
are precisely the compact complex manifolds which
admit a Kähler metric whose Ricci curvature is identically
zero. These metrics are ﬂat only on tori and their ﬁnite
quotients. In all the other cases the Riemann curvature
tensor does not vanish identically, although its trace (the
Ricci curvature) does. Interestingly, these Ricci-ﬂat Kähler
Valentino Tosatti is professor of mathematics at Northwestern University. His email address is tosatti@math.northwestern.edu.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1661
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metrics are not given by an explicit construction (unless
they are ﬂat), but instead they are obtained by solving
a fully nonlinear second-order PDE of complex MongeAmpère type (involving the determinant of the complex
Hessian of a function). For example, nobody knows how
to write explicitly a Ricci-ﬂat metric on the 𝐾3 surface
𝑥4 + 𝑦4 = 𝑧4 + 𝑤4 above.
Under mild topological assumptions (simple connectedness and irreducibility), these Ricci-ﬂat metrics have
holonomy equal to either 𝑆𝑈(𝑛) (“strict Calabi-Yau” manifolds) or 𝑆𝑝( 𝑛2 ) (hyperkähler or “irreducible holomorphic
symplectic manifolds”). The fact that all 𝐾3 surfaces
admit hyperkähler metrics (note that 𝑆𝑈(2) = 𝑆𝑝(1)) is
a crucial ingredient to their study. The case of holonomy
𝑆𝑈(3) was particularly important in string theory in the
1980s and led to the development of mirror symmetry
for Calabi-Yau 3-folds.
In fact, Yau’s theorem gives more precise information:
on a given Calabi-Yau manifold with a speciﬁed Kähler
metric, there is a unique Ricci-ﬂat Kähler metric whose
Kähler form is cohomologous to it. In other words, if we ﬁx
the complex structure of a Calabi-Yau manifold, the space
of all Ricci-ﬂat Kähler metrics on this complex manifold
can be identiﬁed with the space of all cohomology classes
of Kähler forms, the Kähler cone of the manifold. This
is an open convex cone in a ﬁnite-dimensional vector
space. The “metric limits” in the title of the talk refer to
the problem of understanding the behavior of families of
Ricci-ﬂat Kähler metrics on a Calabi-Yau manifold as we
degenerate the cohomology class of their Kähler metrics
and/or the underlying complex structure degenerates.
Consider for example the 𝐾3 surface 𝑋 in ℂℙ3 described
by 𝑥4 + 𝑦4 = 𝑧4 + 𝑤4 , and map a point [𝑥 ∶ 𝑦 ∶ 𝑧 ∶ 𝑤]
𝑥2 +𝑧2 = 𝑤2 +𝑦2 whenever
on 𝑋 to the complex number 𝑤
2 −𝑦2
𝑥2 −𝑧2
this is well-deﬁned. This map extends to a surjective
holomorphic map 𝑓 ∶ 𝑋 → ℂℙ1 whose ﬁbers are elliptic
curves (except for 6 singular ﬁbers). Now consider the
family of cohomology classes of Kähler forms [𝜔𝑡 ] =
[𝑓∗ 𝜔ℂℙ1 ] + 𝑡[𝜔𝑋 ], for 0 < 𝑡 ≤ 1, where 𝜔ℂℙ1 , 𝜔𝑋 are
some ﬁxed Kähler forms on ℂℙ1 and 𝑋. By the Calabi-Yau
theorem there are Kähler forms 𝜔̃ 𝑡 on 𝑋 in the cohomology
class [𝜔𝑡 ], and these have to degenerate as 𝑡 → 0 because
the class [𝑓∗ 𝜔ℂℙ1 ] does not contain any Kähler form
(indeed, its selﬁntersection vanishes). Understanding the
behavior of the Ricci-ﬂat Kähler metrics 𝜔̃ 𝑡 as 𝑡 → 0 is
complicated, because the total volume of these metrics is
approaching zero (they are “collapsing”) and because of
the presence of the singular ﬁbers of 𝑓. Analytically, the
ellipticity of the corresponding family of complex MongeAmpère equations is degenerating everywhere. It was
only proved a few years ago in joint work by Mark Gross,
Yuguang Zhang, and me that the metrics 𝜔̃ 𝑡 converge
smoothly away from the singular ﬁbers to the pullback of
a Kähler metric with positive Ricci curvature on ℂℙ1 minus
6 points, which has mild singularities at these points, and
(𝑋, 𝜔̃ 𝑡 ) converges in the Gromov-Hausdorﬀ topology (the
natural notion of convergence of compact metric spaces)
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Figure 2. An example of a limiting metric on a
2-dimensional sphere after collapsing of Ricci-ﬂat
metrics on a 𝐾3 surface. The metric has two singular
points corresponding to singular ﬁbers of the elliptic
ﬁbration of the 𝐾3 surface.
to the completion of this metric. See Figure 2 for an
example of such a limiting metric on a 2-dimensional
sphere.
In my talk I will explain what we know in general about
such metric limits of Ricci-ﬂat Calabi-Yau manifolds,
what techniques are used to approach these questions,
and what applications these results have.
Image Credits
Figures 1 and 2 created by the author using free software SURFER,
imaginary.org/program/surfer.
Photo of author courtesy of Qiuyu Wang.
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The AMS Graduate Student Blog
Talk that matters to mathematicians.

From “Things You Should Do
Before Your Last Year”…
Write stuff up. Write up background,
write down little ideas and bits of
progress you make. It’s difficult to
imagine that these trivial, inconsequential bits will make it to
your dissertation. But recreating a
week’s/ month’s worth of ideas is
way more time-consuming than
just writing them
down now. Or better yet, TeX it up.

From “The Glory of Starting Over”…
What I would recommend is not being too
narrowly focused, but finding a few things
that really interest you and develop different
skillsets. Make sure you can do some things
that are abstract, but also quantitative/programming oriented things, because this shows
that you can attack a problem from multiple
angles. In my experience, these two sides also
serve as nice vacations from each other, which
can be important when you start to work hard
on research.

From “Student Seminar”…
A talk can be too short if not enough material is introduced to make it
interesting, but in research level talks, the last third of the talk (approximately) is usually very technical and usually only accessible to experts
in the field. I will avoid going into details that are not of general interest
and I plan to present more ideas than theorems. The
most important thing when giving any talk is to know
your audience.

on careers, research, and going the
AMS Advice
distance
… by and for math grads.
Grad
Blog blogs.ams.org/mathgradblog

THE GRADUATE STUDENT SECTION

Ljudmila Kamenova Interview
Conducted by Alexander Diaz-Lopez

Diaz-Lopez: When did you know you wanted to be a
mathematician?
Kamenova: In high school, I competed in national and
international olympiads*. It was a lot of fun because I
could use my imagination to solve tricky problems, and I

liked the traveling aspect of it. Then I knew I wanted to
be a mathematician.
Diaz-Lopez: Who encouraged or inspired you?
Kamenova: My math high school teacher Rumyana Karadjova was my first inspiration toward the field of mathematics. She collected a lot of interesting math problems
in various subjects (combinatorics, graph theory, number
theory, plane geometry) that were accessible to high school
students, and she also ran a math club on Saturdays in
which we solved challenging problems to prepare us for
math competitions. In college, my undergraduate advisor
Vasil Tsanov was also an inspiration. He was interested in
a variety of subjects and this influenced me to take interest
also in subjects that are
related to my main field
of study. And of course,
in graduate school my
PhD advisor, Gang Tian,
encouraged me a lot.
Diaz-Lopez: How
would you describe your
research to a graduate
student?
Kamenova: I work in
the field of hyperkähler
complex geometry. Compact complex manifolds with vanishing first Chern class
are built of irreducible blocks that are complex tori, CalabiYau manifolds, and hyperkähler manifolds. Hyperkähler
manifolds are simply connected and admit a non-degenerate holomorphic 2-form. Some basic problems in this
area include coming up with more examples, classifying
hyperkähler manifolds in low dimensions and proving finiteness of their deformation types. For example, the only
complex hyperkähler surfaces are K3 surfaces, and they
are all deformation equivalent to each other. Hyperkähler
geometry is still a relatively young field that started in the
early 1980s, and there are a lot of interesting directions
and open problems.

For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1669

* I have a lot of wins in national (Bulgarian) math competitions.
In the Balkan Math Olympiad, I won a gold medal with a perfect
score. In the IMO, I received a silver medal.

An idea or an
approach from
a completely
different subject
can be helpful.
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on hyperkähler manifolds and on Kobayashi
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mathematical accomplishments, Ljudmila was named
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THE GRADUATE STUDENT SECTION
Diaz-Lopez: What theorem are you most proud of and
what was the most important idea that led to this breakthrough?
Kamenova: Together with Misha Verbitsky and Steven
Lu we proved Kobayashi’s conjecture (which was open
since 1976), which states that K3 surfaces have vanishing Kobayashi pseudo-distance. If the Kobayashi pseudodistance vanishes, it means that there are entire curves,
i.e., images of the complex line C under non-constant holomorphic maps. We also proved Kobayashi’s conjecture for
large classes of hyperkähler manifolds. The idea leading to
the solution of this conjecture was to use ergodicity methods applied to hyperkähler geometry. The Teichmüller
space of complex hyperkähler structures is well-studied
and it admits an action of the mapping class group Γ,
which one can show is ergodic using theorems of C. Moore
and M. Ratner. This means that every γ-invariant measurable set has either measure 0 or 1. Using the classification
of orbits and the upper semi-continuous properties of the
Kobayashi pseudometric, we find hyperkähler manifolds
with vanishing Kobayashi pseudometric in each orbit.
Diaz-Lopez: What advice do you have for current graduate students in math?
Kamenova: When it is time to choose a doctoral advisor,
students should attend all topics courses and seminars
that seem interesting and try to talk to the potential advisors about topics that interest them. This way the student
can also judge if the two of them could communicate well.
Once the advisor and the thesis topic have been selected, it
is helpful to attend conferences and talk to other researchers and students in the area.
Diaz-Lopez: If you could recommend one book to graduate students, what would it be?
Kamenova: One of the first research math books that
I read was Milnor’s Morse Theory. I was impressed by the
clarity of its exposition.
Diaz-Lopez: All mathematicians feel discouraged occasionally. How do you deal with discouragement?
Kamenova: I am usually interested in several problems
at a time. If I am stuck on one problem, I start thinking
about another project while keeping the first one on the
back burner. If the difficulty is technical, one can usually
overcome it eventually or apply the already developed
ideas in a slightly different direction.
Diaz-Lopez: You are an avid bridge player, recently
being selected as Long Island Player of the Year. How did
you get involved in playing bridge?
Kamenova: This year (2017) was very good for me in
terms of bridge even though I didn’t play that much. Other
than being selected as the Long Island Player of the Year,
my team won a national bridge championship, and I was
the player of the December NYC regional tournament with
the most masterpoints. I started playing more seriously
while I was a graduate student at MIT. A lot of the MIT
grad students played bridge, and they were constantly
looking for a fourth player. We would mostly play on
Friday afternoons for a few hours.
Diaz-Lopez: Does your mathematical background help
when playing bridge?
APRIL 2018
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Ljudmila Kamenova after winning the Long Island
Player of the Year award in bridge.
Kamenova: Logical thinking helps in bridge because a
good player should envision the pattern of the opponents’
hands from their bidding and carding. Also, while declaring a hand, one should keep in mind the different percentages of likely distributions. It often helps to be inventive
and make a tricky play. On the other hand, in order to be
a successful bridge player, one should also understand
human psychology and “read” the opponents.
Diaz-Lopez: Any final comments or advice?
Kamenova: My final advice for graduate students is
that no matter what subject they choose to specialize in,
they should still keep learning a broad number of other
subjects, because sometimes an idea or an approach from
a completely different subject can be helpful in their specialized problem.
Photo Credits
Opening page photo courtesy of Archives of the Mathematisches
Forschungsinstitut Oberwolfach.
Photo of Kamenova as Bridge Player of the Year courtesy of Lesley
Decker-Lucas.
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WH AT IS…

Hypoellipticity?
The Editors

The two top classical partial diﬀerential equations
(PDEs) 𝒫𝑢 = 𝑓 are Laplace’s equation
Δ𝑢 ∶=

𝜕2 𝑢
𝜕2 𝑢
+
= 0,
𝜕𝑥2
𝜕𝑦2

which describes, for example, a steady-state temperature
distribution 𝑢(𝑥, 𝑦), and the wave equation
𝜕2 𝑢
𝜕2 𝑢
− 2 = 0,
2
𝜕𝑥
𝜕𝑡
which describes the small height 𝑢 of a vibrating string
as a function of 𝑥 and 𝑡. These are both linear, not
involving powers or, worse, nonlinear functions of 𝑢 or
its derivatives. In other words, the operators are of the
form
𝒫 = ∑ 𝑎𝛼 (𝑥)𝜕𝛼 .
|𝛼|≤𝑚

Here 𝜕𝛼 denotes a general mixed partial derivative
depending on the vector 𝛼: for example,
𝜕(1,2) 𝑢(𝑥, 𝑦) =

𝜕3 𝑢
.
𝜕𝑥𝜕𝑦2

For Laplace’s equation the degree 𝑚 (highest order
derivative) is 2, the relevant 𝛼 are (2, 0) and (0, 2), and
the associated coeﬃcients 𝑎𝛼 are the constants 1 and 1.
For the wave equation, again 𝑚 = 2, the relevant 𝛼 are
(2, 0) and (0, 2), and the associated coeﬃcients are 1 and
−1.
Although the equations look similar, their solutions
have vastly diﬀerent smoothness properties. Solutions to
Laplace’s equation, called harmonic functions, are smooth
(inﬁnitely diﬀerentiable), while general solutions to the
wave equation, including 𝑢(𝑥, 𝑡) = 𝑔(𝑥 − 𝑡), an arbitrary
wave 𝑔(𝑥) traveling to the right, need not be smooth
(or even continuous once you deﬁne what it means for
such a function to be a solution). The reason is that
the coeﬃcients for the second derivatives are positive
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1670
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in Laplace’s equation and of mixed sign for the wave
equation. For a second-order partial diﬀerential operator
with highest order terms
𝐴

𝜕2
𝜕2
𝜕2
+ 2𝐵
+𝐶 2,
2
𝜕𝑥
𝜕𝑥𝜕𝑦
𝜕𝑦

for smoothness it is enough to assume that the matrix
[

𝐴
𝐵

𝐵
]
𝐶

is positive deﬁnite, which in the case when 𝐵 = 0 reduces
to 𝐴 and 𝐶 both positive. Since this is the same as the
condition for
𝐴𝑥2 + 2𝐵𝑥𝑦 + 𝐶𝑦2 = 1
to be an ellipse, such PDEs are called elliptic. Ellipticity is
suﬃcient but not necessary for smoothness. For example,
solutions to the heat equation
𝜕𝑢
𝜕2 𝑢
−
=0
2
𝜕𝑥
𝜕𝑡
are smooth, even though the equation is not elliptic,
because the matrix
1 0
[
]
0 0
is not positive deﬁnite. There is no known nice condition
that is both necessary and suﬃcient for smoothness. If
all solutions are smooth, the PDE is called hypoelliptic.
Deﬁnition. A partial diﬀerential operator 𝒫 is hypoelliptic
if on every open subset: if 𝒫𝑢 is smooth, then 𝑢 is smooth.
(For nonsmooth 𝑢, 𝒫𝑢 is understood in the distributional
sense.)
Example 1. On ℝ, 𝒫 = 𝑑/𝑑𝑥 is hypoelliptic: if the derivative is smooth, the primitive is smooth.
Example 2. On ℝ2 , 𝒫 = 𝜕/𝜕𝑥 is not hypoelliptic. Indeed,
𝒫𝑢 = 0 for any function of 𝑦 alone.
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Example 3 (Hörmander). On ℝ2 ,
𝜕2 𝑢
𝜕2 𝑢
+ 𝑥2 2
2
𝜕𝑥
𝜕𝑦

turns out to be hypoelliptic even though it is not elliptic
at 0, because the matrix
1
[
0

AMERICAN MATHEMATICAL SOCIETY

0
]
0

is not positive deﬁnite.
Successively weaker versions of ellipticity that imply
hypoellipticity have been discovered under such names
as subellipticity and maximal hypoellipticity. The search
for a more precise understanding of what is necessary as
well as what is suﬃcient for hypoellipticity goes on.
For more see “WHAT ELSE about…Hypoellipticity?” on
p. 424.
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Dance Your PhD: Representations
of the Braid Groups
Nancy Scherich
Communicated by Alexander Diaz-Lopez

EDITOR’S NOTE. See the interview of Scherich by
Rachel Crowell at www.ams.org/news?news_id=3826.
I learned about the Dance Your PhD competition many
years ago, but thought it would be too impossible to turn
math research into dance. This past June, my boyfriend,
Dean, forwarded Science magazine’s announcement of
their 2017 competition to me and encouraged me to
make a submission. He said if ever there was someone
to ﬁgure out how to blend math and dance together, it
would be me. I have been a dancer and performer all
my life, and about a year and a half ago I started aerial
dance lessons. Dean suggested that I use aerial dance to
describe my work with braids.
At ﬁrst I was reluctant. But the more I relaxed and gave
myself permission to think outside of my math box, the
more the ideas came to me. Sometimes I think all you
need is the right encouragement at the right time. In my
video,1 I chose to describe braid group representations
and focus on the property of faithfulness, as my research
is highly motivated by the infamous open question of
faithfulness for the Burau representation of braid groups
for 𝑛 = 4.
Much like the braids in one’s hair, a braid is a diagram
of tangled strands. The braid group on 𝑛-strands, denoted
𝐵𝑛 , is a group whose elements are certain equivalence
classes of all the braids made with 𝑛 strands. The group
operation is vertical stacking of braids. Alternatively, the
braid group can be presented by 𝑛 − 1 generators 𝜎𝑖 and
Nancy Scherich is a ﬁfth year graduate student at UC Santa Barbara studying representations of braid groups with Darren Long.
Her email address is nscherich@math.ucsb.edu.
1
www.sciencemag.org/news/2017/11/announcing-winner
-year-s-dance-your-phd-contest

For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1657
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Figure 1. Scherich was the overall winner across all
disciplines in the 2017 Science magazine Dance Your
PhD competition with her creation of and dancing in
her video “Representations of the Braid Groups.” The
announcement says, “It involves linear algebra and
murder.” According to the video, many kernels are
annihilated, but “some are extremely clever and hide
in the matrices. It remains an open question for
mathematicians to ﬁnd these kernels.” The credits
include her advisor Darren Long and her mom.

relations:
𝜎𝑖 𝜎𝑖+1 𝜎𝑖 = 𝜎𝑖+1 𝜎𝑖 𝜎𝑖+1 and 𝜎𝑖 𝜎𝑗 = 𝜎𝑗 𝜎𝑖
for 𝑖 in {1, 2, … , 𝑛 − 2} and |𝑖 − 𝑗| ≥ 2, as in Figure 2.
A common way to study the braid groups is to look
at their representation theory. The Jones representations
of the braid groups are the representations where the
generators have two eigenvalues. It turns out that much is
known about these representations, and in fact, they are
parameterized by the Young tableaux in the same way that
the Young tableaux parameterize the representations of
the symmetric group. The Burau representation is one of
the Jones representations. All of the Jones representations
have a variable called 𝑞. The topic of my thesis is to ﬁnd
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Figure 2. The braid group can be described by the
two pictured types of relations: 𝜎𝑖 𝜎𝑖+1 𝜎𝑖 = 𝜎𝑖+1 𝜎𝑖 𝜎𝑖+1
and 𝜎𝑖 𝜎𝑗 = 𝜎𝑗 𝜎𝑖 .

careful specializations of 𝑞 to certain algebraic numbers
which then force the representation to map into a lattice.
Image Credits
Figures 1 and 2 courtesy of Nancy Scherich.
Photo of Nancy Scherich courtesy of Dean Morales.
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Browse both our print
and electronic titles at
bookstore.ams.org.

ABOUT THE AUTHOR

Nancy Scherich’s interests are
low dimensional topology, planar
algebras, quantum computation,
dancing, aerial acrobatics, sewing,
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The AMS Graduate Student Blog, by and for graduate students, includes puzzles and a variety of
interesting columns, such as this one from December 2017: blogs.ams.org/mathgradblog.

Freedom in Failure
by Deborah Wilkerson, University of Kentucky
Preliminary examination results:
Fail. Please meet with your committee members to
discuss your exam.

These are the words I have seen five out of the six times
I’ve opened an envelope after pouring my soul into studying for a prelim exam. …
Failing both prelims I attempted [my first year] only
served to cement the feeling that I wasn’t cut out for grad
school. I cried—a lot. When the next round of prelims
rolled around … I struck out again. …
Leading up to that second round of prelims, school
had started once more, and suddenly I was a second-year,
which meant that the new first-years started looking to
me for advice. … And the dreaded question came, “Which
prelims have you passed?”
What was I going to say? Would they take me seriously
if I told them that I hadn’t passed any? Would they ever
want my advice or help again? I decided to be honest, and
at first it was hard. But gradually it became easier, and I
wasn’t only honest about it, I was open about it. Slowly
but surely I embraced the fact that I had failed and I got
comfortable talking about it.
And, oh, how much freedom I felt. You see, when we
hide our failures, when we keep them locked away from
curious coworkers and friends and family, we must stay
vigilant. We have to fight every day to maintain an unrealistic image. It’s exhausting and it only perpetuates the
problem, as others begin to think that failure has its sights
set on them and them alone.
But when we unlock the door and let even a small light
in the room, it banishes the darkness. Sure, it hurts at first.
But our eyes adjust and suddenly everything is clear. And
when we share that with others, it gives them permission
422
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to fail. It gives them permission to let that guard down
and be vulnerable and, dare I say it, human.
Now, failure isn’t as scary. Because I’ve seen it, I’ve
felt it, I’ve experienced it, and I’ve come out on the other
side. This doesn’t mean the fear doesn’t creep back in. It
does. Frequently. In fact, I’m writing this as I decide which
prelim to attempt this coming January, and I feel a keen
sense of trepidation.*
But we give power to failure when we don’t talk about it.
We give it power when we hide it. So I write this to leverage
the power for my good and the good of those around me.
To remind myself why I don’t have to be afraid. To remind
YOU why you don’t have to be afraid. Because you’re not
alone in your failure, friend. And neither am I.
Photo Credit
Photo of Deborah Wilkerson courtesy of Deborah Wilkerson.

ABOUT THE AUTHOR
Deborah Wilkerson is a third year
mathematics graduate student at
the University of Kentucky. Her
mathematical interests lie in the
field of number theory. When not
studying, you can find her reading,
shopping, or baking. Her email address is deborah.wilkerson@uky Deborah
Wilkerson
.edu.

*In January Deborah took and passed the prelim in topology.
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WHAT ELSE about…Hypoellipticity?
Brian Street
Communicated by Cesar E. Silva

EDITOR’S NOTE. This is a deeper follow-up to “WHAT
IS...Hypoellipticity?” on p. 418.
Let 𝒫 = ∑|𝛼|≤𝑚 𝑎𝛼 (𝑥)𝜕𝑥𝛼 be a linear partial diﬀerential
operator of degree 𝑚 on ℝ𝑛 with smooth coeﬃcients
𝑎𝛼 ∈ 𝐶∞ (ℝ𝑛 ). Consider the equation 𝒫𝑢 = 𝑓 (where 𝑢
and 𝑓 are distributions). A basic problem is: given 𝑓 what
can one say about 𝑢? Even the simplest 𝒫 have nontrivial
nullspaces, so one cannot hope to recover 𝑢 completely
from 𝑓. One often resorts to understanding what sort of
properties 𝑢 inherits from 𝑓. For example, if 𝑓 is smooth,
does it follow that 𝑢 is smooth?
Deﬁnition. We say 𝒫 is hypoelliptic at 𝑥0 ∈ ℝ𝑛 , if whenever 𝒫𝑢 is 𝐶∞ on a neighborhood of 𝑥0 , then 𝑢 is 𝐶∞ on
a neighborhood of 𝑥0 .
𝑑 is hypoelliptic at every point
Example 1. On ℝ, 𝒫 = 𝑑𝑥
𝑥0 ∈ ℝ. This follows from the fundamental theorem of
calculus: 𝑢(𝑥) = ∫𝑥𝑥0 𝒫𝑢(𝑡) 𝑑𝑡 + 𝐶.
𝜕
Example 2. On ℝ2 with coordinates (𝑥, 𝑦), 𝒫 = 𝜕𝑥
is not
2
hypoelliptic at any (𝑥0 , 𝑦0 ) ∈ ℝ . Indeed 𝒫𝑢 = 0 for any 𝑢
that depends only on 𝑦, and thus 𝑢 need not be smooth.

We can formulate a more quantitative version of
hypoellipticity using Sobolev spaces. For 𝑝 ∈ [1, ∞],
𝑝
𝑠 ∈ ℝ, let 𝐿𝑠 denote the 𝐿𝑝 Sobolev space of order 𝑠
𝑛
on ℝ (sometimes denoted by 𝑊𝑠,𝑝 ). When 𝑠 ∈ ℕ, this is
the Banach space of distributions 𝑣 such that 𝜕𝛼 𝑣 ∈ 𝐿𝑝 ,
|𝛼| ≤ 𝑠. We also use the following notation. For two
Brian Street is associate professor of mathematics at the University of Wisconsin–Madison. His email address is street@math
.wisc.edu.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1664
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functions 𝜙1 , 𝜙2 ∈ 𝐶0∞ (ℝ𝑛 ), we write 𝜙1 ≺ 𝜙2 if 𝜙2 ≡ 1
on a neighborhood of the support of 𝜙1 . Furthermore, we
write {𝑥0 } ≺ 𝜙1 if 𝜙1 ≡ 1 in a neighborhood of 𝑥0 .
A simple consequence of the Sobolev embedding theorem is that 𝑣 is 𝐶∞ near 𝑥0 ∈ ℝ𝑛 if and only if there exists
{𝑥0 } ≺ 𝜙 ∈ 𝐶0∞ such that 𝜙𝑣 ∈ ⋂𝑠 𝐿2𝑠 . From this the next
lemma is immediate.
Lemma 1. Let {𝑥0 } ≺ 𝜙1 ≺ 𝜙2 . Suppose ∀𝑠 ∈ ℝ, ∃𝑟(𝑠) ∈
ℝ such that 𝜙2 𝒫𝑢 ∈ 𝐿2𝑟(𝑠) ⇒ 𝜙1 𝑢 ∈ 𝐿2𝑠 . Then 𝒫 is hypoelliptic at 𝑥0 .
One of the most classical hypoelliptic operators is the
Laplacian on ℝ𝑛 : △ = − ∑𝑛𝑗=1 𝜕𝑥2𝑗 . For △𝑢 = 𝑓, taking the
Fourier transform yields |𝜉|2 𝑢̂ = 𝑓.̂ Thus, one can try
to solve for 𝑢 by taking the inverse Fourier transform
of |𝜉|−2 𝑓.̂ There are several diﬃculties in making this
argument precise; once they are overcome, this idea can
be used to show that △ is hypoelliptic at every point in
ℝ𝑛 .
Remarkably, the same idea can be used for a wide class
of operators that do not have constant coeﬃcients: the
elliptic operators. This is one of the most basic applications
of pseudodiﬀerential operators, which were introduced by
Kohn and Nirenberg and whose properties were studied
and applied by Hörmander and many others.
Deﬁnition. We say that 𝒫 is elliptic at 𝑥0 if
𝛼
∑ 𝑎𝛼 (𝑥0 )𝜉 = 0
|𝛼|=𝑚

only if 𝜉 = 0.
Let 𝒫 be elliptic at 𝑥0 and ﬁx {0} ≺ 𝜓. For 𝑥 near 𝑥0 , the
inverse Fourier transform in 𝜉 (treating 𝑥 as a constant) of
̂
(1−𝜓(𝜉))(∑|𝛼|=𝑚 𝑎𝛼 (𝑥)𝜉𝛼 )−1 𝑓(𝜉)
is a function of 𝑥 alone;
let 𝑇𝑓(𝑥) denote this function. Then, 𝑇𝒫𝑢 = 𝑢 + 𝑒, where
𝑒 is smoother than 𝒫𝑢. Iterating this result leads to the
hypoellipticity of 𝒫 at 𝑥0 . In fact, one can show that there
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exist {𝑥0 } ≺ 𝜙1 ≺ 𝜙2 such that for 𝑝 ∈ (1, ∞), 𝑠 ∈ ℝ,
𝑝
𝑝
𝜙2 𝒫𝑢 ∈ 𝐿𝑠−𝑚 ⇒ 𝜙1 𝑢 ∈ 𝐿𝑠 . Thus 𝑢 is smoother than 𝒫𝑢
by 𝑚 derivatives. Since 𝒫 is a diﬀerential operator of order
𝑚, this is the best one
could possibly hope
for. See [3] for further
details and a history of
these ideas.
Hypoellipticity becomes more subtle
when 𝒫 is not elliptic.

Hypoellipticity
becomes more
subtle.

Deﬁnition. We say 𝒫 is subelliptic at 𝑥0 if ∃𝜖 > 0 such
that the conditions of Lemma 1 hold with 𝑟(𝑠) = 𝑠 − 𝜖.
Thus if 𝒫 is subelliptic at 𝑥0 , then 𝑢 is smoother than
𝒫𝑢 by 𝜖 derivatives (in 𝐿2 Sobolev spaces). This can be
much weaker than ellipticity, where we have 𝜖 = 𝑚. It
is clear from Lemma 1 that if 𝒫 is subelliptic at 𝑥0 ,
then 𝒫 is hypoelliptic at 𝑥0 . Unlike for elliptic operators,
recognizing if an operator is subelliptic can be quite hard.
Let 𝑋1 , … , 𝑋𝑟 be smooth vector ﬁelds on ℝ𝑛 . Deﬁne
ℒ = 𝑋1∗ 𝑋1 + ⋯ + 𝑋𝑟∗ 𝑋𝑟 , where 𝑋𝑗∗ denotes the formal 𝐿2
adjoint of 𝑋𝑗 . (When 𝑋𝑗 = 𝜕𝑥𝜕 𝑗 , 𝑗 = 1, … , 𝑛; then ℒ = △.)
Example 3. If the vector ﬁelds 𝑋1 , … , 𝑋𝑟 are tangent to
a lower dimensional submanifold of ℝ𝑛 passing through
𝑥0 , then ℒ is not hypoelliptic at 𝑥0 . This generalizes Example 2.
Hörmander dealt with the opposite situation.
Deﬁnition. We say 𝑋1 , … , 𝑋𝑟 satisfy Hörmander’s condition at 𝑥0 if the Lie algebra generated by 𝑋1 , … , 𝑋𝑟 spans
the tangent space at 𝑥0 .
Hörmander proved that if 𝑋1 , … , 𝑋𝑟 satisfy this condition at 𝑥0 , then ℒ is subelliptic at 𝑥0 . ℒ is called the
Hörmander sub-Laplacian.
Example 4. On ℝ2 , let 𝑋1 =
𝜕
𝜕𝑦

𝜕
,
𝜕𝑥

𝜕
𝑋2 = 𝑥 𝜕𝑦
. Then [𝑋1 , 𝑋2 ] =

so that 𝑋1 , 𝑋2 satisfy Hörmander’s condition at every

(𝑥0 , 𝑦0 ) ∈ ℝ2 . Thus, ℒ = 𝑋1∗ 𝑋1 + 𝑋2∗ 𝑋2 = −𝜕𝑥2 − 𝑥2 𝜕𝑦2 is
subelliptic at every (𝑥0 , 𝑦0 ) ∈ ℝ2 . ℒ is not elliptic at any
point of the form (0, 𝑦0 ).
In fact, Hörmander’s sub-Laplacian is one of the
most fundamental examples of a far-reaching generalization of ellipticity, known as maximal hypoellipticity.
Let 𝑄(𝑦) = ∑|𝛼|≤𝑚 𝑏𝛼 (𝑥)𝑦𝛼 be a polynomial of degree 𝑚
in noncommuting indeterminates 𝑦1 , … , 𝑦𝑟 , with smooth
coeﬃcients 𝑏𝛼 ∈ 𝐶∞ (ℝ𝑛 ): here we have used ordered
multi-index notation to deal with the noncommuting
indeterminates. If 𝑋1 , … , 𝑋𝑟 are vector ﬁelds, then it
makes sense to consider 𝒫 = 𝑄(𝑋1 , … , 𝑋𝑟 ) as a partial
diﬀerential operator of degree at most 𝑚.
Deﬁnition. Suppose 𝑋1 , … , 𝑋𝑟 satisfy Hörmander’s condition at 𝑥0 . We say 𝒫 = 𝑄(𝑋1 , … , 𝑋𝑟 ) is maximally hypoelliptic at 𝑥0 if there exist {𝑥0 } ≺ 𝜙1 ≺ 𝜙2 such that
𝜙2 𝒫𝑢 ∈ 𝐿2 ⇒ 𝜙1 𝑋𝛼 𝑢 ∈ 𝐿2 for all ordered multi-indicies
𝛼 with |𝛼| ≤ 𝑚.
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A general method of a priori estimates developed by
Kohn can be used to show that maximally hypoelliptic
operators are subelliptic. Beyond subellipticity, Kohn’s
method does not give a complete understanding of
maximal hypoellipticity, and unlike the case of elliptic
operators, the Fourier transform is not a decisive tool.
Despite these problems, many of the classical results for
ellipticity generalize to the case of maximal hypoellipticity
using singular integral operators. This was carried out by
many authors, led by E. M. Stein. See [2, Ch. 2] for details
and a history of these ideas.
Unfortunately, it can be quite diﬃcult to recognize
when a particular operator is maximally hypoelliptic.
There is a deep conjecture of Helﬀer and Nourrigat
relating this to representations of nilpotent Lie groups;
however this conjecture remains open.
Finally, we mention a delicate phenomenon which
is far from being understood: hypoelliptic operators
that are not subelliptic. For example, Kohn considered
the setting of Hörmander’s sub-Laplacian, but with real
vector ﬁelds replaced by complex vector ﬁelds [1]. On ℝ2 ,
∗
let 𝐿 = 𝜕𝑥 + 𝑖𝑥𝜕𝑦 , 𝐿 = 𝜕𝑥 − 𝑖𝑥𝜕𝑦 . Set ℒ = 𝐿 𝐿 + (𝑥𝑘 𝐿)∗ 𝑥𝑘 𝐿;
it is easy to see that the complex Lie algebra generated
by 𝐿 and 𝑥𝑘 𝐿 spans the complexiﬁed tangent space
at every point (as in Hörmander’s condition). However,
Kohn showed that ℒ is not subelliptic for 𝑘 ≥ 1: at the
point (0, 0), ℒ satisﬁes the conditions of Lemma 1 with
𝑟(𝑠) = 𝑠 + 𝑘 − 1, and no better. Hence, counterintuitively,
ℒ𝑢 might be more smooth than 𝑢, despite the fact
that ℒ is hypoelliptic. Surprisingly, it is a result of
Christ that in ℝ3 with coordinates (𝑥, 𝑦, 𝑡), the operator
ℒ + 𝜕𝑡∗ 𝜕𝑡 is not hypoelliptic at (0, 0, 0). Thus the complex
analog of Hörmander sub-Laplacians might be subelliptic,
might be hypoelliptic but not subelliptic, or might not
be hypoelliptic at all. Besides these and some other
intriguing results, many aspects of hypoellipticity without
subellipticity remain uncharted territory.
In conclusion, we have: Ellipticity ⇒ Maximal Hypoellipticity ⇒ Subellipticity ⇒ Hypoellipticity, and none of
the reverse implications hold.
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Balancing needs and seeking solutions for a complex changing world
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How long will the summer
Arctic sea ice pack survive?

We are surrounded by complex systems. Familiar examples
include power grids, transportation systems, financial
markets, the Internet, and structures underlying everything
from the environment to the cells in our bodies. Mathematics
and statistics can guide us in understanding these systems,
enhancing their reliability, and improving their performance.
Mathematical models can help uncover common principles
that underlie the spontaneous organization, called emergent
behavior, of flocks of birds, schools of fish, self-assembling
materials, social networks, and other systems made up of
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Mathematics
and Statistics
Awareness Month
April marks a time to increase the understanding and appreciation of
mathematics and statistics. Why? Both subjects play a significant role
in addressing many real-world problems—climate change, disease,
sustainability, the data deluge, internet security, and much more.
Research in these and other areas is ongoing, revealing new results and
applications every day in fields such as medicine, manufacturing, energy,
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In many sports, new analytics are being used to pinpoint the crucial
factors that underlie performance and, ultimately, the outcome of the
game. In baseball, modern statistics such as wins above replacement (the
difference between the number of wins a player contributes versus
that of a freely available replacement) are now often given more
weight than the standard measures of batting average (fraction of hits
per plate appearance) and earned run average (runs—not due to
errors— allowed per nine innings). Major League teams now employ
over 100 analysts who quantify many aspects of the game in order to
better understand it. In fact, math has become so common that one
team analyst said, “Frankly, it’s easier to list what math isn’t used for
than what it is.”
Andy Andres
Boston University
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Mathematically Modeling Baseball
Bruce G. Bukiet

Baseball lends itself to mathematical modeling. A play in
baseball mainly involves just two people, a pitcher facing a
batter. The other players on the field have a much smaller
influence. As a first approximation one can ignore the
influence of fielding ability. The situation—runners on
base, number of outs, current score—is clear before and
after the batter’s turn. This simplicity sets baseball apart
from a sport like basketball with ten players on the court
simultaneously passing, picking, dribbling, and guarding
before a shot is taken or points are scored.
As a sample for Notices readers, we now describe a
model we developed, which over the past twenty years
has fared well in informal comparisons with other sportswriters.1 For 2017 the method correctly projected all of
the division winners but no wild card teams (see Figure 1).

Bruce Bukiet is associate professor of mathematical sciences and
associate dean for undergraduate studies in the College of Science
and Liberal Arts at New Jersey Institute of Technology. His email
address is bukiet@njit.edu.
1 See w e b . n j i t . e d u / ~ b u k i e t / b a s e b a l l / s e a s o n _
review_2013.htm and the annual contests at Baseballphd.net.

For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1667

428

Notices

The difference between using the best possible lineup
and worst possible lineup is as much as four wins in a
season. Before our work, it was thought to be much less.
Trades can be modeled in a straightforward way by
swapping players’ transition matrices to their new teams.
We showed that a fairly good home run hitter is much
more valuable (in terms of team wins expected) than an
excellent singles hitter.
We verified the claim in Michael Lewis’s book Moneyball that replacing several strong and weak hitters with
an equal number of average hitters should lead to similar
performance.
Our model has been used to determine whether a
game is worth wagering on, depending on the payoff (for
entertainment purposes only, of course). It has been used
to compute the relative value of highly paid players, average paid players, and the lowest paid players (in work
performed with undergraduate student Iman Kazerani).
We have also used the method to evaluate who should win
baseball’s Most Valuable Player and Cy Young Awards—
which player would have added the most wins to a team
of average players that season (in work with Kevin Fritz,
a high school student at the time [2]).
First attempts. In the late 1980s I attempted with brute
force to compute expected baseball scores from hitting
data. At that time it wasn’t easy to obtain much baseball
data beyond “at bats,” hits, doubles, triples, home runs,
outs, and walks for batters, and wins, losses, strike outs,
innings pitched, home runs, hits and
walks allowed, and earned run averages for pitchers. A key consideration
in modeling baseball is that the order
of events matters: a single followed by
a home run yields two runs, while the
reverse yields just one run immediately. Reducing the batting data to the
probability of just six events—walks,
singles, double, triples, home runs,
and outs—and using a simple model
for runner advancement (to be described later), I programmed a computer to enumerate all possible sequences
of events that the lineup could experience to get to 27
outs. I quickly learned that analyzing a single lineup would
take many years. Since about 40 plate appearances occur

Simplicity
sets
baseball
apart.
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Figure 1. For 2017 the method correctly projected all of the division winners but no wild card teams.
for a team in a typical 9-inning game, over 640 sequences
would have to be analyzed for a given lineup. This would
have taken more than a quadrillion years on a late 1980s
computer. I learned that brute force methods may be easy
to code but impossible to run in reasonable time. I needed
to streamline the computation.

easy to code but
impossible to run in
reasonable time

where

A Markov process model. Several researchers (e.g.
Bellman [1] and Trueman [4]) had considered baseball
as a Markov process in order to study managerial decision-making, such as when bunting or stealing is worthwhile. In a Markov process, the probability of the next
state depends only on the current state, not on the history.
In baseball there are 3 x 8 + 1 = 25 states for the batting
team: 0, 1, or 2 outs times 8 base-runner situations (no
one on base, man on first, … , bases loaded) plus the final
“absorbing” 3-out state. For every batter, pitcher, and
perhaps other factors, we can develop a 25x25 matrix
representing the transition probability of moving from
one of these states to another.
For demonstration purposes, we make certain simplifying assumptions:
(1) on a walk, runners advance if forced;
(2) on a single, a runner on first advances to second
base while other runners score;
(3) on a double, a runner on first base advances to third
base and other runners score;
(4) on a triple, all base runners score;
April 2018

(5) on a home run, all base runners and the batter score;
and
(6) on an out, runners do not advance.
The transition matrix, P, can be written:

Notices

B = Pout I8 ; C = 08x8 ; D = 08 ; E = 08 ; F = Pout.
Here PW, PS, PD, PT, PH, Pout are the probabilities of the batter
walking, and getting a single, double, triple, home run, or
out, respectively, and must sum to 1. I8 is the 8x8 identity
matrix. Superscripts indicate the number of runs, if any,
scored on the particular transition. D, E, and F are column
vectors with 8 entries representing transitions arising
from going from zero outs to three outs (triple plays),
from one out to three outs (double plays), and from two
outs to three outs, respectively. Since we ignore double and
triple plays, the C, D, and E submatrices are all zero. The
of the
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A submatrix represents
transitions where no
outs occur. The first
row of A represents
transitions from no
one on to no one on,
man on first, man on
second, man on third,
men on first and second, men on first and
third, men on second
and third, and bases
loaded, respectively.
The other rows of A
represent transitions to
these states from man
on first, man on second, etc. The “1” on the bottom corner
represents the absorbing 3-out state.
Games start with no one on and no one out, which we
represent by a row vector, U, with 25 entries—the first is
1 and the rest are zero. By multiplying UP1 we find the
probability of being in any situation after the first batter’s
plate appearance. Multiplying the resulting row vector by
P2 gives the probabilities after the second batter. (Here P1,
etc. represent the transition matrix for the batter in that
position in the lineup). Going through the lineup in this
manner and keeping track of runs scored and returning
to the no on, no out state when 3 outs are reached and
keeping track of the inning, gives the probability of the
lineup scoring 0, 1, 2, ... runs during the 9-inning game.
The structure given above allows for tremendous flexibility. One may revise the runner advancement model, for
example by considering that, on a single, a runner on first
may stop at second, or at third, or even score or be thrown
out; so the probability of getting a single can be partitioned
based on actual or model data. Researchers (e.g. Hirotsu
and Wright [3]) have included dependence on balls, strikes,
inning, or score leading to transition matrices with over
one million rows and columns. Finding sufficient data to
set the entries of such a transition matrix appropriately
may be problematic.
Using the method above improved the very long brute
force computation method from quadrillions of years
down to under 1.5 seconds in the early 1990s. Other
researchers have included dependence on balls, strikes,
inning, or score. These analyses lead to transition matrices
with over one million rows and columns. Yet, the structure
described above, with the 25x25 core transition matrix for
each batter, yields many interesting results, including, for
example, about optimal line-ups. One manager quipped
that he would use all possible lineups in spring training
and then decide which one to use during the season;
for nine batters, there are 9!=362,880 possible lineups.
Clearly, this is not possible. Computing the expected
number of runs for each lineup shows that the best possible lineup should have the “slugger” bat second or third
and the pitcher (who is part of the lineup in the National
League) bat seventh or eighth.

Batting orders
and win
probabilities
interest far more
people than
my research in
detonation theory.
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Recent years have seen a great increase in appreciation
for the utility of math and statistics to improve team performance, and MLB teams are reported to have developed
statistics and analytics groups. New technologies have led
to new metrics. The model described above can indirectly
incorporate the influence of new metrics like launch angles, exit velocity, and opportunity time.
Through this work I have been able to bring an appreciation of the value of math to a wide group of people:
batting orders and win probabilities interest far more
people than my research in detonation theory. I’ve gained
experience speaking to the media, learning just to promote
math’s value and power and to avoid getting bogged down
in the statistical nuances. I have used math modeling of
baseball as a hook to recruit students to pursue math
majors and minors and have provided high school and
college students with research opportunities, leading to
several papers and presentations with students. Recently
an undergraduate student, Kelvin Rivera, performed an
independent study project demonstrating that our model
could be used for football, something for decades I didn’t
think could work. You never know the next amazing insight you’ll get from pursuing math modeling.
References
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Directions for
Mathematics
Research Experience
for Undergraduates
A Review by Tamás Forgács

Directions for Mathematics Research Experience for
Undergraduates
M. A. Peterson, and Y. A. Rubinstein, eds.
World Scientiﬁc Publishing, 2016
ISBN 978-981-4630-31-3
Undergraduate research in mathematics as a concept is
only about a half a century old. In the early years it was
draped in a shroud of skepticism fueled by the belief that
research had to be conducted at leading institutions by experts in the ﬁeld, not by undergraduate students between
semesters at a “summer camp.” It would take decades for
this shroud to lift. Lift it would, however, due to the sustained quality of student research and to an enlightened
understanding of its possibilities.
The National Science Foundation (NSF) has now funded
Research Experiences for Undergraduates (REU) sites in
mathematics for over twenty-ﬁve years at a fairly consistent level (about ﬁfty active sites a year). In fact, in the
words of the National Science and Technology council,
Tamás Forgács is an associate professor of mathematics at
the California State University, Fresno. His email address is
tforgacs@mail.fresnostate.edu.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1660
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“The REU program is a highlight of the [mathematical sciences] workforce program…and is an exemplary program
in its broader impacts.” 1 The NSF has supported undergraduate research through many additional programs, including VIGRE, RTGs, CURM and NREUP through the MAA.
The November, 2017 issue of the American Mathematical
Monthly showcases the impact of the enterprise, and is
dedicated entirely to undergraduate research.
Platforms for undergraduates to disseminate their
work have grown both in number and in capacity. At
the annual Joint Mathematics Meetings, students now
present 400 posters and give around 200 talks. Several
journals specialize in undergraduate research, and most
research journals include undergraduate authors.
The now widespread understanding of the beneﬁts has
led to increased interest in undergraduate research that
has far outpaced the growth in opportunities. Many REUs
receive 40–50 qualiﬁed applications per available spot.
We have to address the issues of scalability of undergraduate research programs, the role of research in the
undergraduate curriculum, and the role of colleges and
universities in the endeavor and in bearing the associated
costs.

1

p. 16
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Figure 1. REUs provide an alternative to the “lonely
genius” research model. Selina Foster, Malachi
Alexander, Gianni Krakoﬀ, 2016 Knot Theory Group,
mentored by Jennifer McLoud-Mann at the UW Bothell
REU.

Figure 2. The program includes a full year at their
own school and a summer month at an REU site. Back
row: Gabriel Coloma, Lily Wittle, Rita Post, Theresa
Thimons, Marina Pavlichich; middle row: Luke Wade,
Comlan de Souza, Marcell Nyerges (visitor), David
Ariyibi, Ben Thomas, Katherine Blake, Marguerite
Davis, Erica Sawyer; front row: Nicholas Lohr, Tamás
Forgács, Alicia Prieto-Langarica, Lexi Rager, Carmen
Caprau.

An Overview of the Book
Directions for Mathematics Research Experience for Undergraduates notes that the success of REUs across a wide
variety of institutions means that many undergraduates
“now understand better what mathematics really is.” REUs
have also contributed to change in the culture of mathematics by providing an alternative to the “lonely genius”
research model. Many students of early REUs now hold
faculty positions at various colleges and universities, and
have carried the tradition of collaborative research into
the realm of everyday academia.2. Many programs currently also oﬀer professional development opportunities.
Students learn about writing and presenting mathematics, and about applying to graduate schools and jobs. Today’s research experiences take various diﬀerent forms in
addition to the traditional residential summer REUs. For
example, students may undertake research projects spanning several semesters and, on occasion, multiple disciplines. Students might be mentored by advanced undergraduate or graduate students and post-docs instead of
faculty, and can also enroll in research based (credit earning) courses at their own institutions.
The Contributions
The editors of the volume have brought together a diverse and experienced group of contributors, including
administrators at the NSF and at universities, faculty,
and graduate student mentors. Each of the contributions
is forward looking in its conclusions, often explicitly
2

See J. W. Grossman’s “Patterns of Research in Mathematics” in
the January 2005 Notices www.ams.org/notices/200501/feagrossman.pdf We note, in particular, that while the percentage
of papers with two authors has been steadily rising since the
1940s, the percentage of papers with three or more authors
has grown non-linearly, from barely 1 percent in the 1940s, to
5 percent in the 1970s to 13 percent in the 1990s.
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identifying areas for improvement, and yet laden with
optimistic expectations. Donal O’Shea (President, New
College of Florida) opens the collection with a historical overview of undergraduate research in mathematics
and aptly discusses the enterprise in the context of the
politico-scientiﬁc arena, calling for a macro level and systemic assessment of undergraduate research programs,
lest the venture experience a funding crisis similar to
that of the 1980s. As O’Shea argues, it is incumbent on
the agents of the enterprise to demonstrate its long-term
contributions to the development of mathematics and
new generations of mathematicians.
Chapter Two is a contribution from the author of
this review on a program at Primarily Undergraduate Institutions, where access to federal funding
might be limited, but talent is nonetheless present.
The “FURST”program (see Figure 2) also gives an alternative
to the traditional REU format
in that it is a year-long eﬀort:
students work with their own
faculty for a calendar year and
visit an existing REU site during the summer in order to
beneﬁt from the REU site’s cocurricular programs, such as guest lectures, student
presentations, and professional development workshops.
Chapter Three details the structure and achievements of
a laboratory course in mathematics by K. Lin and H. Miller
at MIT (see Figure 3). It is a wonderful example of a largescale eﬀort to involve undergraduate students in research
projects. The primary emphasis of the program is to allow
students to discover mathematics previously unknown
to them in a “research-like” process while earning credit
towards their degrees.
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Figure 3. The MIT project lab allows students to
discover mathematics previously unknown to them in
a research-like process while earning credit towards
their degrees.

The next two essays are on programs in which faculty
involvement is minimal or limited: the Stanford Undergraduate Research Institute in Mathematics (R. Vakil, Stanford, and Y. A. Rubinstein, University of Maryland), and
the Berkeley Summer Research Program for Undergraduates (D. Cristofaro-Gardiner, UC Santa Cruz). Both programs involved graduate student research mentors, and
tackled problems in research areas that are underrepresented in REUs, such as analysis and geometry.
Chapter Six (P. May, University of Chicago) describes a
few of the in-house programs
at Chicago, one of which is
the hugely successful directed
reading program, which has
built great rapport between the
scores of undergraduates who
want to learn more mathematics and graduate students
who want to mentor them. The program is inexpensive to
operate, and is hence reasonably easy to replicate at any
school with a sizable graduate student population.
The next two chapters describe how REUs can bring
about social change. Carlos Castillo-Garsow (Eastern
Washington) and Carlos Castillo-Chavez (Arizona State)
write about the nationally acclaimed Mathematical and
Theoretical Biology Institute (MTBI), whose primary goal
has been to eﬀect social change. The program excels in
involving students underrepresented in the mathematical sciences in its operation, four-ﬁfths of whom have
completed PhDs since 1996. Half of all MTBI PhD recipients are women. Problem selection at MTBI is entirely
student driven and often results in projects that have
everyday relevance to students’ lives and social change.
The authors argue that introducing research modeling
experiences early on can bring about improvement in the
K–12 mathematics education of students.

REUs can
bring about
social change.
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W. Y. Velez (University of Arizona) writes about the Arizona model of recruiting students into the mathematics
major and minor. He argues that mathematics is so pervasive that essentially any major can beneﬁt from adding
math as a minor or a second major. Research experiences
come into play in a diﬀerent light here. Once a school has
600+ majors along with 700 minors, it becomes infeasible to involve them all in a mathematics research project.
The answer, says Velez, is to include them in any kind
of research project which can use mathematics or statistics, such as projects in biology, chemistry, computer
science, ﬁnance, economics, or medicine. In fact, Velez
argues that the nature of PhD programs in the mathematical sciences has changed so much that students don’t
necessarily need exposure to mathematics research in the
traditional sense.
The last two contributions about programs both describe institutionalized eﬀorts to involve students in research. The Gemstone Honors Program (F. J. Coale, K. Skendall, L. K. Tobin, and V. Hill) at the University of Maryland is a 550-student, four-year long interdisciplinary research experience, which starts with students identifying
research questions, and ends with presentations. The program requires a team of mentors, faculty, librarians, and
a dedicated program staﬀ, which makes it challenging
to replicate at schools with limited resources. The freshman research initiative (J. T. Beckham, S. L. Simmons, and
G. M. Stovall) at the University of Texas Austin sees research engagement as a solution to the STEM shortage,
and provides students with courses on elements of research and projects in ongoing faculty research.
The volume concludes with a short essay on the importance of macro scale assessment of research experiences
by J. Pearl, NSF) and a ﬁnal chapter by the organizers of
the conference on which the anthology is based (G. Davidoﬀ, M. Peterson, M. Robinson, and Y. A. Rubinstein).
What to Expect From Reading this Book
While I am not one of the early pioneers of undergraduate
research, I have been around various incarnations of undergraduate research programs for about a decade, and
expected to know about most of what would be included
in this collection. I was wrong in that expectation, and
have certainly learned a lot not only about some great
eﬀorts and research programs throughout the nation,
but also the ways they adapt to their rather diverse situations. Diﬀerences between participating student bodies,
faculty commitments, institutional constraints, program
goals and philosophies all manifest in programs with
diﬀerent attributes and characteristics. (Figure 4 is an
example of one-on-one mentoring at a private liberal arts
college during the academic year.)
Despite the diﬀerences, I found that almost all had
something relevant to say about programs at my own
institution. In this sense, the collection transcends the
traditional institutional division lines (private, public,
large, small, research, undergraduate, etc.) and has something to oﬀer for readers in every realm of academia.
The collection challenges the reader to think about how
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Professor of
Mathematics
→ The Department of Mathematics
(www.math.ethz.ch) at ETH Zurich
invites applications for the above-mentioned position.

Figure 4. In an example of institutionally supported
one-on-one mentoring, Elvis Kahoro and Stephan
Ramon Garcia work on a number theory project at
Pomona College.

to implement and improve undergraduate research experiences, what such experiences mean to students and
faculty, and how such experiences can take a permanent
place in the modern preparation of undergraduate mathematics and STEM majors. The book is an open invitation
to learn about what has worked and what hasn’t in the
context of undergraduate research. It is a great source of
inspiration, and has the potential to ignite initiatives with
long-lasting beneﬁts to students and faculty nationwide.
Photo Credits
Figure 1 courtesy of Marc Studer, University of Washington Bothell.
Figures 2 and 5 courtesy of Tamás Forgács.
Figure 3 courtesy of MIT OpenCourseWare.
Figure 4 courtesy of Mark Wood.
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MEMBER SPOTLIGHT
The AMS turns the spotlight on members to share their
experiences and how they have benefited from AMS
membership. If you are interested in being highlighted or
nominating another member for the spotlight, please contact
the Membership Department at membership@ams.org.

DR. WILLIAM
J. BROWNING
Founder and President of Applied Mathematics, Inc.,
Gales Ferry, CT.
AMS member since 1970.

“My first experience with the JMM
Employment Center was, as a student, at the
1974 annual meeting in San Francisco. There
was no internet, email, or cell phones then;
communication between employer and applicant
was by handwritten notes left in message boxes or
slipped under hotel room doors. Although my expectation
was an academic position, I accepted a position with a small company of
applied mathematicians working on US Navy applications.
My company, Applied Mathematics, Inc., has used the JMM Employment
Center each year since 1980 to meet with applicants interested in or
curious about a position in industry. Most JMM applicants are looking for
an academic position; however, through the JMM Employment Center we
have been fortunate to hire excellent mathematicians who have thrived
using their talents to work on applied problems in industry.”

Join or renew your membership
at www.ams.org/membership.

OPINION

Don’t Just Begin with
“Let A be an algebra…”
Martin H. Krieger
Communicated by Steven J. Miller

Note: The opinions expressed here are not necessarily those of Notices.

It is not unusual for a paper in our main research journals
in mathematics to begin:
Let A be the algebra of formal Dirichlet series
relative to the order relation of divisibility.
Various definitions are introduced, and before long there
are theorems and proofs, with perhaps a sentence or two
along the way to guide the reader. If the paper is brief,
that may be all the room one has. The Satz-Beweis style
has long ago replaced the narrative style, where various
observations are made and one is then shown the theorem
that has just been proved. Presumably, for those who are
in the center of a subfield who come fully prepared, the
Satz-Beweis style is an efficient way of finding out about
the latest advance in their sub-sub-field.
Gian-Carlo Rota1 was one who believed that a paper
should have an informative introduction that summarized the flow of the paper, pointed out the nature of the
contribution, and placed the work in the context of the
literature—perhaps even going back two centuries, much
unlike our initial example above. So Rota would draft such
Martin H. Krieger is professor of planning at the Sol Price School
of Public Policy at the University of Southern California. His email
address is krieger@usc.edu.
1

I knew Rota through a shared interest in phenomenology and
mostly as a family friend. He would often talk about issues in his
field and the better practices. I am trained as a physicist, so most
of the time his remarks resonated with me.

For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1658
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an introduction for the papers of his former students,
in effect educating them about what they had just done.
In his "Ten Lessons I Wish I had Been Taught" [5], Rota
wrote:
Write informative introductions. If we wish our
paper to be read, we had better provide our prospective readers with
strong motivation to do
so. A lengthy introduction, summarizing the
history of the subject,
giving everybody his
due, and perhaps enticingly outlining the
content of the paper in
a discursive manner,
will go some of the way
towards getting us a couple of readers.

A paper
should have
an informative
introduction.

Rota would urge you to give away the secret handshakes, the punchlines, the achievement and the contribution, the location within the research literature, all in
the first page or so. And if the title is less cute but more
informative, so much the better.
Rota’s strategies, besides summarizing the contents of
the paper, include informal and up-front introduction of
notions that are novel in this context, connections with
other branches of mathematics, and intellectual and historical motivations for the work. In many of these introductory passages there is what might be called a dramatic
reversal: a stubborn problem is described; it would seem
to be unavoidable; yet, here we have found a fruitful path.
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Or, one might be setting the stage for a new approach while
giving full credit to forbears, as in Rota’s introduction to
“On the foundations of combinatorial theory, I” [1]:

Here are some brief examples:

Introducing novel notions and a dramatic
presentation.

One of the most useful principles of enumeration in discrete probability and combinatorial
theory is the celebrated principle of inclusion-exclusion (cf. Feller, Fréchet, Riordan,
Ryser). When skillfully applied, this principle
has yielded to many a combinatorial problem.

In Rota’s paper [1] on the Möbius function, Rota first
identifies the topic as a generalization of the familiar
inclusion-exclusion principle:
This work begins the study of a very general
principle of enumeration, of which the inclusion-exclusion principle is the simplest, but
also the typical case.

Analogy with well-known mathematics [2].
The idea for the solution of this problem bears
a resemblance to Galois theory, an approach
first fully presented by Rota and Smith.

He then explains the nature of the generalization, from
an order to a partial order:
It often happens that a set of objects to be
counted possesses a natural ordering, in general only a partial order. It may be unnatural
to fit the enumeration of such a set into a
linear order such as the integers; instead, it
turns out in a great many cases that a more
effective technique is to work with the natural
order of the set.

Motivation
Motivation is only sometimes the actual motivation of the
mathematician. More often, it is a hint for the reader, so
that they can go from what they are acquainted with to
what will follow [3]:
The fact that joins and meets in the lattice of
subspaces does not satisfy the distributive law
that holds for union and intersection of sets
was once seen as a fatal drawback.

Gradually he arrives at the specific concept of Möbius
function as a generalization of the fundamental theorem
of calculus:
Looked at in this way, a variety of problems of
enumeration reveal themselves to be instances
of the general problem of inverting an “indefinite sum” ranging over a partially ordered set.
The inversion can be carried out by defining an
analog of the “difference operator” relative to a
partial ordering. Such an operator is the Möbius
function, and the analog of the “fundamental
theorem of the calculus” thus obtained is the
inversion formula on a partially ordered set.
…In fact, the algebra of formal Dirichlet series
turns out to be the simplest non-trivial instance
of such a “difference calculus,” relative to the
order relation of divisibility.

Nominal authority [4].

But, surprisingly, there is no fatal drawback:
…Thus, the failure of the distributive law of set
theory has proved to be a purely psychological
obstacle, at least as far as enumeration goes.
Following Rota’s advice and writing a good introduction to a paper will make it possible for you to have more
readers, more references to your work, and a chance for
you yourself to see your work in a more general context.
Early on introducing novel notions; mentioning names
of other mathematicians, living or dead; providing a
schematic history; pointing to resemblances with widely
known mathematics; and claiming motivation for the work,
whether it is the author’s motivation or just meant for the
reader—all will make your papers more effective. Hiding
what you are doing, in the name of rigor or purity, is likely
to reduce your readership.

It was Hermann Weyl (or if it wasn’t he, it
should have been) who said a powerful technique for the study of an algebra is the classification of its endomorphisms and their
infinitesimal analogues, namely, derivations.

Schematic history [2].
Since the beginning of this century the development of group theory has been dominated by
the notion of representation, and the seemingly
more specialized theory of group actions (permutations) has been given short shrift. To be
sure, every action of a group can be considered
as a particular representation by matrices.…
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LETTERS TO THE EDITOR
IBL Education Fad
The Notices has now regaled us with more than enough of
the IBL (Inquiry-Based Learning) education fad ([1], [2]) that
is particularly ineffective in regard to communication of
mathematics. Would-be mathematics students are coming
to the university having experienced less and less direct
instruction from knowledgeable teachers and well-written
textbooks and are becoming weaker and weaker math students. University-level IBL is more an attempt to educate
ill-prepared students without repairing easily identified
deficits than an effective pedagogy for the communication
of mathematics (the “Moore method” is excluded and is
irrelevant to the discussion).
Using the four bullet summary of [2] in the December
Notices, we look at actual outcomes:
•• Restating what students said or did in more conventional or formal terms.
Students are demonstrably worse in recognizing and
using conventional or formal terms. Emulation of perceived experts (parents and teachers among others) is one
of the most powerful forms of communication. Deliberately avoiding it is bringing along students who use unrecognizable or incorrect mathematics language. “Restating
what students said or did” is an ineffective remedy that
requires first unlearning unconventional invented terms
along with too many misconceptions as well.
•• Introducing a new but related concept, definition, representation, or procedure that extends what students did.
Here we have an implied acknowledgment of how
much the students have missed by not having the ideas
presented in traditional, logical order with important implications and corollaries systematically included.
•• Restating a student’s explanation and attributing authorship to the student or students, i.e., creating the
sense that mathematics is arising out of students’ own
work.
Attributing authorship to the student or students to
mathematics arising out of students’ own work? Compare
and contrast with Newton’s famous statement, “If I have
seen further, it is only by standing on the shoulders of
giants.” Except for minor extensions of known results,
even geniuses often miss underlying structure of new
situations. Small groups of ordinary students with little
to no careful guidance creating mathematics successfully?
Even good students know better. Moreover, where is any
of the intrinsic history of the discipline?
•• Restating student ideas in ways that connect to established mathematical culture.
See the first bullet. Even when the students’ ideas are
correct, the language still needs to be “cleaned up.” More
*We invite readers to submit letters to the editor at
notices-letters@ams.org.
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often than not, the ideas themselves need to be cleaned
up; they carry elements of validity with a lot of misconceptions that are badly in need of repair.
All of these problems are bad enough but they are not
the worst; the worst is lack of coverage of standard mathematics content. Comparative data-based evidence is hard
to come by in mathematics education but occasionally we
get glimpses of reality. Although PISA is vastly inferior to
TIMSS regarding international comparison of precollegiate
student mathematics performance, the former has gotten
much more publicity and study. One study ([3]) conducted
an intensive look into the reported pedagogical approaches
of schools in the PISA assessments:
“We analyzed the PISA results to understand
the relative impact of each of these practices.
In all five regions, when teachers took the lead,
scores were generally higher, and the more
inquiry-based learning, the lower the scores.”
—Wayne Bishop
California State University, Los Angeles
wbishop@calstatela.edu
(Received December 11, 2017 )
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Response from Rasmussen et al.
The claim that mathematics students come to the university less prepared than the students who preceded
them is a popular bemoan of mathematics faculty today
as it has been in the past. The data simply do not bear
this out. One reliable measure of high school students’
mathematics achievement is SAT and ACT mathematics
scores. 2017 was a baseline year for the new SAT test, so
comparison to test performance from previous years is not
possible. ACT [1] reports that overall levels of readiness
for college remain steady, but that underserved students
continue to lag behind their peers. It is important to point
out that the number of test takers has increased for both
the ACT and SAT, meaning more students each year are
considering entering college and yet scores have remained
relatively stable. Regarding the study [2] investigating the
pedagogical approaches of schools participating in the
PISA assessment, we point out that the continuation of the
cited quotation goes on to argue: “That sounds damning
for inquiry-based learning at first glance, but by digging
deeper into the data, a more interesting story is revealed:
what works best is when the two styles work together—
specifically, with teacher-directed instruction in most or
almost all classes, and inquiry-based learning in some.”
This is exactly what we (e.g., [3]) have argued: that
mathematics faculty should be well versed in a variety of
pedagogical approaches and, more importantly, understand what it means to teach in a format other than lecture. While one might characterize inquiry-based learning
as a “fad,” we argue that student-centered approaches to
mathematics instruction require more detailed and clear
articulation, discussion, and debate, since few mathematics faculty are prepared to teach in these ways. Our goal
is to stimulate discussions about what to do when you
are not lecturing in your classroom, not to advocate that
there is not a place for lecturing. Further, we define Inquiry
Based Learning in terms of principles, and in our article
we provide tips on specific instructional strategies with
the understanding that instructors have pedagogical autonomy but also may need some practical tips on what to
do if they are not lecturing. Interestingly, recent national
studies [4] show that students are more likely to continue
studying mathematics when they are in a classroom that
employs some active learning techniques. We also find that
instructors do not feel prepared to carry out such strategies in their classrooms [5]. National survey responses [5]
indicate that over 90% of mathematics departments denote
active learning as somewhat or very important, yet less
than 15% of departments reported that they felt active
learning was implemented very successfully.
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Finally, it behooves us to attend to recent studies demonstrating evidence of increased performance by students
in STEM classes with some active learning [6] and the
promise for active learning to decrease the achievement
gap for underrepresented minority and first generation
college students [7].
—Chris Rasmussen
San Diego State University
crasmussen@mail.sdsu.edu
—Karen Marrongelle
Portland State University
karenmar@pdx.edu
—Oh Nam Kwon
Seoul National University
onkwon@snu.ac.kr
—Angie Hodge
Northern Arizona University
Angie.Hodge@nau.edu
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Response from Ernst et al.
We stand by our statements in our article and invite math
instructors to join us in engaging in productive, fruitful
discussions about IBL methods in mathematics courses.
IBL is not a fad. It’s an empirically validated and highly
effective method of teaching, fully endorsed by all of the
major mathematical associations, including the AMS.2

FREE SHIPPING
FOR AMS MEMBERS!

—Dana C. Ernst
Northern Arizona University
dana.ernst@nau.edu
—Angie Hodge
Northern Arizona University
Angie.Hodge@nau.edu
—Stan Yoshinobu
Cal Poly San Luis Obispo
styoshin@calpoly.edu

In addition to
receiving a discount
on books purchased through
the AMS Bookstore and at meetings...

“Infant in the Real World”?
The quote by Sylvain Cappell (Notices, December 2017,
p. 1330) made me feel both mildly amused and annoyed.
My wish is not to be characterized as an “infant in the
real world.” Over the years I’ve been fortunate to have
met many colleagues from all over the world. We are responsible adults, perfectly able of cooking spaghetti (and
more advanced dishes), signing a mortgage contract, and
taking the kids to the pediatrician when needed. It’s time
we mathematicians embrace our normality.
—Peter Hinow
University of Wisconsin—Milwaukee

... all AMS members
will also receive free shipping
on their purchases!

(Received December 20, 2017)

Response from Cappell
I hadn’t noticed that quote from me in the Notices. It
was first published by Sylvia Nasar as a chapter heading
in her biography of John Nash, A Beautiful Mind. She’d
interviewed me several times in a memorably charming,
but alas now long gone, Greenwich Village cafe, Pane and
Cioccolato, where I’d passed many wonderful times with
research collaborators. However, she (I’m sure inadvertently) made it more definitive than what I’d said, as I told
math pals when her book appeared (and as anyone who
knows me and my reluctance to generalize about people
could guess). I didn’t actually say that “a mathematician is
an infant in the real world, but....” just that “a mathematician could be a child in the real world, but......” I’ve always
felt a bit unhappy about this slight error in quoting me
for precisely the reason Peter Hinow states.

Visit bookstore.ams.org to see our
latest releases and what’s on sale.
Visit ams.org/membership to learn
more about membership benefits.

—Sylvain Cappell
Courant Institute of Mathematical Sciences, NYU

2www.cbmsweb.org/2016/07/active-learning-in-post-

secondary-mathematics-education.
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Mathematics People
Quastel Awarded
2018 CRM-Fields-PIMS Prize

Dancer Awarded
Schauder Prize

Jeremy Quastel of the University of
Toronto has been awarded the 2018
CRM-Fields-PIMS Prize. According
to the prize citation, Quastel was
recognized “for a series of groundbreaking works during the last ten
years related to the Kardar-ParisiZhang (KPZ) equation and the wider
class of random growth models
conjectured to share the same longtime, large-scale limit (the so-called
Jeremy Quastel
KPZ universality class). He proved a
twenty-five-year-old conjecture from physics about the
scaling exponents for the KPZ equation, as well as computing an exact formula for its one-point distribution. He
demonstrated that the KPZ equation is universal in that
it arises as a scaling limit of a wide variety of nonlinear
stochastic partial differential equations of HamiltonJacobi type. Most recently, he constructed and computed
transition probabilities for the ‘KPZ fixed point’ Markov
process, which should be the universal long-time limit
of all models in the KPZ universality class. Among his
earlier contributions, Quastel derived the incompressible Navier-Stokes equation from a class of interacting
particle systems, derived equations for the behaviour
of the internal diffusion-limited-aggregation model, and
proved a conjecture about the speed of the traveling front
for the stochastic Fisher-Kolmogorov-Petrovsky-Piskunov
equation, which models branching diffusion processes.”
Quastel received his PhD from the Courant Institute
of Mathematical Sciences, New York University, in 1990
under the direction of S.R.S. Varadhan. He was a postdoctoral fellow at the Mathematical Sciences Research
Institute in Berkeley, then served on the faculty at the
University of California Davis before taking his present
position at the University of Toronto in 1998. He was an
Alfred P. Sloan Foundation Fellow from 1996 to 1998. He
was awarded a Killam Research Fellowship in 2013 and
delivered an invited address at the 2010 International
Congress of Mathematicians in Hyderabad, India. He was
elected a Fellow of the Royal Society of Canada in 2016.
Outside of mathematics, he enjoys back-country canoe
trips in Ontario with his family.

E. Norman Dancer of the University of Sydney has been awarded
the 2017 Juliusz Schauder Prize “in
recognition of his outstanding contributions to the theory of nonlinear
analysis, differential equations and
applications.” The prize is awarded
to individuals for their significant
achievements related to topological methods in nonlinear analysis.
E. Norman Dancer The prize citation reads: “Professor
Norman Dancer is an eminent expert
of world renown in the field of nonlinear mathematical
and functional analysis and the theory of ordinary and
partial differential equations. He has authored numerous
groundbreaking papers published in the leading mathematical journals. The results of his studies concerning
nonlinear differential equations, topological degree, Conley index, global bifurcation, equivariant topology and
infinite-dimensional dynamical systems constitute the
seminal contribution in modern mathematics. Moreover
Professor Dancer’s findings open new areas of knowledge
and horizons of mathematical research. Difficult problems
resolved by him often find deep motivations and applications in different branches of science as, for example,
physics or biology.”
Norman Dancer received his PhD from the University of
Cambridge under the direction of Frank Smithies in 1972.
He is a Fellow of the Australian Academy of Science and a
recipient of the Hannan Medal of the Australian Academy
of Science in 2009 for his research in pure mathematics.
Dancer tells the Notices: “I did all my primary school education in small rural schools in the far north of Australia.
I am also a keen hiker.”
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Johnson and Patey
Awarded Sacks Prizes

Bergman Prize Awarded to
Berndtsson and Sibony

The Association for Symbolic Logic
has awarded the Gerald Sacks Prizes
for 2016 to Will Johnson of Niantic, Inc., and Ludovic Patey of the
Université Paris VII. Will Johnson
received his PhD in 2016 from the
University of California, Berkeley
under the supervision of Tom Scanlon. He was honored for his thesis
“Fun with Fields,” which contains a
number of outstanding results in the
Will Johnson
model theory of fields, including the
classification of the fields K whose
theories have the property of “dpminimality,” a strong form of “not
the independence property.” The
Prizes and Awards Committee noted
that Johnson’s “main breakthrough
is the construction of a definable
topology on K, when K is not algebraically closed, introducing vastly
new ideas and techniques into the
subject.” Johnson, a software engiLudovic Patey
neer, tells the Notices: “My current
job is to stop people from cheating in the games Ingress,
Pokemon GO, and Harry Potter: Wizards Unite.”
Ludovic Patey received his PhD in 2016 from the Université Paris VII under the supervision of Laurent Bienvenu
and Hugo Herbelin. He was honored for his thesis “The
Reverse Mathematics of Ramsey-Type Theorems,” in which
he solved a large number of problems in the reverse-mathematical and computability-theoretic analysis of combinatorial principles. The Prizes and Awards Committee noted
that “in doing so, he combined great technical ability with
a powerful eye for unification, isolating several notions
that have helped systematize the area.” Patey tells the
Notices: “I grew up in a family of six children, all of whom
played music (three violin, one alto, one cello, one flute),
and we made some family concerts of classical music in
the countryside of France.”
The Sacks Prize is awarded annually for the most
outstanding doctoral dissertation in mathematical logic.

Bo Berndtsson of Chalmers University and the University of Gothenburg, Sweden, and Nessim Sibony of
Université Paris-Sud Orsay have been awarded the 2017
Bergman Prize. Established in 1988, the prize recognizes
mathematical accomplishments in the areas of research
in which Stefan Bergman worked. Berndtsson and Sibony
will each receive US$12,000, which is one-half of the 2017
income from the Stefan Bergman Trust.

—From an ASL announcement
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Citation: Bo Berndtsson
Bo Berndtsson is awarded the Bergman Prize for his many fundamental
contributions to several complex
variables, complex potential theory,
and complex geometry. He is especially being recognized for his
–
–
important work on ∂ and L2-∂ techniques on Kähler manifolds, with
innovative applications to the study
Bo Berndtsson
of the space of Kähler metrics. In a
series of works, he has established
deep positivity results for vector bundles and singular
–
metrics on Kähler manifolds using L2-∂ techniques. With
R. Berman, Berndtsson established a conjecture of X. Chen
regarding convexity properties of the Mabuchi functional
(K-Energy) on the space of Kähler metrics and used this
to prove a general uniqueness result for extremal metrics. Berndtsson and collaborators (including R. Berman,
P. Charpentier, M. Paun, J. Sjöstrand) have contributed
significantly to our understanding of singular metrics,
Bergman kernels, and their asymptotics. In joint work with
–
N. Sibony, Berndtsson has also studied the ∂-equation on
a positive current and developed, among other things,
Kodaira and Nakano-Hörmander theory for L2-estimates in
the setting of currents without a differentiable structure.
Berndtsson’s work has had broad and far-reaching impact
on the theory of several complex variables and complex
geometry.
Berndtsson received his PhD in 1977, under the direction of Tord Ganelius, from the University of Gothenburg.
He was elected to the Royal Swedish Academy of Sciences
in 2003. He received the Edlund Prize of the Royal Academy of Science in 1987 and the Göran Gustafsson Prize in
2003. He tells the Notices: “In my free time I like to read,
relax in nature, and I have also an amateurish interest in
the political aspects of economy.”
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Citation: Nessim Sibony
Nessim Sibony is awarded the Bergman Prize for his many fundamental
contributions to several complex
variables, complex potential theory,
and complex dynamics. He is recognized for his influential work on
the study of bounded holomorphic
functions with various prescribed
properties and construction of other
Nessim Sibony
very useful analytic objects on pseudoconvex domains. This includes his
joint work with M. Hakim, which, together with the work
of E. Low, provided a final solution of an outstanding open
problem on the existence of inner functions over the unit
ball. (A solution to this problem was also independently
obtained by A. B. Aleksandrov.) He is recognized for important contributions to pluripotential theory. With B.
–
Berndtsson, he studied the ∂ equation on a positive current and developed, among other things, the Kodaira and
Nakano-Hörmander theory on L2-estimates in the setting
of currents without a differentiable structure. With T. C.
Dinh, he introduced a calculus for currents of arbitrary
bi-degree that has had applications in complex dynamics and foliations. In the subject of complex dynamics of
several variables and complex foliation theory, he has coauthored many foundational papers with B. Berndtsson, T.
C. Dinh, and J. E. Fornaess. In particular, he proved, with
his collaborators, that there are always invariant harmonic
currents for foliations by Riemann surfaces possibly with
singularities. The influence of Sibony on several complex
variables has been broad and far-reaching.
Sibony received his PhD from the University of ParisSud in 1974. He has been professor at the university since
1981 and has been a senior member of the Institut Universitaire de France since 2009. He received the Vaillant Prize
in 1985 and the Sophie Germain Prize in 2009 from the
French Academy of Sciences and was an invited speaker
at the International Congress of Mathematicians in Kyoto
in 1990. He tells the Notices: “I was born in Marrakech in
1947. I grew up there in a large family with Jewish-Arabic
dialect as a mother tongue. When I was seven, we moved
to Paris, where I have lived since. At that time, it was much
easier for immigrants to integrate into the French society.
I am indebted to the French system for generously providing the support making this adventure possible.”
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The Bergman Prize honors the memory of Stefan Bergman,
best known for his research in several complex variables,
as well as the Bergman projection and the Bergman kernel function that bear his name. A native of Poland, he
taught at Stanford University for many years and died in
1977 at the age of eighty-two. He was an AMS member for
thirty-five years. When his wife died, the terms of her will
stipulated that funds should go toward a special prize in
her husband’s honor.
The AMS was asked by Wells Fargo Bank of California,
the managers of the Bergman Trust, to assemble a committee to select recipients of the prize. In addition the Society
assisted Wells Fargo in interpreting the terms of the will
to assure sufficient breadth in the mathematical areas in
which the prize may be given. Awards are made every one
or two years in the following areas: (1) the theory of the
kernel function and its applications in real and complex
analysis; and (2) function-theoretic methods in the theory
of partial differential equations of elliptic type with attention to Bergman’s operator method.
A list of the past recipients of the Bergman Prize can
be found at www.ams.org/profession/prizes-awards/
pabrowse?purl=bergman-prize.
The members of the selection committee for the 2017
Bergman Prize were:
• Peter Ebenfelt
• Xiaojun Huang (Chair)
• Anna L. Mazzucato
—Elaine Kehoe
Photo Credits
Photo of Jeremy Quastel courtesy of Jane Hayes.
Photo of E. Norman Dancer courtesy of Wojciech Kryszewski.
Photo of Will Johnson courtesy of Victor Zerga.
Photo of Ludovic Patey courtesy of George Bergman.
Photo of Bo Berndtsson courtesy of Bo Berndtsson and Edme
Dominguez.
Photo of Nessim Sibony courtesy of Nessim Sibony.
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Listings for upcoming math opportunities to appear in Notices may be submitted to notices@ams.org .

Gweneth Humphreys Award
The Association for Women in Mathematics confers the
Gweneth Humphreys Award annually on a mathematics
teacher who has encouraged female undergraduates to
pursue mathematical careers and/or the study of mathematics at the graduate level. The deadline for nominations is April 30, 2018. See sites.google.com/site/
awmmath/programs/humphreys-award or email awm@
awm-math.org.
—From an AWM announcement

*NSF–CBMS Regional

Conferences 2018

With NSF support, the Conference Board of the Mathematical Sciences (CBMS) will hold seven Regional Research
Conferences during the summer of 2018. Each five-day
conference features a distinguished lecturer delivering
ten lectures on a topic of important current research.
Support for about thirty participants is provided for each
conference.
May 21–25, 2018: Additive Combinatorics from a Geometric Viewpoint. Jozsef Solymosi, lecturer. University of
South Carolina. Organizer: Laszlo Szekely.
imi.cas.sc.edu/events/nsf-cbms/.
May 21–25, 2018: Mathematical Biology: Modeling and
Analysis. Avner Friedman, lecturer. Howard University.
Organizer: Abdul-Aziz Yakubu, ayakubu@howard.edu.
June 4–8, 2018: Applications of Polynomial Systems.
David Cox, lecturer. Texas Christian University. Organizer: Greg Friedman. faculty.tcu.edu/gfriedman/
cbms2018.

June 4–8, 2018: Harmonic Analysis: Smooth and NonSmooth. Palle Jorgensen, lecturer. Iowa State University.
Organizer: Eric Weber.
www.public.iastate.edu/~esweber/cbms2018.
June 18–22, 2018: Solving Problems in Multiply-Connected Domains. Darren Crowdy, lecturer. University of
California Irvine. Organizer: Thomas Trogdon.
www.math.uci.edu/~ttrogdon/ACCA/index.html
July 16–20, 2018: Elastic Functional and Shape Data
Analysis. Anuj Srivastava, lecturer. Ohio State University.
Organizer: Sebastian Kurtek. stat.osu.edu/cbms-efsda.
July 23–27, 2018: Computational Methods in Optimal
Control. William Hager, lecturer. Jackson State University.
Organizers: Tor A. Kwembe, Jun Liu, and Zhenbu Zhang.
www.siue.edu/~juliu/cbms18.
For more information see the website www.cbmsweb.
org/regional-conferences/2018-conferences.
—From a CBMS announcement

*Upcoming Due Dates at NSF
Deadlines for National Science Foundation (NSF) program proposals are online at www.nsf.gov/funding/
pgm_list.jsp?org=DMS&ord=date, and include (among
others):
• NSF-CBMS Regional Conferences in the Mathematical
Sciences: April 27, 2018
• Research Training Groups in the Mathematical Sciences:
June 5, 2018
• Faculty Early Career Development Program (CAREER):
July 20, 2018
• Focused Research Groups in the Mathematical Sciences:
September 12, 2018.
—From an NSF announcement

*The most up-to-date listing of NSF funding opportunities from
the Division of Mathematical Sciences can be found online at:
www.nsf.gov/dms and for the Directorate of Education and
Human Resources at www.nsf.gov/dir/index.jsp?org=ehr.
To receive periodic updates, subscribe to the DMSNEWS listserv by
following the directions at www.nsf.gov/mps/dms/about.jsp.
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Inside the AMS
Erica Flapan Named Next
Notices Editor in Chief
The American Mathematical Society
(AMS) is pleased to announce the
appointment of Erica Flapan, the
Lingurn H. Burkhead Professor in
the Department of Mathematics at
Pomona College, as Editor in Chief of
Notices of the AMS for the three-year
term commencing January 1, 2019.
With a PhD from the University
of Wisconsin, Madison, Erica started
her career as a G. C. Evans Instructor
Erica Flapan
at Rice University and then as a Visiting Assistant Professor at UC Santa Barbara before joining
the faculty at Pomona College. She has received multiple
national awards and honors, including being named an
inaugural Fellow of the AMS and a Pólya Lecturer for the
Mathematical Association of America (MAA).
“It is a great honor to have been selected to be the new
Editor in Chief of Notices,” says Erica.
“As editor, I hope to serve the AMS membership by
presenting expository articles about important mathematical developments that are accessible to mathematicians
with a broad range of backgrounds. However, my goals for
Notices go beyond this to bring together mathematicians
with diverse interests into a single mathematical community with a shared sense of connection to the AMS. To
achieve this, I would like to not only present interesting
mathematics, but also highlight the relationship between
mathematics and society, from the teaching of mathematics at all levels, to how politics is impacting mathematics,
to the misuse of mathematics. While continuing its tradition of providing important information on the state of
the profession and announcements of upcoming meetings and opportunities, I hope that under my leadership
Notices can be a useful source of career information for
young mathematicians. Finally, I envision Notices giving
a public face to the world of mathematics, so that those
on the outside can get a glimpse into what mathematics
research is and why it is important for science, technology, and everyday life. Becoming the new Editor in Chief
of Notices is a great opportunity, and I hope I can live up
to the expectations of the AMS membership.”

Drawing Voting Districts
and Partisan Gerrymandering:
Preparing for 2020
AMS Council Endorses Statement on
Gerrymandering
At its most recent meeting, on the Tuesday before the Janaury Joint Meetings, the AMS Council endorsed a Statement
on Gerrymandering; the AMS Committee on Science Policy
brought the statement to the Council with a recommendation to endorse. A small team of experts drawn from the
membership of the AMS, together with colleagues from
the American Statistical Association, wrote the statement.
Increasingly, courts appeal to mathematical and statistical approaches in their deliberations on partisan gerrymandering cases, and AMS and ASA members are being
called as witnesses. These cases include the U.S. Supreme
Court case Gill v. Whitford and those recently considered
in North Carolina and Pennsylvania. As this is happening,
and as the country is gearing up for the 2020 Census and
subsequent redistricting, the joint statement positions
mathematics and the statistical sciences in the national
discussion on redistricting.
In response to the passage of the statement, AMS
President Ken Ribet noted, “our community is poised to
play a central role in ongoing discussions about methods
for creating voting districts and the evaluation of existing
and proposed district maps. It has been a pleasure for me
to observe the recent explosion in interest in this topic
among colleagues and students. I anticipate that the new
statement by the ASA and AMS Council will lead to increasing transparency in the evaluation of districting methods.”
News release is at www.ams.org/news?news_id=4030.
Statement is at www.ams.org/about-us/governance/
policy-statements/gerrymandering.
—AMS Washington Office

—AMS Announcement
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From the AMS Public
Awareness Office

Who Wants to Be a
Mathematician Championship

2018 Mathematical Art Exhibition Awards were made
at the Joint Mathematics Meetings in January. The three
chosen works were selected from the exhibition of juried
works in various media by over eighty mathematicians
and artists from around
the world. “A Gooseberry/Fibonacci Spiral”
by Frank A. Farris was
awarded Best Photograph, Painting, or Print
(see photo); “Dodecahedral 11-Hole Torus”
by David Honda was
awarded Best Textile,
Sculpture, or Other Medium; and “Excentrica”
by Ekaterina Lukasheva
received Honorable
“A Gooseberry/Fibonacci
Mention. The MatheSpiral” by Frank A. Farris.
matical Art Exhibition
Award “for aesthetically
pleasing works that combine mathematics and art” was established in 2008 through an endowment provided to the
American Mathematical Society by an anonymous donor who wishes
to acknowledge those
whose works demonstrate the beauty and
elegance of mathematics expressed in a visual
art form. The awards
are $400 for Best Photograph, Painting, or Print;
$400 for Best Textile,
Sculpture, or Other
“Dodecahedral 11-Hole Torus” Medium; and $200 for
Honorable Mention.
by David Honda.
The Mathematical Art
Exhibition of juried works in various media is held at
the annual Joint Mathematics Meetings of the American
Mathematical Society (AMS) and Mathematical Association
of America (MAA). www.ams.org/news?news_id=4011
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Left: Winner Samuel Goodman stands with
Congressman Jerry McNerney (D-CA), AMS President
Kenneth Ribet, and AMS Immediate Past President
Robert Bryant.
Right: Goodman receives the winning check from
AMS Executive Director Catherine A. Roberts and AMS
President Kenneth Ribet.

Samuel Goodman, an eighth grader from Las Vegas,
became the youngest Who Wants to Be a Mathematician
champion ever. Samuel, one of twelve contestants from the
United States, United Kingdom, and Canada, won $5,000
for himself and $5,000 for his school’s mathematics department on the final day of the 2018 Joint Mathematics
Meetings in San Diego. Read more about the game and see
photos of all the action at www.ams.org/jmm2018.
—AMS Public Awareness Office
Image Credits
Photo of Erica Flapan by Deanna Haunsperger.
All other photos by Kate Awtrey, Atlanta Convention Photography.
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30

16

Moon Duchin delivers the AMS-MAA-SIAM Gerald
and Judith Porter Public Lecture on using mathematics to combat gerrymandering. She invited audience members to participate on practical metrics
and solutions for gerrymandering in advance of
the 2020 US Census: sites.tufts.edu/gerrymandr/get-involved.

33

2.

The Porter Lecture crowd

3.

JMM 2018 Opening Day Ribbon Cutting; pictured
left to right: Georgia Benkart, AMS Associate
Secretary, Central; Carla D. Savage, AMS Secretary;
Catherine A. Roberts, AMS Executive Director; Kenneth A. Ribet, AMS President; Deanna Haunsperger,
MAA President; Michael Pearson, MAA Executive
Director; Gerard Venema, MAA Associate Secretary;
Barbara Faires, MAA Secretary.
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Erica Flapan accepting the AWM M. Gweneth Humphreys Award for Mentorship of Undergraduate
Women in Mathematics.
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31

34

32
35

5.

Mathematics Research Communities (MRC) celebrates ten years, thirty-five program topics, 144
organizers, and 1,156 participants, including Moon
Duchin who was a part of the very first MRC class
in 2008.

6.

MAA Mathematician at Large James Tanton at his
lecture for students.

7.

AMS Executive Director Catherine A. Roberts addresses the crowd at the AMS Dinner Celebration.

8.

Graduate Students Travel Grant Brunch

9.

Student Poster Session
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4.

29

13
15
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28

10.

Gunnar Carlsson’s AMS-MAA Invited Address

11.

AMS Branding Reveal

12.

Colloquium Lecturer Avi Wigderson

13.

Cynthia Dwork delivering the Josiah Willard Gibbs
Lecture.

14.

Session Audience
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15.

Notices Panel of current and former editors. Left to
right: Hugo Rossi, Harold Boas, Andy Magid, Steven
G. Krantz, and Frank Morgan.

30.

Participants at Math Wrangle

31.

Mathemati-Con Crowd

16.

AMS Dinner Celebration

32.

Who Wants To Be a Mathematician trophies

17.

Mathematical Reviews Managing Editor Norman
Richert demos MathSciNet®.

33.

Andre Neves’ AMS-MAA Invited Address

18.

AMS Invited Address with Federico Ardila

19.

Best in show for a textile, sculpture or other medium went to David Honda’s “Dodecahedral 11-Hole
Torus.”

20.

MAA Press offerings

21.

Arthur Jaffe, Harvard University; Kenneth A. Ribet,
AMS President; Jill C. Pipher, AMS President-Elect;
Nessim Sibony, Universite Paris-Sud Orsay; Robert
L. Bryant, AMS Immediate Past President; George
E. Andrews, University of Pennsylvania; and David
Eisenbud, UC Berkeley.

22.

Tara S. Holm, Cornell University; Mason A. Porter,
UCLA; and T. Christine Stevens, AMS Associate
Executive Director, Meetings and Professional
Services.

23.

AMS BIG Math Booth

24.

Graduate Student and First-Time Reception

25.

Maria Klawe’s MAA Invited Address

26.

Karen Saxe, Associate Executive Director, AMS Office of Government Relations—DC, and Inna Mette,
AMS Senior Editor—Hamburg, at the AMS Dinner
Celebration.

27.

AMS Booth

34.

28.

Helen G. Grundman, AMS Director of Education
and Diversity with Steven Kennedy, MAA Press
Acquisitions.

Credits

29.

AMS Retiring Presidential Address with
Robert L. Bryant.
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Prize Session Award Winners, left to right:
Back Row: Sylvain Cappell (Distinguished Public
Service Award); Matt Parker (JPBM Communication Award); Ashvin Anand Swaminathan (Morgan
Prize); Ronald Taylor Jr. (Tepper Haimo Award);
David Bressoud (Gung and Hu Award); Günter
Ziegler (Steele Prize); Christiane Rousseau (Russell
Prize); Melanie Matchett Wood (Microsoft Research
Prize); Bernd Sturmfels (Birkhoff Prize); Henry
Cohn (Conant Prize).
Front Row: Daniel J. Velleman (Chauvenet Prize);
Greg Yang (Honorable Mention Morgan Prize); Erica
Flapan (Humphreys Award); Karen Hunger Parshall
(Whiteman Prize); AWM President Ami E. Radunskaya (presenter); Kristin Umland (Hay Award);
Hortensia Soto (Tepper Haimo Award); Kenneth
A. Ribet, AMS President (presenter); Judea Pearl
(Grenander Prize); Robert Guralnick (Cole Prize—
Algebra); Sergey Fomin (Steele Prize).
Center: Deanna Haunsperger, MAA President (presenter).
*See winner profiles in this as well as the upcoming
May issue of Notices.
Brandie Hall of Albany State University making the
most out of this year's photo booth.

Photographs taken by Kate Awtrey, Atlanta Convention Photography; Carol Magid; and AMS Staff.
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MathJobs.Org
The automated job application database sponsored by the AMS

Free for Applicants

MathJobs.Org offers a paperless
application process for applicants
and employers in mathematics
Registered Applicants Can:
• Create their own portfolio of application documents
• Make applications online to participating employers
• Choose to make a cover sheet viewable by all registered employers

Registered Employers Can:
• Post up to seven job ads
• Set all criteria for required documents, and add speciﬁc questions
• Receive and upload reference letters
• Manage applicant information and correspondence quickly and easily
• Set limited access permissions for faculty and EOE administrators
• Search for and sort additional applicants in the database
• Choose an advertising-only account, or a discounted single ad account

Visit mathjobs.org for pricing information

Contact:
AMS Professional Programs
American Mathematical Society
201 Charles Street
Providence, RI
02904-2294 USA
800.321.4267, ext. 4105
Email: mathjobs@ams.org
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2018 Leroy P. Steele Prizes

Sergey Fomin

Andrei Zelevinsky

Martin Aigner

Günter Ziegler

Jean Bourgain

The 2018 Leroy P. Steele Prizes were presented at the 124th Annual Meeting of the AMS in San Diego, California, in
January 2018. The Steele Prizes were awarded to Sergey Fomin and Andrei Zelevinsky for Seminal Contribution to
Research, to Martin Aigner and Günter Ziegler for Mathematical Exposition, and to Jean Bourgain for Lifetime
Achievement.

Citation for Seminal Contribution to Research:
Sergey Fomin and Andrei Zelevinsky
The 2018 Steele Prize for Seminal Contribution to Research
in Discrete Mathematics/Logic is awarded to Sergey Fomin
and Andrei Zelevinsky (posthumously) for their paper
“Cluster Algebras I: Foundations,” published in 2002 in
the Journal of the American Mathematical Society.
The paper “Cluster Algebras I: Foundations” is a
modern exemplar of how combinatorial imagination
can influence mathematics at large. Cluster algebras are
commutative rings, generated by a collection of elements
called cluster variables, grouped together into overlapping
clusters. These variables are produced by a recursive
combinatorial procedure called mutation, starting from
an initial cluster of algebraically independent variables.
Originally, cluster algebras were introduced to provide
a combinatorial approach to total positivity in algebraic
groups and Lusztig’s canonical bases of quantum groups.
However, in the fifteen years since their introduction,
cluster algebras have been shown to be important in many
seemingly different areas of mathematics, including root
systems, Poisson geometry, Teichmüller theory, quiver
representations, integrable systems, and quantum affine
algebras. This paper is a work of lasting importance, both
for its varied applications and for the intrinsic beauty of
the theory.
APRIL 2018
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Biographical Sketch: Sergey Fomin
Sergey Fomin is the Robert M. Thrall Collegiate Professor
of Mathematics at the University of Michigan. Born in 1958
in Leningrad (now St. Petersburg), he received an MS (1979)
and a PhD (1982) from Leningrad State University, where
his advisor was Anatoly Vershik. He then held positions at
St. Petersburg Electrotechnical University and the Institute
for Informatics and Automation of the Russian Academy
of Sciences. Starting in 1992, he worked in the United
States, first at Massachusetts Institute of Technology and
then, since 1999, at the University of Michigan.
Fomin’s main research interests lie in algebraic combinatorics, including its interactions with various areas
of mathematics such as representation theory, Schubert
calculus, probability theory, and computational complexity. He is the current managing editor of the Journal of
the American Mathematical Society, a member of the AMS
Council, and a Fellow of the AMS. He served on advisory
boards for MSRI and HSE Moscow and was an invited
speaker at the International Congress of Mathematicians
in Hyderabad in 2010.

Biographical Sketch: Andrei Zelevinsky
Andrei Zelevinsky was born in Moscow in 1953. A graduate of Moscow’s famed High School #2, he studied at the
mathematics department of the Moscow State University
(PhD, 1978), where his main mentors were Joseph Bernstein, Israel Gelfand, and Alexandre Kirillov. He worked at
OF THE
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the Institute of Earth Physics and at the Scientific Council
for Cybernetics of the Soviet Academy of Sciences before
moving to the United States in 1990. After a year at Cornell
University, he took up a professorship at Northeastern
University in Boston, where he remained until his untimely
death in April 2013.
Andrei Zelevinsky made fundamental contributions to
representation theory of p-adic groups (with Bernstein),
generalized hypergeometric systems (with Gelfand and M.
Kapranov), and algebraic combinatorics, total positivity,
quiver representations, and cluster algebras (with various
collaborators). He was an invited speaker at the ICM in
Berlin (1998), a Fellow of the AMS (2012), and a recipient
of the Humboldt Research Award (2004). He served on the
Scientific Advisory Committee of MSRI and on editorial
boards of several leading research journals. Northeastern
University posthumously honored Zelevinsky by a Distinguished University Professorship and by inaugurating a
postdoctoral program named after him, the Andrei Zelevinsky Research Instructorships.

Response from Sergey Fomin
It is a great honor to receive the Leroy P. Steele Prize from
the AMS. I am thankful to the prize committee for their
selection. I would like to view it as a sign of appreciation
for the inherent beauty and importance of the field of
algebraic combinatorics, the mathematical love of my life.
The feeling is bittersweet, as my coauthor Andrei Zelevinsky did not live to enjoy this recognition of his research
accomplishments. He was a dear friend, an inspiring
teacher, and a brilliant mathematician.
Although Andrei and I lived until our mid-thirties in
Moscow and St. Petersburg, a short train ride from each
other, we first met in 1992 in Boston, where our 20-yearlong collaboration took root. I am forever thankful to the
fate—and to Andrei—for this most momentous partnership of my professional life.
We discovered cluster algebras in May 2000 at the
Erwin Schrödinger Institute in Vienna. George Lusztig’s
pioneering work on total positivity and canonical bases
was a major source of inspiration. Our mathematical tastes
and philosophies were deeply influenced by our mentors
Joseph Bernstein, I. M. Gelfand, Richard Stanley, and A.
M. Vershik. Last but not least, I would like to acknowledge the great many mathematicians who over the years
contributed to the development of the theory of cluster
algebras. I hope that this field continues to thrive, finding
new exciting applications.

Citation for Mathematical Exposition:
Martin Aigner and Günter Ziegler
The 2018 Steele Prize for Mathematical Exposition is
awarded to Martin Aigner and Günter M. Ziegler of the
Freie Universität Berlin for Proofs from THE BOOK. It is
almost impossible to write a mathematics book that can
be read and enjoyed by people of all levels and backgrounds, yet Aigner and Ziegler accomplish this feat of
exposition with virtuoso style. The inspiration for this
book is Paul Erdős’s assertion that there is a celestial book
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where perfect proofs are kept. In Proofs from THE BOOK,
the authors have collected a great number of sparkling
little mathematical gems that are their candidates for
Erdős’s book. These mathematical vignettes are drawn
from number theory, geometry, analysis, combinatorics,
and graph theory. Most of the topics in the book require
only a modest mathematical background, so that it is
suitable for undergraduates and mathematically inclined
nonspecialists. This is not to say that the mathematics is
simple—even if the masterful exposition often makes it
seem that way; there are answers to questions asked by
Hilbert, Borsuk, Sylvester, and, of course, Erdős himself.
For the research mathematician, the appeal of the book
is that the proofs themselves are indeed beautiful. Aigner
and Ziegler have succeeded in writing a book in which the
density of elegant ideas per page is extraordinarily high,
and they sustain this quality throughout the text. It is
also worth noting that it is not just the mathematics that
is aesthetically pleasing; the authors did the typesetting
themselves, and the cartoons by mathematician Karl Heinrich Hofmann add a light-hearted touch. This book does
an invaluable service to mathematics, by illustrating for
nonmathematicians what it is that mathematicians mean
when they speak about beauty.

Biographical Sketch: Martin Aigner
Martin Aigner was born in 1942 in Linz, Austria. In
1960 he started his studies of mathematics, physics, and
philosophy at the University of Vienna and received his
PhD in mathematics from the same university in 1965.
After shorter stays at various institutions in the United
States, he worked from 1968 to 1970 as research associate
with Raj Chandra Bose at the University of North Carolina
at Chapel Hill during the Special Combinatorics Year
Program. He moved to Tübingen, Germany, with a Habilitations-Fellowship of the German Science Foundation in
1970 and became professor at the Freie Universität Berlin
in 1973. He has been in Berlin ever since, from 2010 on as
professor emeritus.
His field of research is enumerative and algebraic
combinatorics, graph theory, and search theory. He is the
author of twelve books, among them the monographs
Combinatorial Theory (Springer, 1979), reprinted in the
Springer Classics in Mathematics series (1997); Combinatorial Search (1988); A Course in Combinatorics (2007); and
Proofs from THE BOOK (with Günter M. Ziegler, Springer
1998++), which is available in fourteen languages.
He is a member of the Austrian Academy of Sciences
and the Berlin-Brandenburg Academy of Sciences and Humanities. In 1996 he received the Lester R. Ford Award of
the MAA. He was the Richard-Rado-Lecturer at the British
Combinatorial Conference in 2001 and acted as vice president of the Organizing Committee for the International
Congress of Mathematicians 1998 in Berlin.

Biographical Sketch: Günter Ziegler
Günter M. Ziegler was born in München, Germany, in 1963.
He got a PhD at the Massachusetts Institute of Technology
with Anders Björner in 1987. After four years in Augsburg
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and a winter in Stockholm, he arrived in Berlin in 1992. In
1995 he became a professor of mathematics at TU Berlin;
in 2011 he moved to Freie Universität Berlin. He has been
a member of the DFG Research Center MATHEON (Mathematics for Key Technologies) since its start in 2002. He
was the founding chair of the Berlin Mathematical School,
which he now chairs again.
In 2006–2008 he was the president of the German Mathematical Society (DMV). He is a member of the executive
board of the Berlin-Brandenburg Academy of Sciences and
Humanities, a member of the German National Academy of
Sciences Leopoldina, and an inaugural Fellow of the AMS.
Since 2014 he is a member of the Senate of the German
Science Foundation (DFG). His research centers on discrete
geometry (especially polytopes), as well as on questions
in algebraic topology motivated by geometric problems.
His honors include a gold medal at the International
Mathematics Olympiad (1981), a DFG Leibniz Prize (2001),
an ERC Advanced Grant (2010), and the 2004 Chauvenet
Prize of the MAA.
He is active in science communication, contributing to
a multifaceted and lively image of mathematics in public.
He initiated and coorganized the German National Mathematics Year 2008 and now directs the DMV Mathematics
Media Office. He is the recipient of the 2008 Communicator Award of DFG and Stifterverband.
His books include Lectures on Polytopes (Springer,
1995), Proofs from THE BOOK (with Martin Aigner,
Springer, 1998++), and Do I Count? Stories from Mathematics (CRC, 2013).

Response from Martin Aigner and
Günter M. Ziegler
We feel very honored to receive the Leroy P. Steele Prize
for Mathematical Exposition for our book Proofs from
THE BOOK.
It was more than twenty years ago that the idea for this
project was born during some leisurely discussions with
the incomparable Paul Erdős at the Mathematisches Forschungsinstitut in Oberwolfach. We suggested to him that
we turn his famous saying of the celestial book (in which
God keeps the perfect proofs for mathematical theorems)
into a first (and very modest) approximation to THE BOOK.
He was enthusiastic about the idea and suggested right
away a few examples. Our book was supposed to appear
in March 1998 as a present to Erdős for his eighty-fifth
birthday. With Paul’s unfortunate death in 1996, the book
is instead dedicated to his memory.
We have no definition or characterization of what
constitutes a proof from THE BOOK: All we offer is the
examples that we have selected, hoping that the readers
would share our enthusiasm about brilliant ideas, clever
insights, and wonderful observations. To make the book
attractive to a large readership, we selected only topics
that require a modest mathematical background but would
still be interesting for the research mathematician for
the sheer beauty of the argument or the intriguing open
problems that remained. A lot of energy and care went into
the most elegant and appealing presentation of the results
APRIL 2018
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and proofs that we could achieve. A book about beauty
in mathematics naturally requires an equally attractive
appearance. An enormous amount of time went into the
crafting of the text and the margins, the selection of the
photos, and the pictures and illustrations. We are very
grateful to Karl H. Hofmann for his masterful cartoons
that put the final touch to the makeup of the book.
At the time when we started the project, we could not
possibly imagine the wonderful and lasting response our
book about THE BOOK would have, with all the warm letters and interesting comments, new editions, and thirteen
translations as of now. It has grown over the years from
thirty to forty-five chapters, and as suggestions for new
chapters are coming in every month, who knows.… We are
extremely thankful for this warm reception and seemingly
never-ending interest. It is no exaggeration to say that THE
BOOK has become a part of our lives.

Citation for Lifetime Achievement: Jean Bourgain
The 2018 Steele Prize for Lifetime Achievement is awarded
to Jean Bourgain, IBM von Neumann Professor in the
School of Mathematics at the Institute for Advanced Study,
for the breadth of his contributions made in the advancement of mathematics.
Jean Bourgain is a giant in the field of mathematical
analysis, which he has applied broadly and to great effect. In many instances, he provided foundations for entirely new areas of study, and in other instances he gave
mathematics new tools and techniques. He has solved
long-standing problems in Banach space theory, harmonic
analysis, partial differential equations, and Hamiltonian
dynamics. His work has had important consequences in
probability theory, ergodic theory, combinatorics, number
theory, computer science, and theoretical physics. His
vision, technical power and broad accomplishments are
astounding.
Bourgain has so many striking results to his credit that
it is difficult to select his most important contributions.
His breakthroughs include the highly original proof of
global existence for critical nonlinear Schrödinger equations—a proof whose techniques have been universally
adopted; the first proof of the invariance of the Gibbs
measure associated to certain infinite-dimensional Hamiltonian systems—a work that bridges partial differential
equations, probability theory and mathematical physics;
and the proof of the local Erdős-Volkmann Ring Conjecture—a proof that laid the groundwork for the so-called
Sum-Product Theory and its subsequent development.
With Alex Kontorovich, Bourgain developed the “circle
method,” which has striking applications to integral Apollonian packings and the Zaremba Conjecture. In recent
breakthroughs, Bourgain and Ciprian Demeter proved
the l2 Decoupling Conjecture, and Bourgain, Demeter, and
Larry Guth proved the Vinogradov Mean Value Theorem.

Biographical Sketch: Jean Bourgain
Jean Bourgain was born in 1954 in Oostende, Belgium. He
earned his PhD in 1977 under the supervision of Freddy
Delbaen. From 1975 until 1984 he held a position at the
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Belgian Science Foundation. In 1985 he was appointed
to the IHES faculty, and the same year he also started a
half-time position at the University of Illinois as J. L. Doob
Professor. He joined the Institute for Advanced Study in
1994 as part of the School of Mathematics.
Bourgain was elected Associé Entranger de l’Academie
des Sciences in 2000, Foreign Member of the Polish Academy in 2000, Foreign Member of Academia Europea in
2008, Foreign Member of the Royal Swedish Academy of
Sciences in 2009, Foreign Associate of the National Academy of Sciences in 2011, and Foreign Member of the Royal
Flemish Academy of Arts and Sciences in 2013.
Bourgain has been awarded numerous prizes and
awards, including the Alumni Prize, Belgium NSF (1979);
the Empain Prize, Belgium NSF (1983); the Salem Prize
(1983); the Damary-Deleeuw-Bourlart Prize (1985); the
Langevin Prize (1985); the E. Cartan Prize (1990); the
Ostrowski Prize (1991); the Fields Medal (1994); the I. V.
Vernadski Gold Medal (2010); the Shaw Prize (2010); the
Crafoord Prize (2012); the title of Baron of Belgium (2016);
and the Breakthrough Prize in Mathematics (2017).

Response from Jean Bourgain
I am deeply honored and grateful to receive the 2018 Steele
Prize for Lifetime Achievement. Over the years, I have been
fortunate to meet and interact with some remarkable individuals, with different interests and styles, from whom
I learned a lot. They played a decisive role in introducing
me to new subjects and encouraging my research. A large
part of my work is also the result of fruitful collaborations
with both junior and senior researchers, sometimes over
an extended period of time. I am most grateful to them.
Exceptional working conditions also allowed me full
scientific dedication. At an early career stage, it was an
appointment at the Belgian Science Foundation. Later, in
the mid-1980s, a professorship at the IHES in Bures/Yvette
and at the University of Illinois Urbana—Champaign, and
since 1994 at the Institute for Advanced Study in Princeton. The intensity of scientific life and exposure to new
ideas they offer was and is a great experience, and I would
like to thank them for their trust.
At the present time mathematics is an extremely active
science and its future bodes well for its constant progress,
both for solving old problems and opening new areas of
research.

book or substantial survey or expository research paper;
(3) Seminal Contribution to Research: for a paper, whether
recent or not, that has proved to be of fundamental or
lasting importance in its field or a model of important
research. The Prize for Seminal Contribution to Research
is awarded on a six-year cycle of subject areas. The 2018
prize was given in discrete mathematics/logic; the 2019
prize is open; the 2020 prize is in analysis/probability;
the 2021 prize is in algebra/number theory; and the 2022
prize is in applied mathematics.
The Steele Prizes for Mathematical Exposition and
Seminal Contribution to Research carry a cash award
of US$5,000; the Prize for Lifetime Achievement, a cash
award of US$10,000.
The Steele Prizes are awarded by the AMS Council acting on the recommendation of a selection committee. The
members of the committee for the 2018 Steele Prizes were:
• Tobias H. Colding
• Simon Donaldson
• Phillip Griffiths
• Carlos E. Kenig (Chair)
• Nancy J. Kopell
• Vladimir Markovic
• Yuval Peres
• Victor Reiner
• Thomas Warren Scanlon

A list of previous recipients of the Steele Prize may be
found on the AMS website at www.ams.org/profession/prizes-awards/ams-prizes/steele-prize.

Photo Credits
Photo of Sergey Fomin courtesy of Sergey Fomin.
Photo of Andrei Zelevinsky courtesy of Galina Narkounskaia.
Photo of Martin Aigner courtesy of Martin Aigner.
Photo of Günter Ziegler by Stefan Graif.
Photo of Jean Bourgain by Cliff Moore/Institute for Advanced
Study, Princeton, NJ.

About the Prizes
The Steele Prizes were established in 1970 in honor of
George David Birkhoff, William Fogg Osgood, and William Caspar Graustein. Osgood was president of the AMS
during 1905–1906, and Birkhoff served in that capacity
during 1925–1926. The prizes are endowed under the
terms of a bequest from Leroy P. Steele. Up to three
prizes are awarded each year in the following categories:
(1) Lifetime Achievement: for the cumulative influence of
the total mathematical work of the recipient, high level
of research over a period of time, particular influence on
the development of a field, and influence on mathematics
through PhD students; (2) Mathematical Exposition: for a
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2018 Chevalley Prize in Lie Theory
Dennis Gaitsgory was awarded the 2018 Chevalley Prize in Lie Theory at the 124th Annual Meeting of the AMS in
San Diego, California, in January 2018.

Citation
The 2018 Chevalley Prize is
awarded to Dennis Gaitsgory
for his work on the geometric
Langlands program, especially
his fundamental contributions
to the categorical Langlands conjecture and its extension in his
recent work with Dima Arinkin.
The original arithmetic Langlands program applies to numDennis Gaitsgory
ber fields. What is now called the
geometric Langlands program
applies to function fields, in particular to fields F of meromorphic functions on complex nonsingular algebraic
curves X. It arose from a series of ideas of Beilinson,
Deligne, Drinfeld, and Laumon in the 1980s, following
Langlands’ far-reaching results and conjectures from the
1960s. The goal is to establish reciprocity laws between a
certain type of geometric data attached to G-bundles on X
(specifically, sheaves on the moduli space of G-bundles on
X ) and spectral data consisting of homomorphisms from
the Galois group of F to the Langlands dual of G. Here G
is a Chevalley (or, more generally, reductive) group over
the ground field.
Dennis Gaitsgory is largely responsible for having
created a systematic theory from what had been a collection of provocative ideas and insights. Gaitsgory’s major
results include: his proof of the “vanishing conjecture,”
which is a geometric analogue of regularity of RankinSelberg L-functions; his construction of the (geometric)
Hecke eigensheaf corresponding to a (spectral) irreducible local system for G = GL(n), joint with Frenkel and
Vilonen and extending the work of Drinfeld for n = 2; his
construction with Braverman of (geometric) Eisenstein
series corresponding to (spectral) reducible local systems, following special cases established by Laumon; his
remarkable application of the nearby-cycles functor from
algebraic geometry to geometric Langlands; his work with
Braverman and Finkelberg on the Uhlenbeck compactification—work which may also extend some of the theory
of Eisenstein series from G to a Kac-Moody group; and his
April 2018
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proof of a miraculous duality for the stack of G-bundles
and its role in the functional equation for Eisenstein series.
The geometric Langlands program is most naturally
formulated in terms of derived categories. The conjectural reciprocity law then becomes a statement about the
existence of an equivalence between two categories and
is known as the categorical Langlands conjecture. The
derived category for the geometric side is the category of
D-modules on the stack of G-bundles on X. On the spectral
side, it is the category of quasi-coherent sheaves on the
stack of local systems for the dual group of G. However,
the category on the spectral side has suffered from a number of internal contradictions. In two recent, fundamental
papers, Gaitsgory and Arinkin were able to correct this
problem. The authors introduced a larger category for
the spectral side, which they were then able to relate to a
more familiar category based on parabolic subgroups of
G. The revised categorical Langlands conjecture is very
elegant and bears a closer resemblance to the original
arithmetic Langlands program. In particular, it introduces
objects that correspond in the arithmetic program to the
expected automorphic representations that occur in the
discrete spectrum but which do not satisfy the generalized
Ramanujan conjecture.
The two papers of Gaitsgory with Arinkin represent
the state of the art for the geometric Langlands program.
Despite (or perhaps because of) their abstraction, they contain many beautiful ideas. They can be seen as marvelous
examples of the unity of mathematics.
Gaitsgory’s recent work on these topics appears in
“Singular support of coherent sheaves and the geometric
Langlands conjecture,” Selecta Math. (N.S.) 21 (2015),
1–199 (with D. Arinkin), “Geometric constant term functor(s),” Selecta Math. (N.S.) 22 (2016), 1881–1951 (with V.
Drinfeld), “A strange functional equation for Eisenstein
series and miraculous duality on the moduli stack of bundles,” arXiv:1404.6780, and “The category of singularities
as a crystal and global Springer fibers”, arXiv:1412.4394
(with D. Arinkin). Earlier notable publications include “On
a vanishing conjecture appearing in the geometric Langlands correspondence,” Annals of Mathematics (2) 160
(2004), no. 2, 617–682, and “Geometric Eisenstein series,”
of the
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Inventiones Mathematicae 150 (2002), no. 2, 287–384 (with
A. Braverman).

Biographical Sketch
Dennis Gaitsgory received his PhD in 1998 from Tel Aviv
University, where he studied with Joseph Bernstein. He
was a Junior Fellow at Harvard (1997–2001) and a Clay
Research Fellow (2001–2004). He held his first faculty position at the University of Chicago (2001–2005) and is currently a professor of mathematics at Harvard University.
His research focuses on the geometric Langlands theory in its various aspects (local and global, classical and
quantum) and its relation to other areas of mathematics
(geometry of moduli spaces of bundles on curves, the
theory of D-modules, derived algebraic geometry, representations of Kac-Moody Lie algebras).
He was a recipient of the prize of the European Mathematical Society in 2000 and of a Simons Fellowship in
2015–2016.

Response from Dennis Gaitsgory
I am immensely honored to receive the Chevalley Prize.
I remember a phrase of my PhD advisor, Joseph Bernstein, that in addition to the three commonly known
pillars of mathematics (algebra, analysis, and geometry),
there is the fourth one—Lie theory, which describes the
fundamental laws of symmetry. The mathematical objects
produced by Lie theory are obtained by coupling a certain
combinatorial data (Dynkin diagram, or, more generally,
a root datum) to another type of mathematical structure.
In its most basic incarnation, when this other piece of
structure is a field, we obtain Chevalley groups.
As an aside, Claude Chevalley and my advisor’s advisor,
I. M. Gelfand, were at the origin of the above philosophy.
A significant part of the work of the founder of this prize,
G. Lusztig, can be seen in this light as well.
The Langlands correspondence is a striking property
of Lie theory. It says that given a root datum, its coupling
to a certain family of mathematical data (let us call it
A-data) produces an object equivalent to one obtained by
coupling the dual root datum with another type of data
(call it B-data). The proximity of our terminology (i.e., A
and B) to that appearing in quantum field theory is not a
coincidence.
The geometric Langlands theory is a particular case
of this phenomenon. Here, the A-coupling produces the
category of D-modules on the moduli space of G-bundles
on a given algebraic curve, and the B-coupling produces
the category of quasi-coherent sheaves on the stack of
G-local systems on the same curve.
My current perspective is that at its most fundamental,
the geometric Langlands theory appears in its quantum
version, where one can (hope to) trace the geometric
Langlands phenomenon down to its source, i.e., directly
relate the corresponding categories of D-modules to combinatorial data. Namely, one starts with a root datum and
a quantum parameter and explicitly produces a certain
geometric object, called a factorization algebra (technically, this is a family of perverse sheaves on configuration
460
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spaces of colored divisors). The categories on both the A
and the B sides should be related by explicit procedures
to the category of modules over this factorization algebra.
I am thrilled that my work has been recognized as a
contribution to the development of Lie theory. On this
occasion, I would like to thank the people who have mentored me throughout my career: Sasha Beilinson, Joseph
Bernstein, Vladimir Drinfeld, and David Kazhdan.
I am grateful to Dima Arinkin for the very inspiring
collaboration. Finally, I would like to thank Jacob Lurie
for opening my eyes onto the world of higher categories,
which became key technical tools in the geometric Langlands theory.

About the Prize
The Chevalley Prize is awarded by the AMS Council acting
on the recommendation of a selection committee. The
members of the selection committee for the 2018 Chevalley Prize were:
•• James G. Arthur
•• Jens Carsten Jantzen (Chair)
•• Michele Vergne
The Chevalley Prize is for notable work in Lie theory published during the preceding six years; a recipient should
be no more than twenty-five years past the PhD. The
current prize amount is US$8,000, awarded in even-numbered years, without restriction on society membership,
citizenship, or venue of publication. The Chevalley Prize
was established in 2014 by George Lusztig to honor Claude
Chevalley (1909–1984). Chevalley was a founding member
of the Bourbaki group. He made fundamental contributions to class field theory, algebraic geometry, and group
theory. His three-volume treatise on Lie groups served as a
standard reference for many decades. His classification of
semisimple groups over an arbitrary algebraically closed
field provides a link between Lie’s theory of continuous
groups and the theory of finite groups, to the enormous
enrichment of both subjects.
The inaugural prize in 2016 was awarded to Geordie
Williamson.
Photo Credit
Photo of Dennis Gaitsgory courtesy of Dennis Gaitsgory.
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2018 Frank Nelson Cole Prize in Algebra
Robert Guralnick was awarded the 2018 Frank Nelson Cole Prize in Algebra at the 124th Annual Meeting of the
AMS in San Diego, California, in January 2018.

Citation
The 2018 Frank Nelson Cole
Prize in Algebra is awarded to
Robert Guralnick of the University of Southern California for
his groundbreaking research on
representation theory, cohomology, and subgroup structure of
finite quasisimple groups and
the wide-ranging applications
of this work to other areas of
Robert Guralnick
mathematics.
Guralnick’s paper “First Cohomology Groups of Chevalley Groups in Cross Characteristic” (with Pham Huu Tiep), published in the Annals of
Mathematics in 2011, establishes an explicit upper bound
for the dimension of the cohomology groups H 1(G;V ),
where G is a finite Chevalley group defined over the finite
field of characteristic p, and V is an irreducible representation of G in characteristic ≠p. This bound extends previous
results of Cline, Parshall, and Scott (which apply to representations in characteristic p) and is of key importance for
the Aschbacher-Scott program of understanding maximal
subgroups of arbitrary finite groups.
The paper “Bounds on the Number and Sizes of Conjugacy Classes in Finite Chevalley Groups with Applications to Derangements” (with Jason Fulman), published
in Transactions of the American Mathematical Society in
2012, gives a sharp bound for the total number of irreducible representations of finite Chevalley groups, resolving
a long-standing question. This bound played a key role
in recent advances on several old conjectures in group
theory, including the Ore Conjecture, and the non-commutative Waring Problem.
The paper “Products of Conjugacy Classes and Fixed
Point Spaces” (with Gunter Malle), published in the Journal
of the American Mathematical Society in 2012, proves a
strong generation result for finite simple groups. As consequences, the authors prove the 1966 conjecture of P. M.
Neumann concerning fixed point subspaces in an irreducible representation of any finite group and a conjecture
of Bauer, Catanese, and Grunewald concerning unmixed
April 2018
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Beauville structures (building on earlier work, including
that of Garion, Larsen, and Lubotzky).
These papers represent only a small portion of Guralnick’s overall contribution to group theory and adjacent
areas, such as the inverse Galois problem, algebraic curves,
arithmetic aspects of representation theory, expanders,
etc. He is a prolific and dynamic problem solver, whose
work has been getting more influential with the passage
of time, and he has become the “go-to” person for a wide
range of mathematicians in need of group-theoretic expertise.
Special note from the Selection Committee: Vladimir
Voevodsky, our colleague on the Prize Committee, passed
away just before the completion of the selection process.
His input in our deliberations was invaluable, and we know
he would have been very pleased with the final outcome.

Biographical Sketch
Robert Guralnick was born and raised in Los Angeles and
received both his undergraduate and graduate degrees
from the University of California Los Angeles. He then
spent two years as a Bateman Research Instructor at the
California Institute of Technology before moving to USC
in 1979, where he is currently a professor. He served as
department chair from 1990 to 1996 and has had visiting
positions at Yale, Rutgers, MSRI, Caltech, Hebrew University, Cambridge, the Newton Institute, IAS, and Princeton.
He is a Fellow of the AMS as well as the Association for the
Advancement of Science. He was the G. C. Steward Fellow
at Caius College in Cambridge (2009). He was a Simons
Foundation Fellow in 2012. He has given plenary talks
at the annual meeting of the AMS (2013) and the British
Math Colloquium (2014). He gave a distinguished PIMS
lecture (2014) and an invited talk at the 2014 International
Congress in Seoul. He presented a distinguished lecture
series at the Technion (2016). He served as the managing
editor of the Transactions of the AMS (2004–2012) and is
currently the managing editor of the Forum of Math, Pi
and Sigma, an associate editor for the Annals of Math, and
is also on the editorial board of the Bulletin of the AMS.
of the
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Response from Robert Guralnick

About the Prize

I am tremendously honored and overwhelmed to receive
the Frank Nelson Cole Prize of the American Mathematical Society. I would like to first thank Robert Steinberg,
Michael Aschbacher, and John Thompson for their encouragement and help during my years as a graduate student
and in my early career (and beyond). I would also like to
thank my many fantastic coauthors—in particular, Jason
Fulman, Gunter Malle, and Pham Huu Tiep, the coauthors
on the papers mentioned in the citation for the prize—as
well as Jan Saxl, Alex Lubotzky, Skip Garibaldi, Tim Burness, and many others.
The classification of finite simple groups is one of the
most momentous results in mathematics. It is unique in its
length and complication. John Thompson’s revolutionary
work, first on the odd order paper with Walter Feit and
then even more significantly with the N-group papers,
developed the tools that allowed just the possibility that
a classification could be completed. Daniel Gorenstein
then had the audacity to organize an attempt to classify
finite simple groups, and as he had stated, the amazing
achievements by Michael Aschbacher sped up the process
immensely. The consequences of the classification have
been ubiquitous and have had enormous consequences
in group theory of course, but also in number theory,
algebraic geometry, logic, and many other areas. The
classification is much more than a list of the finite simple groups. It says that the typical finite simple group is
a finite group of Lie type, i.e., a finite analog of a simple
algebraic or Lie group. Then one can use the theory of
algebraic groups to study these finite groups. This allows
us to know about representations in the natural characteristic and about the subgroup structure of these groups.
Moreover, the Deligne-Luzstig theory and its subsequent
developments allow us to study the representation theory
of these finite simple groups in characteristic zero and in
cross characteristic.
Many problems in diverse areas can be translated to
problems in group theory typically via representation
theory or permutation group theory. There are many
reduction theorems (perhaps most notably the Aschbacher-O’Nan-Scott theorem) which further reduce problems to properties of finite simple groups. I am especially
enamored of problems where the translation of the problem is interesting as well as the group theoretic solution
(and determining which group theoretic solutions give rise
to solutions of the original problem).

The Cole Prize in Algebra is awarded by the AMS Council
acting on the recommendation of a selection committee.
For 2018 the members of the selection committee were:
•• Robert K. Lazarsfeld (Chair)
•• Zinovy Reichstein
•• Vladimir Voevodsky
The Cole Prize in Algebra is awarded every three years
for a notable research memoir in algebra that has appeared
during the previous six years. The Cole Prize was established in 1928 to honor Frank Nelson Cole (1861–1926)
on the occasion of his retirement as secretary of the AMS
after twenty-five years of service. He also served as editor-in-chief of the Bulletin for twenty-one years. The Cole
Prize carries a cash award of US$5,000.

462

Notices

A list of previous recipients of the Cole Prize may
be found on the AMS website at: www.ams.org/
profession/prizes-awards/pabrowse?purl
=cole-prize-algebra.

Photo Credit
Photo of Robert Guralnick courtesy of Robert Guralnick.
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2018 Levi L. Conant Prize
Henry Cohn was awarded the 2018 Levi L. Conant Prize at the 124th Annual Meeting of the AMS in San Diego,
California, in January 2018.

Citation
The 2018 Levi L. Conant Prize
is awarded to Henry Cohn for
his article “A Conceptual Breakthrough in Sphere Packing,” published in 2017 in the Notices of
the AMS.
In 2016, Maryna Viazovska
gave an astounding solution to
the sphere packing problem in
dimension 8. Just a week later,
Henry Cohn
Cohn, Kumar, Miller, Radchenko,
and Viazovska solved the sphere
packing problem in dimension 24 by similar ideas.
Cohn’s article unfolds the dramatic story behind these
proofs. What is special about 8 and 24 that makes the
proof work only in these dimensions? The answer is that
there are truly extraordinary sphere packings in these dimensions, arising from the E8 lattice in dimension 8 that
appears in Lie theory, and the Leech lattice in dimension
24 that is so closely connected with finite simple sporadic
groups.
In 2003, Cohn and Elkies showed that the solution
to the sphere packing problem in dimensions d ∈ {8,24}
would follow from the existence of special functions on Rd.
They conjectured the existence of these functions, which
have come to be known as magic functions. Calculations
performed by Cohn, Elkies, Kumar, and Miller “left no
doubt that the magic functions existed: one could compute them to fifty decimal places, plot them, approximate
their roots and power series coefficients, etc. They were
perfectly concrete and accessible functions, amenable to
exploration and experimentation, which indeed uncovered
various intriguing patterns. All that was missing was an
existence proof.” Viazovska not only provided the missing
existence proof, she also gave a remarkable construction
of the magic functions in terms of quasimodular forms,
establishing a deep new connection between sphere packings and number theory.
Throughout the article, Cohn adds motivation and insight. What hints were there of the relevance of modular
forms? How do magic functions relate to the density of
sphere packings? Why is a strategy based on linear proApril 2018
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gramming more sensible than it initially appears? Why is
the Fourier transform a powerful tool for understanding
periodic point configurations?
Viazovska’s breakthrough was one of the mathematical
highlights of the year 2016. However, nonexperts had
no natural entry point to this exciting discovery. Cohn’s
beautiful exposition decisively addresses this lack, both
illuminating the wide circle of ideas leading to the proof
and drawing the contrast between the conclusive results
in dimensions 8 and 24 and our almost complete lack of
knowledge in other dimensions. This strange and striking tale will fascinate readers from every mathematical
background.

Biographical Sketch
Henry Cohn received his PhD from Harvard University
in 2000 and is now a principal researcher at Microsoft
Research New England and an adjunct professor of mathematics at the Massachusetts Institute of Technology. His
research interests include discrete mathematics, broadly
interpreted, and he particularly enjoys applying abstract
mathematics to concrete problems. His interest in concrete mathematical structures was kindled in 1990 at the
PROMYS summer math program for high school students,
and he now coteaches the number theory classes at
PROMYS and PROMYS Europe with Glenn Stevens. He received an AIM five-year fellowship in 2000 and the Lester
R. Ford award in 2005, spoke in the combinatorics section
at the 2010 ICM, and has been a Fellow of the American
Mathematical Society since 2015. Despite their isomorphic
names, he and the French number theorist Henri Cohen
are not in fact the same person.

Response from Henry Cohn
It’s a pleasure and an honor to receive the 2018 Levi L.
Conant Prize. The E8 and Leech lattices are fascinating
objects, and I hope readers will grow to love them as
much as I do.
Of course this article would not exist if not for Maryna
Viazovska’s breakthrough. I am also grateful to Noam
Elkies, Abhinav Kumar, Stephen D. Miller, and Danylo
Radchenko for exploring this subject with me; to David
Rohrlich and Glenn Stevens for the seminar that introof the

AMS

463

AMS Prize Announcements

FROM THE AMS SECRETARY
duced me to modular forms; to Donald Cohn, Noam Elkies,
Steven Kleiman, James Propp, and Susan Ruff for their
insights on mathematical writing; and to my wife, Rachel
Miller, for affectionately indulging my preoccupation with
higher dimensions.

About the Prize
The Conant Prize is awarded by the AMS Council acting
on the recommendation of a selection committee. For
the 2018 prize, the selection committee consisted of the
following individuals:
•• Carolyn Gordon (Chair)
•• Thomas C. Hales
•• Serge L. Tabachnikov
The Levi L. Conant Prize is awarded annually to recognize an outstanding expository paper published in either
the Notices of the AMS or the Bulletin of the AMS in the
preceding five years.
Established in 2001, the prize honors the memory of
Levi L. Conant (1857–1916), who was a mathematician at
Worcester Polytechnic Institute. The prize carries a cash
award of US$1,000.
A list of previous recipients of the Conant Prize may
be found on the AMS website at: www.ams.org/
profession/prizes-awards/pabrowse?purl=cole-prize-algebra#prize=Levi%20L.%20
Conant%20Prize.

Photo Credit
Photo of Henry Cohn by Mary Caisley.
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2018 Frank and Brennie Morgan Prize for
Outstanding Research in Mathematics
by an Undergraduate Student
Ashvin Swaminathan was awarded the 2018 Frank and Brennie Morgan Prize for Outstanding Research in Mathematics by an Undergraduate Student at the 124th Annual Meeting of the AMS in San Diego, California, in January 2018.

Citation
Ashvin Anand Swaminathan is
the recipient of the 2018 AMSMAA-SIAM Frank and Brennie
Morgan Prize for Outstanding
Research in Mathematics by an
Undergraduate Student for his
research in the areas of algebraic geometry, number theory,
and combinatorics. Ashvin has
authored ten papers, of which
Ashvin Swaminathan six have been published; one has
been accepted; and three have
been submitted. Seven of his papers have appeared or will
appear in the Electronic Journal of Combinatorics, Journal
of Algebra, Journal of Logic and Analysis, Proceedings of
the American Mathematical Society, Research in Number
Theory, and International Journal of Number Theory. He
is described as a passionate and focused researcher with
deep technical knowledge, which allows his work to be
original and remarkable, making breakthroughs that are
of substantial interest to experts in long established areas
ofmathematics.
Ashvin did research in the 2014 and 2015 University
of Minnesota Duluth Research Experiences for Undergraduates (REU) program under the mentorship of Professors Joseph Gallian and Noam Elkies in the areas of
combinatorial number theory and Galois representations.
In addition, he also participated in the 2015 and 2016
Emory University REU program under the mentorship
of Professor Ken Ono, Dr. Jesse Thorner, and Professor
David Zureick-Brown, focusing on analytic number theory
and arithmetic geometry. His senior thesis at Harvard was
in the area of algebraic geometry and was mentored by
Professors Joseph Harris and Anand Patel. While in high
school, Ashvin completed research at Stanford in the areas
April 2018
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of logic and analysis and analytic number theory under the
direction of Dr. Simon Rubinstein-Salzedo and Professor
Daniel Kane, respectively.
Ashvin has also been awarded Princeton’s Centennial
Fellowship, a National Science Foundation Graduate Research Fellowship, the Paul and Daisy Soros Fellowship for
New Americans, a Barry M. Goldwater Scholarship, and the
David B. Mumford Prize (for most promising mathematics
concentrator at Harvard). As a high school student, he
was the national winner of the Siemens AP Science Award
and was a regional finalist for the Siemens Competition in
Math, Science, and Technology.

Biographical Sketch
Ashvin Swaminathan was born in New Jersey and raised
in California. He graduated as the valedictorian from the
Harker School in San Jose. He then attended Harvard
University, where he received an AB in mathematics and
an AM in physics, graduating summa cum laude and Phi
Beta Kappa. Currently, Ashvin is pursuing a PhD in mathematics at Princeton University, where he is supported by
three fellowships. Motivated by his undergraduate studies
at Harvard and his work at the NSF Duluth and Emory
REUs, Ashvin plans to pursue research in number theory
and arithmetic geometry.
Besides research, Ashvin is passionate about teaching
and has received certificates of distinction for his service
as a course assistant in the Harvard mathematics department. In his spare time, Ashvin plays the violin and was
fortunate to have performed with the San Francisco Symphony Youth Orchestra and in the Music@Menlo chamber
music program. Ashvin also maintains interests in art
history, music theory, and the classics.

Response from Ashvin Swaminathan
It is a wonderful honor for me to receive the 2018 Frank
and Brennie Morgan Prize. I am deeply grateful
of the
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to Mrs. Morgan for her vision and generosity and to the
AMS, MAA, and SIAM for helping to support undergraduate research in mathematics. Many thanks are due to
Simon Rubinstein-Salzedo for first kindling my interest
in mathematics and research. Besides being fantastic
advisors, Joe Gallian and Ken Ono have been wonderful
sources of inspiration, advice, and help. I am grateful to
both of them for providing me with opportunities to hone
my research skills at their respective REU programs. I
thank Jesse Thorner and David Zureick-Brown for working
closely with me during my two summers at the Emory
REU. Moreover, I would like to thank Joe Harris for being
an incredibly generous teacher and advisor and for offering me a glimpse of the wondrous world of algebraic
geometry from his cultured perspective. I would also like
to thank Anand Patel for coadvising my senior thesis with
Joe Harris and for his limitless flexibility and optimism.
I extend thanks to my Harvard professors, particularly
Noam Elkies, Dennis Gaitsgory, Curtis McMullen, Alison
Miller, and Arul Shankar, for helping to cement my interest
in mathematics. Finally, I thank my parents and grandparents for their unflinching faith in my abilities and for their
undying love and support.

Citation for Honorable Mention: Greg Yang
Greg (Ge) Yang is recognized with an Honorable Mention
for the 2018 Frank and Brennie Morgan Prize for Outstanding Research in Mathematics by an Undergraduate
Student. He has several published and submitted papers
on many different fields, such as logic, neural networks,
dynamical statistical mechanics, and commutative algebra.
In his master’s thesis, submitted as part of the Harvard
AB/SM program, Greg lays out a new mathematical theory of neural memory and algorithmic learning based on
Lie groups. Noteworthy is his senior thesis developing a
homological theory of functions, which is at the intersection of computational complexity theory, learning theory,
and algebraic topology. Greg won the prestigious Thomas
Temple Hoopes Prize for this work.

Biographical Sketch
Greg Yang was born in Hunan Province of China, but soon
moved to Guangzhou for kindergarten, then to Beijing for
elementary school, to Houston, Texas, for middle and high
school, and finally to Cambridge, Massachusetts, for his
undergraduate education at Harvard College.
In his first two years at Harvard, Greg was involved in
many different activities, such as the Harvard Undergraduate Drummers, Freshman Arts Collaborative Experience
Showcase, Harvard College Mathematics Review, Harvard
College Consulting Group, and so on. At the end of his
sophomore year, he decided to pursue music full time,
and for the next year and a half he worked as an EDM
(electronic dance music) producer and DJ under the name
Zeta. During this time, he became exposed to the ideas of
artificial intelligence, and, serendipitously, the realization
of human-level AI became his single focus in life.
After coming back to school for what would have been
his senior spring semester, he took another two years off.
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During this period he quickly learned most major branches
of mathematics and theoretical computer science, along
with the forefront of artificial intelligence, and in addition
became fluent in physics, biology, and neuroscience. At the
end of the 2016–2017 school year, Greg finally obtained
an AB in mathematics and SM in computer science from
Harvard after accelerating his remaining course load. Greg
now works as a researcher at Microsoft Research, with
focus on AI and theoretical computer science.

Response from Greg Yang
It is an incredible privilege to receive Honorable Mention
for the 2018 AMS-MAA-SIAM Frank and Brennie Morgan
Prize for Outstanding Research in Mathematics by an
Undergraduate Student. Thank you, Mrs. Morgan and the
AMS, MAA, and SIAM, for establishing this award and
for promoting undergraduate research in mathematics.
I would like to thank Professor Madhu Sudan for many
hours of discussion and advising and teaching me coding
theory. I would also like to thank Professors Shing-Tung
Yau and Michael Freedman for believing in me and introducing me to researchers in mathematics and computer
science. I am eternally grateful for Scott Kominers, now
a professor of economics at Harvard, who from the very
beginning has been steadfast in his support of me and my
works. Thanks are due to Professor Alexander Rush, who
provided invaluable advice on research in AI. I am also
extremely thankful for Nate Ackerman, who guided me
through my first research paper and was incredibly generous with his time. I thank Rutger Kuyper, who allowed
me to consult his expertise when I was working on my
first paper. I thank Professor Alexander Postnikov for an
insightful discussion about combinatorial commutative
algebra and for his support of my work. I would like to
show my appreciation for Sam Schoenholz, whose paper
“Deep information propagation” inspired me to conduct
my own research into the dynamics of neural networks and
who contributed to my research by running experiments
verifying my predictions. In addition, thanks are due to
Günter Ziegler, Ezra Miller, Bernd Sturmfels, and Fatemeh
Mohammadi, who provided references and discussion on
algebra and combinatorics during the formative period
of my work on homological theory of functions. Thanks
to Professors Leslie Valiant and Boaz Barak for listening
to my babbles and providing encouragement. Of course,
I need to give thanks to all my friends who in one way or
another helped me, especially Felix Wong, who did a lot
of favors for me as a tutor in Quincy House and often
provided insights into my problems through statistical
mechanics.
Last, and most of all, I am grateful for my family’s support through thick and thin, especially during my leaves
of absence from Harvard when I stayed at home. Without
those years of quiet thought, I would not be here today.

About the Prize
Recipients of the Morgan Prize are chosen by a joint AMSMAA-SIAM selection committee. For the 2018 prize, the
members of the selection committee were:
of the
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••
••
••
••
••
••

Anant P. Godbole
V. Kurmar Murty
Sarah Dianne Olson (Chair)
Ken Ono
Catherine Sulem
Melanie Matchett Wood
The Morgan Prize is awarded annually for outstanding
research in mathematics by an undergraduate student
(or students having submitted joint work). Students in
Canada, Mexico, or the United States or its possessions
are eligible for consideration for the prize. Established
in 1995, the prize was endowed by Mrs. Frank (Brennie)
Morgan of Allentown, Pennsylvania, and carries the name
of her late husband. The prize is given jointly by the AMS,
the Mathematical Association of America (MAA), and the
Society for Industrial and Applied Mathematics (SIAM) and
carries a cash award of US$1,200.
A list of previous recipients of the Frank and Brennie
Morgan Prize for Outstanding Research in Mathematics by an Undergraduate Student may be found on the
AMS website at:
www.ams.org/profession/prizes-awards/amsprizes/morgan-prize.

Photo Credit
Photo of Ashvin Anand Swaminathan by Chris Smith.
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2018 Ulf Grenander Prize in
Stochastic Theory and Modeling
Judea Pearl was awarded the inaugural Ulf Grenander Prize in Stochastic Theory and Modeling at the 124th Annual
Meeting of the AMS in San Diego, California, in January 2018.

Citation
The 2018 Grenander Prize in
Stochastic Theory and Modeling
is awarded to Judea Pearl for
the invention of a model-based
approach to probabilistic and
causal reasoning, for the discovery of innovative tools for inferring these models from observations, and for the development
of novel computational methods
Judea Pearl
for the practical applications of
these models.
Grenander sought to develop general tools for constructing realistic models of patterns in natural and
man-made systems. He believed in the power of rigorous
mathematics and abstraction for the analysis of complex
models, statistical theory for efficient model inference,
and the importance of computation for bridging theory
and practice. Judea Pearl has relied on these very same
principles, bringing to it an energy and creativity that
is remarkably reminiscent of the scientific life of Ulf
Grenander.
In the 1980s, through a series of seminal papers and the
landmark book Probabilistic Reasoning in Intelligent Systems, Pearl demonstrated how reasoning systems based on
probabilities could address the principal shortcomings of
the rule-based systems that had dominated decades of AI
research. He argued that properties of classical logic make
it difficult for rule-based systems to cope with reasoning
under uncertainty and proposed that graphical models
of conditional independence, also known as Bayesian
networks, can make this type of inference tractable in
practice. Pearl’s arguments prevailed, and by the early
1990s Bayesian networks and other graphical models had
become the preferred framework for much of AI research
and a rich source of challenging and important problems
in mathematical statistics and computer science.
Mindful of the considerable computational challenges
surely to be encountered in practice, Pearl proposed the
468
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belief propagation algorithm in Bayesian networks, which
recast the problem of computing posterior distributions
given evidence as a scheme for passing local messages
between network variables. Although exact computations
through dynamic programming are possible, Pearl recognized that in most problems of interest this would not be
feasible, and in fact belief propagation turned out to be
remarkably effective in many applications.
Pearl’s primary goal in adopting Bayesian networks for
formulating structured models of complex systems was
his conviction that Bayesian networks would prove to be
the right platform for addressing one of the most fundamental challenges to statistical modeling: the identification of the conditional independencies among correlated
variables that are induced by truly causal relationships.
In a series of papers in the 1990s, Pearl clearly showed
that statistical and causal notions are distinct and how
graphical causal models can provide a formal link between
causal quantities of interest and observed data.
In order to determine whether the effect of a proposed
action can be predicted from a given causal Bayesian network on a set of observable and unobservable variables,
Pearl invented his remarkable “do-calculus” for reasoning
about causal and associated probabilities, interventions,
and observations. Given a Bayesian network that is consistent with the joint statistics of a set of observable variables, Pearl’s calculus provides a systematic and provably
correct plan of derivations to determine the causal effect
of one variable on another from nonexperimental data.
These contributions are beautifully presented in his influential book Causality. Whereas many challenges arise,
for example, involving data collection and counterfactual
interventions, and the story is by no means over, Pearl’s
“do-calculus” has been widely adopted and is perhaps
the most convincing and constructive of the existing approaches to causality.
Pearl has had a sweeping impact on the theory and
practice of statistics and machine learning, and his ideas
continue to engage mathematicians, statisticians, and
of the
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many other scientists with challenging analytic and algorithmic problems that are at the heart of modern AI.

that this influx of interest will lead to new insights into
the logic that governs human understanding.

Biographical Sketch

About the Prize

Judea Pearl is professor of computer science and statistics
at the University of California Los Angeles. He graduated
from the Technion, Israel Institute of Technology, and
joined the faculty of UCLA in 1970, where he currently
directs the Cognitive Systems Laboratory and conducts
research in artificial intelligence, human cognition, and
philosophy of science.
Pearl has authored numerous scientific papers and
three books, Heuristics (1983), Probabilistic Reasoning
in Intelligent Systems (1988), and Causality (2000, 2009),
which won the London School of Economics Lakatos
Award in 2002. A recent book, Causal Inference in Statistics
(2016, with M. Glymour and N. Jewell), introduces modern
causal analysis to undergraduate statistics education. His
forthcoming The Book of Why (2018, with Dana Mackenzie)
explains for a general audience how the concept of cause
and effect, the grand taboo in science, can be placed on a
firm mathematical foundation.
Pearl is a member of the National Academy of Sciences
and the National Academy of Engineering, a fellow of the
Cognitive Science Society, and a founding fellow of the
Association for the Advancement of Artificial Intelligence.
In 2012 he won the Technion’s Harvey Prize and the ACM
Alan Turing Award for the development of a calculus for
probabilistic and causal reasoning.

The Grenander Prize, established in 2017 by colleagues of
Ulf Grenander (1923–2016), is for recognition of seminal
work, theoretical or applied, in the areas of probabilistic
modeling, statistical inference, or related computational
algorithms, especially for the analysis of complex or
high-dimensional systems. Grenander was an influential
scholar in stochastic processes, abstract inference, and
pattern theory. He published landmark works throughout his career, notably his 1950 dissertation Stochastic
Processes and Statistical Interference at Stockholm University; Abstract Inference; his seminal Pattern Theory:
From Representation to Inference; and General Pattern
Theory. A long-time faculty member of Brown University’s
Division of Applied Mathematics, Grenander was a fellow
of the American Academy of Arts and Sciences and the
National Academy of Sciences and was a member of the
Royal Swedish Academy of Sciences.
The Grenander Prize is awarded by the AMS Council
acting on the recommendation of a selection committee.
The members of the selection committe for the 2018
Ulf Grenander Prize in Stochastic Theory and Modeling
Theory were:
•• Jean-Pierre Fouque
•• Donald J. Gelman (Chair)
•• Elizaveta Levina
Photo Credit

Response from Judea Pearl
I am extremely honored to receive the Ulf Grenander
Prize from the American Mathematical Society. The idea
that my work in artificial intelligence has been noticed by
mathematicians makes me view it from new perspectives,
colored both by my passion for mathematics and by the
universal challenges that mathematics poses to the human
intellect.
I also view this prize in the context of a philosophical
puzzle that has haunted me for many years: Why has science deprived cause-effect relationships from the benefit
of mathematical analysis? My college professors could not
write down an equation to express the most obvious causal
statement. For example, that the rooster crow does not
cause the sun to rise or that the falling barometer does not
cause the incoming storm. Unlike the rules of geometry,
mechanics, optics, or probability, the rules of cause and
effect have not been encoded in a mathematical framework. Why have scientists allowed these rules to languish
in bare intuition, deprived of mathematical tools that have
enabled other branches of science to flourish and mature?
My research in the past twenty-five years has attempted
to rectify this historical neglect using graphs instead of
formulas and to capture what the data we observe can tell
us about causal forces in our world. The Ulf Grenander
Prize tells me that these attempts have not been totally
unnoticed. I hope therefore that this Prize will further
encourage mathematicians to delve into the intricate
problems that the calculus of causation has opened and
April 2018
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2018 Bertrand Russell Prize
Christiane Rousseau was awarded the inaugural Bertrand Russell Prize of the AMS at the 124th Annual Meeting
of the AMS in San Diego, California, in January 2018.

Citation
The 2018 Bertrand Russell Prize
of the American Mathematical
Society is awarded to Christiane
Rousseau in recognition of her
many contributions furthering
human values and the common
good through mathematics.
Throughout her career, Professor Rousseau has inspired people of all ages and diverse backChristiane Rousseau
grounds through her lectures,
publications, and a wide range of
activities reaching out to the general public. In particular,
through her visionary leadership of the thematic year
Mathematics of Planet Earth 2013 and her continuing active involvement in the ongoing activities that grew from
it, Professor Rousseau has created opportunities for the
mathematics community worldwide to confront crucial
challenges facing our planet while highlighting the contributions of mathematicians to the well-being of society.
Christiane Rousseau earned her doctorate from the
Université de Montréal in 1977, to which she returned as
a faculty member in 1979, after a postdoctoral position.
She has remained at Montréal since, including a period
as department head. Her research falls primarily within
dynamical systems and differential equations, areas in
which she has published nearly 100 papers and supervised
about ten PhD students. Rousseau served as president of
the Canadian Mathematical Society from 2002 to 2004.
She has been a delegate to the General Assembly of the
International Mathematical Union on three occasions and
served as vice president of the IMU from 2011 to 2014.
She remains on the IMU Executive Committee. Throughout all this, Rousseau has been steadfastly dedicated to
mathematical outreach at all levels. She has published
many articles in popular science magazines. She regularly
lectures in schools and vocational colleges. For decades
she has organized and participated in mathematics camps
of the Association Mathématiques du Québec. For the last
decade she has organized the public lecture series of the
Centre de Recherche Mathématiques (CRM), and she regularly gives public lectures herself at other venues. In 2008
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she coauthored a textbook, Mathematics and Technology,
which remains in widespread use and has been translated
into several languages.
In the early part of this decade Rousseau conceived of
the idea of Mathematics of Planet Earth 2013 (MPE 2013),
a year-long international program aimed at both the mathematics community and the general public, with the goal
of identifying fundamental mathematical problems that
contribute to the understanding and sustainability of our
planet and, at the same time, of informing the public about
the role of mathematics in addressing these challenges.
Professor Rousseau proved indefatigable and highly
skilled as an advocate and organizer of MPE 2013. She
personally secured patronage of MPE 2013 from UNESCO,
which hosted an MPE 2013 day at its Paris headquarters.
The Simons Foundation supported a high-level public lecture series for MPE 2013, which was delivered around the
globe. Over the course of the year the program’s activities
grew to involve many researchers worldwide and over
140 scientific societies, universities, research institutes,
and foundations. Over fifteen major programs and sixty
workshops were held at math institutes, and there were
dozens of special sessions at conferences, public lectures,
special schools for graduate students, and research experiences for undergraduates. Museum-quality exhibits
and high-quality curriculum materials for all levels were
produced and remain in use. Rousseau herself wrote an
article on the discovery of the inner core of the earth for an
MPE-themed special issue of the College Mathematics Journal, which received the MAA’s Pólya Prize the next year.
Another indication of the success of MPE 2013 is that
it did not disappear at the end of the calendar year but
instead transitioned to an ongoing MPE activity. A series of
educational workshops and a research network on mathematics and climate have been funded by the US National
Science Foundation. A multi-institutional MPE Centre for
Doctoral Training has been established with support of
the British Engineering and Physical Sciences Research
Council. Other MPE working groups and projects have
been established around the world. SIAM has started SIAG/
MPE, an activity group in the area. Through another initiative of Professor Rousseau’s, there have been two juried
international competitions for exhibits on the themes of
of the
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MPE, resulting in a permanent exhibition curated by IMAGINARY, a project of the Oberwolfach institute, and made
available to museums and schools worldwide. Through
her commitment, dedication, energy, and ability, Professor
Rousseau has mobilized mathematicians to take on world
challenges, advancing the discipline and making her a
most appropriate recipient of the first Bertrand Russell
Prize of the AMS.

Biographical Sketch
Christiane Rousseau got her PhD from the Université de
Montréal in 1977. After a postdoc at McGill University, she
became professor in the Department of Mathematics and
Statistics of the Université de Montréal. Her research field
is dynamical systems. She chaired her department from
1993 to 1997. Christiane Rousseau was vice president of
the Canadian Mathematical Society for 1995–1997 and
then president for 2002–2004. She chaired the Canadian
National Committee for 2004–2008 and led two Canadian
bids for the International Congress of Mathematicians, ICM
2010 and 2014. Christiane Rousseau was vice president of
the International Mathematical Union (IMU) for 2011–2014,
and she is a member of the executive committee of the
IMU for 2015–2018. She was interim director of CRM
for the year 2008–2009. During that period, she started
Mathematics of Planet Earth 2013 (MPE 2013) with thirteen
North American institutes in mathematical sciences. MPE
2013 grew to the size of an international year under the
patronage of UNESCO. For 2015–2017, she is a member
of the Scientific Board of the International Basic Sciences
Program of UNESCO. Since 2013, she has been a Fellow of
the AMS, and she was the recipient of the George Pólya
Award in 2014. Christiane Rousseau is very involved in
outreach activities, including the magazine Accromath, the
organization of public lectures, the organization of math
camps, and the training of preservice high school teachers.

an impact. The work is just starting. A scientific consensus has grown on global changes and has led to the Paris
climate agreement of December 2015. But that agreement
is now in danger, and many countries do not respect their
commitments. We must continue the work with our colleagues from other scientific disciplines.

About the Prize
The Bertrand Russell Prize is awarded by the AMS Council
acting on the recommendation of a selection committee.
The members of the committee to select the winner of the
Bertrand Russell Prize for 2018 were:
•• Douglas A. Arnold (Chair)
•• Inez Fung
•• Charles Samuel Peskin
The Bertrand Russell Prize was established in 2016 by
Thomas Hales. The prize looks beyond the confines of the
profession to research or service contributions of mathematicians or related professionals to promoting good in
the world. It recognizes the various ways that mathematics
furthers fundamental human values. Mathematical contributions that further world health, our understanding of
climate change, digital privacy, or education in developing
countries are some examples of the type of work that
might be considered for the prize.
Photo Credit
Photo of Christiane Rousseau courtesy of Christiane Rousseau.

Response from Christiane Rousseau
I feel extremely privileged to receive the 2018 Bertrand
Russell Prize of the AMS. And I am very thankful to the
AMS for this honor. The success of Mathematics of Planet
Earth (MPE) came from teamwork, and I am very grateful
to my American colleagues, in particular Brian Conrey,
Hans Kaper, and Mary Lou Zeeman, for their commitment
to the success of MPE 2013 and to the move to MPE at the
end of the year. As soon as I had the idea of Mathematics
of Planet Earth, it became a passion for me to learn more
about the many contributions of mathematics to the understanding of our planet. At the same time, the more I
learnt about the threats coming from global changes and
the increase of the world population, the more I felt that
our community has to play a role. Indeed, mathematics
has so much to say on these challenges that it is a must
to train a new generation of researchers who can contribute to [solving] these problems; this is why MPE spread
by itself over the world. And one does not need to be an
applied mathematician to convey the message through
one’s teaching or outreach activities. MPE has made the
case that, by joining forces internationally, we can have
April 2018

Notices

of the

AMS

471

AMS Prize Announcements

FROM THE AMS SECRETARY

2018 Albert LeonWhiteman Prize
Karen Hunger Parshall was awarded the 2018 Albert Leon Whiteman Memorial Prize at the 124th Annual Meeting
of the AMS in San Diego, California, in January 2018.

Citation
The 2018 Albert Leon Whiteman
Prize of the American Mathematical Society is awarded to
Karen Hunger Parshall of the
University of Virginia for her outstanding work in the history of
mathematics, and in particular,
for her work on the evolution of
mathematics in the United States
and on the history of algebra, as
Karen Hunger
well as for her substantial contriParshall
bution to the international life of
her discipline through students,
editorial work, and conferences.
Professor Parshall has a long and distinguished publishing record in the history of mathematics: four seminal
books, one monograph, four coedited volumes, more than
fifty research papers, and a great number of reviews and
papers directed at wider audiences. She has particularly
studied two themes: the evolution of mathematics in the
United States and the history of algebra. Concerning the
first theme, she coauthored with D. Rowe The Emergence
of the American Mathematical Research Community
(1876–1900) (AMS, 1994). She subsequently extended that
work to the year 1950 in numerous research papers. As
for her second research focus, the history of algebra, she
has produced decisive works in the history of the theory
of algebras, of invariant theory, and of the theory of finite
groups, as well as a synthesis, coauthored with V. Katz,
Taming the Unknown: A History of Algebra from Antiquity to the Early Twentieth Century (Princeton University
Press, 2014). At the intersection of these two themes, she
devoted two major books to the towering figure of British
mathematician James Joseph Sylvester (1814–1897), his
mathematical research as well as his role in the creation
of the Mathematics Department at the Johns Hopkins
University and the founding of the American Journal of
Mathematics.
Parshall unites approaches long thought to be contradictory. She masters impressive amounts of archival
evidence, applies utmost scrutiny and competence in
analyzing both mathematical content and institutional
472
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contexts, and establishes links between local mathematical
environments and the appreciation of particular mathematical objects within those environments. Examples include her fine comparison of German and Anglo-American
approaches to invariant theory in the nineteenth century
and her analysis of the way in which Sylvester applied his
combinatorial and algebraic work to chemistry. She has
also reflected on issues linking mathematics and society,
for instance, the internationalization of mathematics and
the place of women in mathematics.
Parshall excels in exposition. She gave a plenary lecture
at the hundredth anniversary celebration of the Mathematical Association of America in 2015 and was an invited
speaker at the International Congress of Mathematicians
in Zürich in 1994, as well as at the Joint Mathematics
Meetings in 1995, 2000, and 2008. She served on the
editorial boards of the American Mathematical Monthly
(1996–2006) and of The Mathematical Intelligencer (1989–
1992) and has written articles for the large audiences of
these journals, in particular on the history of mathematical education. She has played a key role in developing
the history of mathematics into a professional discipline
in the United States. Several former doctoral students of
hers are now professors and researchers. As managing
editor (1994–1996) and then editor (1996–1999) of Historia Mathematica, chair of the International Commission
for History of Mathematics for eight consecutive years,
and co-organizer of several international conferences,
she has also shaped the domain beyond national borders.
The depth and variety of her contributions, historical and
mathematical, make her a natural and notable recipient
of the Whiteman Prize.

Biographical Sketch
Karen Hunger Parshall is Commonwealth Professor of
History and Mathematics at the University of Virginia. She
earned her BA in French and mathematics, as well as her
MS in mathematics, at Virginia before pursuing her graduate work at the University of Chicago. She earned her PhD
in history there in 1982, working under the supervision
of I. N. Herstein in mathematics and Allen G. Debus in the
history of science.
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She followed her first job, in the mathematics department at Sweet Briar College (1982–1987), with a year in
the mathematics department at the University of Illinois
at Urbana–Champaign. Since 1988, she has been on the
faculty at the University of Virginia, where she has a joint
appointment in the Departments of History and Mathematics, teaching the history of science in the history department and mathematics and the history of mathematics
in the mathematics department. This dual commitment
has been reflected in her professional service. She has
been actively involved with Historia Mathematica, an international journal for the history of mathematics, since
the 1990s, serving as its editor-in-chief from 1996 to
1999. She also served as a member of the Councils of the
American Mathematical Society (1998–2001) and of the
History of Science Society (2001–2004). In 2002 and then
again in 2006, she was elected to four-year terms as chair
of the International Commission. She has been privileged
to lecture on her research in many venues, among them
as an invited hour speaker at the International Congress
of Mathematicians in Zürich (1994), as a plenary lecturer
at the Joint Mathematics Meetings in San Francisco (1995),
in Washington, DC (2000), in San Diego, California (2008),
and as one of the MAA’s Centennial Speakers in Washington, DC (2013). She was particularly honored that her
research was supported in 1996–1997 by both the John
Simon Guggenheim Foundation and the National Science
Foundation’s Program for Visiting Professorships for
Women and that it was recognized by her election (in 2002)
as a corresponding member of the Académie Internationale d’Histoire des Sciences and (in 2012) as an inaugural
Fellow of the American Mathematical Society.
Her most recent books are Taming the Unknown: A
History of Algebra from Antiquity to the Early Twentieth
Century (coauthored with Victor Katz) (2014) and Bridging
Traditions: Alchemy, Chemistry, and Paracelsian Practices
in the Early Modern Era: Essays in Honor of Allen G. Debus
(coedited with Michael T. Walton and Bruce Moran) (2015).
She is currently at work on a book-length study of the
American mathematical research community, 1920 to
1950.

Response from Karen Hunger Parshall
I am deeply honored and profoundly humbled to be named
the 2018 recipient of the Albert Leon Whiteman Memorial
Prize in the history of mathematics.
Although the history of mathematics has a long history,
going back in the Western intellectual tradition at least
to the work of Eudemus of Rhodes in the fourth century
BCE, its recognition and institutionalization in the modern
academy has by no means been automatic. Is it history?
Is it mathematics? Is it somehow both? Is it somehow
neither? These questions have had different answers as
the history of mathematics has sought a niche in the intellectual continuum.
When I was an undergraduate at the University of Virginia trying to decide whether to go to graduate school in
mathematics or in French, I had never heard of the history
of science, much less the history of mathematics. Those
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subjects just were not offered at UVA. Indeed, they were
not offered at most colleges and universities. In my junior
year, though, I had an amazing stroke of good fortune. My
French advisor and mentor, Bob Denommé, convinced me
that I was ready to dive into the graduate offerings, and
he particularly steered me into the course, ostensibly on
eighteenth-century French literature, offered that fall by
the university’s visiting professor from France. Little did I
realize when I walked into that classroom that the course
was really going to be one on the history of eighteenthcentury French science and that my professor, Jacques
Roger, was one of the leading historians of science in
France. By the end of that semester, I had discovered a
whole new field and was being encouraged to choose it
for graduate school. I would not have to decide between
French and mathematics!
As a historian of science, I would need all of my languages, and, by working on the history of mathematics,
I would need all of the mathematics I had had and more.
But how would it work? Would I be able to get a job as a
historian of mathematics? At a time before the Internet,
I sent off letters to a dozen historians and philosophers
of science whose names I found in the library by looking
up and reading their books. They did not know this UVA
undergraduate from Adam, and several of them never
answered or answered perfunctorily. One, though, the
philosopher of science Abner Shimony, at Boston University, wrote me back a long and thoughtful letter with what
in retrospect may have been idealistic advice. Still, it was
just the advice that this idealistic undergraduate needed
to hear: if you work hard at it, things will fall into place.
The first thing that fell into place was my admission
to the University of Chicago’s Morris Fishbein Center for
the History of Science and Medicine in the Department of
History. On my first visit to the campus after receiving
my letter of acceptance, I met with two of the faculty
members associated with the center, its director and ultimately my history of science advisor, mentor, and friend,
Allen Debus, and Saunders Mac Lane. When I showed up
at Mac Lane’s office door and talked to him about my interests in the history of nineteenth- and twentieth-century
algebra, he told me that we needed to go down the hall
so that I could meet his colleague, Yitz Herstein. When I
told Herstein what I wanted to work on, he said in an uncharacteristically Rhett Butleresque way, “My dear, I have
been waiting for you to walk through my door for fifteen
years.” From that moment on, I had an advisor in mathematics and, thanks to Chicago’s interdisciplinarity, ended
up taking half of the courses for my PhD in history in the
mathematics department with Yitz, Irving Kaplansky,
Jon Alperin, and Mac Lane. The dissertation that I subsequently produced on Wedderburn’s contributions to the
history of the theory of algebras was written under their
steady mathematical gazes, as well as with the benefit
of the incisive historical critique of Allen Debus and my
other professors in the history of science, especially Bob
Richards and Noel Swerdlow. In working together to work
with me, these mathematicians and historians of science
gave me an answer to the question “What is the history of
of the
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mathematics?” They showed me that it could and should
be both history and mathematics, at the same time that it
intimately intertwines the two.
Since 1988, when its then dean of the faculty, the
physicist Hugh Kelly, made possible a completely unheard of fifty-fifty joint appointment for me in history
and mathematics, the University of Virginia has provided
a challenging but supportive environment. There, I have
pursued my research, trained graduate students in the
history of mathematics, and introduced undergraduates to
the amazingly rich histories of science and mathematics.
I have continually benefited from my daily bouncing back
and forth between conversations with colleagues in both
of my departments. Two in particular—my colleague in
history, Joe Kett, and my colleague in mathematics, my
husband, Brian Parshall—have, through their respective
insights, helped me become a better historian of mathematics. And the same is true of my PhD students—Della
Dumbaugh, Patti Hunter, Sloan Despeaux, Deborah Kent,
and Laura Martini—while they were working on their dissertations and in the years since.
I also came to realize that even though it may have
seemed like I had to carve, with much help, my own academic niche, I was by no means alone. I came, through
the Joint Mathematics Meetings and the efforts initially
of Victor Katz and Fred Rickey, to realize that there was
a vibrant community of historians of mathematics in the
United States, as well as internationally. Joe Dauben at
the City University of New York and the fourth Whiteman
Memorial Prize winner has been a constant source of
professional inspiration throughout my career, as was
the noted English historian of mathematics, Ivor Grattan-Guinness. Another friend and colleague, Albert Lewis,
opened for me the treasure trove that is the Archive of
American Mathematics. My debts to other colleagues and
collaborators in the United States, Great Britain, France,
the Netherlands, Germany, Spain, Italy, Mexico, Brazil,
Australia, China, and elsewhere are simply too numerous
to detail. Their work and the give-and-take in which we
engage here at the Joint Mathematics Meetings, as well as
at meetings and less formal encounters around the world,
have helped us all to grow as historians of mathematics
and the field to develop as a discipline at the interface
between history and mathematics.
I extend my most heartfelt thanks to all of these
colleagues, as well as to the AMS’s selection committee.
My thanks also go to Sally Whiteman. She made the Alfred Leon Whiteman Memorial Prize possible and, in so
doing, prominently recognized research in the history of
mathematics within the broader mathematical research
community.
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About the Prize
The Whiteman Prize is awarded every three years to recognize notable exposition and exceptional scholarship
in the history of mathematics. The prize was established
in 1998 using funds donated by Mrs. Sally Whiteman in
memory of her husband, the late Albert Leon Whiteman.
The prize carries a cash award of US$5,000.
The Whiteman Prize is awarded by the AMS Council
acting on the recommendation of a selection committee.
The members of the 2018 prize selection committee were:
•• Umberto Bottazzini
•• James W. Cannon
•• Catherine Goldstein (Chair)
A list of previous recipients of the Whiteman Prize
may be found on the AMS website at www.ams.
org/profession/prizes-awards/pabrowse?purl
=jpbm-comm-award#prize=Albert%20Leon%20
Whiteman%20Memorial%20Prize.

Photo Credit
Photo of Karen Parshall Hunger by Bryan Parsons.
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2018 Award for
Distinguished Public Service
Sylvain Cappell was awarded the 2018 Award for Distinguished Public Service at the 124th Annual Meeting of the
AMS in San Diego, California, in January 2018.

Citation

Biographical Sketch

The 2018 AMS Award for Distinguished Public Service is presented to Sylvain Cappell, Julius
Silver Professor of Mathematics
at New York University, for his
remarkable mentoring of talented young mathematicians, his
dedication to protecting human
rights, and his extraordinary
involvement in outreach. During
Sylvain Cappell
his years at the Courant Institute, Cappell has displayed an
exceptional ability to recognize and nurture mathematical
talent. He was a founder of the Courant Institute’s Center
for Mathematical Talent and has continuously served on
its board. Cappell has identified, counseled, and mentored dozens of mathematicians, starting at the primary
levels through to the university and professoriate. Many
of these individuals went on to distinguished careers in
mathematics. For several decades, he mentored faculty
and developed math-related workshops for the Faculty
Resource Network. Cappell has also immersed himself in
service to the mathematics profession in other ways. He
has been an eloquent spokesman for human rights, serving
for two decades on the Advisory Boards for the Committee
of Concerned Scientists and the academic organization
Scholars at Risk. He has served as advisor to organizations
ranging from the Rothschild Foundation and CalTech to
NYC Math Circles, the Museum of Mathematics, and Math
for America.
Mathematicians focused on research often forget that
their profession requires public service in order to sustain
it. Sylvain Cappell is a model for all mathematicians—a
distinguished research mathematician devoted not only
to doing mathematics but also to nurturing and serving
it well.

April 2018
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Sylvain Cappell was born in Belgium in 1946 to Holocaust
survivors. His parental family immigrated to the United
States in 1950. He obtained his BA (summa cum laude)
from Columbia University in 1966 in math (while taking
enough literature courses for a major), where he studied
with Samuel Eilenberg. He obtained his PhD in mathematics from Princeton University in 1969, working under the
supervision of William Browder, and then to 1974 held
academic appointments there.
Since 1974 he has been at New York University’s Courant Institute of Mathematical Sciences, a full professor
since 1978, and in 2008 was appointed by NYU to its
Julius Silver Professorship. He has also held visiting faculty appointments at Harvard University, the University
of Pennsylvania, the Weizmann Institute of Science, the
Institut des Hautes Études Scientifiques, and the Institute
for Advanced Study.
His one hundred scientific publications include research works on geometric topology and its connections
to many other areas of mathematics, including algebraic,
symplectic, combinatorial, and differential geometry, as
well as algebraic K-theory and global analysis. He was
awarded both Sloan Foundation and Guggenheim Foundation Fellowships and has given invited addresses to both
the American Mathematical Society and the International
Congress of Mathematicians. He has chaired and served on
external review committees for many leading universities,
foundations, government science agencies, and research
institutes in the United States and abroad. He has served
on, including as chair, American Mathematical Society
national committees, on the Council of the AMS, on the
AMS Executive Committee, and subsequently as vice president of the AMS (2010–2013), and is an inaugural Fellow
of the AMS. At NYU he has twice been chair of the Faculty
Senate. He coedited the two volumes of Surveys on Surgery
Theory, published by Princeton University Press.
Professor Cappell has supervised nineteen doctoral theses: two at Princeton and seventeen at NYU. Several of his
former students and postdocs have chaired leading math
of the
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departments in the United States and Europe, and these
and others have been research and educational leaders.
His extensive, long-term involvements in math education
of young people include serving from its inception on the
Advisory Council of the Museum of Mathematics and as
advisor to the Math for America Foundation. He has long
mentored math-gifted students of all ages in the tri-state
region.
Professor Cappell is fluent in and lectures in several
languages, including French (his first language) and Hebrew. He lives in Greenwich Village with his wife, Amy
Cappell. They met as students in Bronx High School of
Science (some students of which he has mentored over
the years). His wife of thirty years taught art at Stuyvesant
High School (from which Professor Cappell has also over
the years mentored students). They have four children and
four grandchildren, all living in New York City.

Response from Sylvain Cappell
I’m deeply honored to receive this award. Whatever efforts I’ve made which it denotes are a small return for
my great good fortune in having had a mathematical life
in which I’ve enjoyed inspiring, great teachers; brilliant,
long-term research collaborators who made working sessions in Greenwich Village cafes and elsewhere a delight;
consistently supportive colleagues at Courant Institute
with whom I’ve shared scientific and educational goals;
and wonderful students from youngsters to doctoral and
postdocs with whom adventures in learning and working
together have been a joy.
I’d like to acknowledge some of the outstanding institutions with which I’ve long been privileged to work on
math educational and outreach activities. These include
the National Museum of Mathematics, the Courant Institute’s Center for Mathematical Talent, the Math for
America Foundation, the New York Math Circles, and the
Faculty Resource Network. I’ve also been privileged to
be involved with great human rights work in academia
worldwide accomplished by the Committee of Concerned
Scientists and by Scholars-at-Risk. Unfortunately, the need
for such dedicated academic human rights efforts is not
yet diminishing.
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About the Award
The Award for Distinguished Public Service is made by
the AMS Council, acting on the recommendation of the
selection committee. For the 2018 award, the members
of the selection committee were:
•• John H. Ewing
•• Richard M. Hain
•• William McCallum (Chair)
•• Ronald John Stern
•• David A. Vogan Jr.
The Award for Distinguished Public Service is presented
every two years to a research mathematician who has
made a distinguished contribution to the mathematics
profession during the preceding five years. The purpose of
the award is to encourage and recognize those individuals
who contribute their time to public service activities in
support of mathematics. The award carries a cash prize
of US$4,000.
A list of previous recipients of the Distinguished
Public Service Award may be found on the AMS website at www.ams.org/profession/prizes-awards/
pabrowse?purl=public-service-award.

Photo Credit
Photo of Sylvain Cappell courtesy of Sylvain Cappell.
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2018 George David Birkhoff Prize
in Applied Mathematics
Bernd Sturmfels was awarded the 2018 George David Birkhoff Prize in Applied Mathematics at the 124th Annual
Meeting of the AMS in San Diego, California, in January 2018.

Citation
The 2018 George David Birkhoff
Prize in Applied Mathematics is
awarded to Bernd Sturmfels for
his instrumental role in creating
the field of applied algebraic
geometry. He has made foundational contributions to combinatorics, algebraic geometry, and
symbolic computation, and he
has introduced algebraic techBernd Sturmfels
niques to numerous areas of
applied mathematics, including
bioinformatics, computer vision, optimization, and statistics. Like Birkhoff, the intellectual range of his work
stretches from pure mathematics to the very applied and
demonstrates the unity of mathematics. In addition, he
is an exceptional expositor, a wonderful teacher, and a
dedicated mentor to young mathematicians.

Biographical Sketch
Bernd Sturmfels received doctoral degrees in mathematics in 1987 from the University of Washington, Seattle,
and the Technical University Darmstadt, Germany. After
postdoctoral years in Minneapolis and Linz, Austria, he
taught at Cornell University before joining the University
of California Berkeley in 1995, where he is professor of
mathematics, statistics, and computer science. Since 2017
he has been director at the Max-Planck Institute for Mathematics in the Sciences, Leipzig. His honors include a Sloan
Fellowship, a David and Lucile Packard Fellowship, a Clay
Senior Scholarship, an Alexander von Humboldt Senior Research Prize, the SIAM von Neumann Lecturership, and the
Sarlo Distinguished Mentoring Award. He served as vice
president of the American Mathematical Society from 2008
to 2010, and he was awarded an honorary doctorate from
Frankfurt University in 2015. A leading experimentalist
among mathematicians, Sturmfels has authored ten books
and 250 research articles in the areas of combinatorics,
April 2018
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algebraic geometry, symbolic computation, and their applications. He has mentored forty-five doctoral students
and numerous postdocs. He is a Fellow of the AMS and of
the Society for Industrial and Applied Mathematics (SIAM).
His current research addresses questions in algebra that
are inspired by statistics, optimization, and biology.

Response from Bernd Sturmfels
I am deeply honored and delighted to receive the 2018
George David Birkhoff Prize in Applied Mathematics. I
greatly appreciate the citation and the recognition from
the American Mathematical Society and the Society for Industrial and Applied Mathematics. George David Birkhoff
is one of my heroes: he embodies the unity of mathematics, scholarship, and mentorship.
The Birkhoff Prize was established exactly fifty years
ago, and it is the greatest honor for me to join the distinguished list of scholars who have shaped our science for
half a century. This year’s award recognizes the emerging
field of applied algebraic geometry and the many wonderful colleagues and mentees who have been involved in its
development.
A pivotal event was the year-long research program
at the Institute for Pure and Applied Mathematics in
2006–2007. The IMA director at the time, Doug Arnold,
was an amazing cheerleader. It was his idea to create a
SIAM Activity Group in Algebraic Geometry and thus establish a direct link between a “pure” field that is central to
mathematics with exciting new directions of application.
This development ultimately led to the SIAM Journal on
Applied Algebra and Geometry, which now offers a home
for the directions listed in the citation.
Birkhoff taught us that mathematics can be outward
looking and yet remain deep. Connections with the life
sciences are especially important. They continue to be
a challenge and an opportunity, and I owe a lot to Lior
Pachter for guiding me towards this path. While it is most
valuable to apply mathematics to biology, I continued to
be intrigued by the converse. My hope is to witness the
of the
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discovery of new and innovative ways in which biology
can contribute to mathematics.
I am indebted to my mentors, Louis Billera, Jürgen Bokowski, Bruno Buchberger, William Fulton, Israel Gel’fand,
and Victor Klee, who taught me the craft of our field and
guided me into the academic community. Through them
I learned that I might not be an imposter after all.
It is amazing fun to work with others, and I had
the great fortune of collaborating with many inspiring
colleagues. Most of all, I am grateful to my PhD students
and postdocs at Cornell, Berkeley, Berlin, and Leipzig. They
have been my ultimate teachers. Finally, I wish to thank
my family: my wife, Hyungsook, and my children, Nina
and Pascal, for their support of my mathematical journey
and for putting up with my crazy early-morning schedule.

About the Prize
The Birkhoff Prize recognizes outstanding contributions
to applied mathematics in the highest and broadest sense
and is awarded every three years. Established in 1967, the
prize was endowed by the family of George David Birkhoff (1884–1944), who served as AMS president during
1925–1926. The prize is given jointly by the AMS and the
Society for Industrial and Applied Mathematics (SIAM). The
recipient must be a member of one of these societies. The
prize carries a cash award of US$5,000.
The recipient of the Birkhoff Prize is chosen by a joint
AMS-SIAM selection committee. For the 2018 prize, the
members of the selection committee were:
•• Andrea L. Bertozzi
•• Kenneth M. Golden
•• Michael C. Reed (Chair)
A list of previous recipients of the Birkhoff Prize
may be found on the AMS website at: www.ams.
org/profession/prizes-awards/pabrowse?purl=
birkhoff-prize.

Photo Credit
Photo of Bernd Sturmfels courtesy of Bernd Sturmfels.
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2018 Joint Policy Board for
Mathematics Communications Awards
The JPBM Communications Awards of the Joint Policy Board for Mathematics were presented for public outreach at
the Joint Mathematics Meetings in San Diego, California, in January 2018 to Vi Hart and Matt Parker.

Citation for Vi Hart

Response from Vi Hart

The 2018 JPBM Communications
Award is presented to Victoria
(Vi) Hart for her entertaining,
thought-provoking mathematics
and music videos on YouTube
that explain mathematical concepts through doodles. She is
well known among the younger
generation and her videos, which
include the series “Doodling in
Vi Hart
Math Class,” have an audience of
millions. She has also authored
publications in computational
geometry, mathematics and music, mathematical art, and
mathematics education.

I am honored to join the distinguished company of recipients of this award, which has been around just about as
long as I have! The list of previous recipients is halfway
to being a bibliography of my own influences in mathematics. I was extremely lucky to grow up surrounded by
those who have shown me the beauty, meaning—and sheer
pleasure—to be found in mathematical thought. I feel
strongly that this beauty must be shared and have found
my own particular way of reaching out to the millions
of people who need more math in their lives (including
many who didn’t know it before). I appreciate the JPBM’s
openness in recognizing new media and Internet media’s
role in mathematics communication, and I look forward
to continuing to share my love of mathematics!

Biographical Sketch

The 2018 JPBM Communications Award is presented to Matt
Parker for communicating the
excitement of mathematics to
a worldwide audience through
YouTube videos, TV and radio
appearances, book and newspaper writings, and stand-up comedy. In 2008 he started MathsJam as an informal gathering of
Matt Parker
people who enjoy talking about
mathematics in the pub, and it
has gone on to become a global phenomenon with its own
annual conference.

Vi Hart is a mathemusician and philosopher known
primarily for work in mathematical understanding, musical structure, and social justice. Vi has publications in
computational geometry, symmetry, mathematics and
music, mathematical art, and math education and is the
principal investigator of eleVR, a research group focused
on understanding how virtual and augmented reality
technology can impact how humans think, see, and feel.
After receiving a BA in music from Stony Brook University,
Vi traveled the world researching mathematics, writing
music, and doing performance art, which eventually led
to the creation of the “Doodling in Math Class” series
and other videos, which have together gathered over 100
million views. Hart’s work has been supported by Khan
Academy, culminating in the creation of “Twelve Tones,”
one of Hart’s best-known works in mathematics, music,
and philosophy. Afterward, Vi shifted to working with
virtual and augmented reality technologies, with support
from SAP and Y Combinator Research. Vi is also known
as cocreator of “Parable of the Polygons,” an explorable
explanation of systemic bias that has been played over 5
million times.
April 2018
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Citation for Matt Parker

Biographical Sketch
Matt Parker is a stand-up comedian and mathematics
communicator. He appears regularly on TV and online: as
well as being a presenter on the Discovery Channel, his
YouTube videos have been viewed over 50 million times.
Matt originally trained as a high school math teacher in
Perth, Australia, before moving to the United Kingdom.
Having left the classroom, he now visits schools around
of the
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the world to talk to students about mathematics as part
of the Think Maths organization he started. Matt is also
a founder of MathsJam events in pubs; Maths Busking,
taking math to the street; and Maths Gear, manufacturing
and selling nerdy math toys.
In his remaining free time, Matt is the Public Engagement in Mathematics Fellow at Queen Mary University of
London.
Matt lives in the achingly quaint English village of
Godalming with his physicist wife, Lucie Green. He once
organized an event that broke the world record for “most
people simultaneously solving Rubik’s Cube®.”

Response from Matt Parker
I am extremely humbled to be selected for this prize. With
so much amazing mathematics communication going on
around the world, it is an honor to be selected by the
Joint Policy Board for Mathematics. My career would not
be possible without the community of mathematics enthusiasts around me.
At the completion of my mathematics degree, I realized
that I enjoyed talking about the subject as much as I did
doing it. So a move into teaching seemed like an obvious
choice, and I quickly discovered that I enjoyed being a high
school math teacher immensely. Obviously there was a
set curriculum I needed to get the students through, but
I considered my real job was to actively engage the pupils
in mathematics and try to spark a love of the subject. Everything I have done since then has been to try and share
that same love of math with a wider and wider audience.
I could now easily fill the rest of this book with names
of people who deserved to be named as part of this prize
as much as I do, but reading such a list can be so tedious
as to be meaningless. So instead here is a rundown of the
general communities those names would be pulled from:
Thanks to the recreational mathematicians everywhere
who celebrate the fun side of the subject: I appreciate
everyone involved in MathsJams and math gathering of
all types. Thanks to math teachers who do a difficult job
and everyone who works with me to provide support for
schools, including Think Maths and Maths Inspiration.
Cheers to everyone who helps get my books published; it’s
a shame such a team effort ends with a single name on the
cover. Thank you to all my fellow YouTube channels, including the incredible Numberphile. Much appreciation to
all my stand-up comedy colleagues who tolerate my need
to overmath everything (with special mention to Festival of
the Spoken Nerd). I’m in debt to every radio and TV station
who have given me a mainstream platform, including the
BBC and Discovery. And a final thanks to all the people
out there who use math in their lives and give back by
donating their time and effort to help me with projects
and their money to crowd-fund my more ridiculous ideas.
And final thanks to my wife, Lucie Green, who does
deserve to be named specifically because she enables all
of the above and more.
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About the Award
The JPBM Communications Award is presented annually to
reward and encourage journalists and other communicators who, on a sustained basis, bring mathematical ideas
and information to non-mathematical audiences. JPBM
represents the American Mathematical Society, the American Statistical Association, the Mathematical Association
of America, and the Society for Industrial and Applied
Mathematics. The award carries a cash prize of US$1,000.
A list of previous recipients of the JPBM Communications Award may be found on the AMS website at www.ams.org/profession/prizes-awards/
pabrowse?purl=jpbm-comm-award.

Photo Credits
Photo of Vi Hart by M. Eifler, 2017 (CC by 4.0).
Photo of Matt Parker by Steve Ullathorne.
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New Publications
Offered by the AMS
To subscribe to email notiﬁcation of new AMS publications,
please go to www.ams.org/bookstore-email.

Algebra and Algebraic
Geometry

GRADUATE STUDIES
IN MATHEMATICS

188

Introduction
to Algebraic
Geometry

Holomorphic
Automorphic Forms
and Cohomology
Roelof Bruggeman, Universiteit
Utrecht, The Netherlands,
Youngju Choie, Pohang
University of Science and
Technology, South Korea, and
Nikolaos Diamantis, University
of Nottingham, United Kingdom
This item will also be of interest to those working in number
theory.

Steven Dale Cutkosky

Introduction to
Algebraic Geometry
Steven Dale Cutkosky,
University of Missouri, Columbia,
MO

This book presents a readable and
accessible introductory course in
algebraic geometry, with most of the
fundamental classical results presented
with complete proofs. An emphasis
is placed on developing connections between geometric and
algebraic aspects of the theory. Diﬀerences between the theory
in characteristic 0 and positive characteristic are emphasized.
The basic tools of classical and modern algebraic geometry are
introduced, including varieties, schemes, singularities, sheaves,
sheaf cohomology, and intersection theory. Basic classical results
on curves and surfaces are proved. More advanced topics such
as ramiﬁcation theory, Zariski’s main theorem, and Bertini’s
theorems for general linear systems are presented, with proofs, in
the ﬁnal chapters.

Contents: Introduction; Part I. Cohomology with values in
Holomorphic Functions: Deﬁnitions and notations; Modules and
cocycles; The image of automorphic forms in cohomology;
One-sided averages; Part II. Harmonic Functions: Harmonic
functions and cohomology; Boundary germs; Polar harmonic
functions; Part III. Cohomology with values in Analytic Boundary
Germs: Highest weight spaces of analytic boundary germs;
Tesselation and cohomology; Boundary germ cohomology and
automorphic forms; Automorphic forms of integral weights
at least 2 and analytic boundary germ cohomology; Part IV.
Miscellaneous: Isomorphisms between parabolic cohomology
groups; Cocycles and singularities; Quantum automorphic forms;
Remarks on the literature; Appendix A. Universal covering group
and representations; Bibliography; Indices.

With more than 200 exercises, the book is an excellent resource for
teaching and learning introductory algebraic geometry.

Memoirs of the American Mathematical Society, Volume 253,
Number 1212

May 2018, 488 pages, Hardcover, ISBN: 978-1-4704-3518-9, LC
2017045552, 2010 Mathematics Subject Classiﬁcation: 14-01, AMS
members US$66.40, List US$83, Order code GSM/188

April 2018, 159 pages, Softcover, ISBN: 978-1-4704-2855-6, 2010
Mathematics Subject Classiﬁcation: 11F67, 11F75; 11F12, 22E40,
Individual member US$46.80, List US$78, Institutional member
US$62.40, Order code MEMO/253/1212
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Contents: A crash course in commutative algebra; Aﬃne
varieties; Projective varieties; Regular and rational maps of
quasi-projective varieties; Products; The blow-up of an ideal; Finite
maps of quasi-projective varieties; Dimension of quasi-projective
algebraic sets; Zariski’s main theorem; Nonsingularity; Sheaves;
Applications to regular and rational maps; Divisors; Diﬀerential
forms and the canonical divisor; Schemes; The degree of a
projective variety; Cohomology; Curves; An introduction to
intersection theory; Surfaces; Ramiﬁcation and étale maps;
Bertini’s theorem and general ﬁbers of maps; Bibliography; Index.
Graduate Studies in Mathematics, Volume 188
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Proceedings of Symposia in

PURE M ATHEMATICS
Volume 97

Algebraic Geometry:
Salt Lake City 2015
Tomasso de Fernex
Brendan Hassett
Mircea Mustaţă
Martin Olsson
Mihnea Popa
Richard Thomas
Editors

Algebraic Geometry:
Salt Lake City 2015
(Parts 1 and 2)
Tommaso de Fernex, University
of Utah, Salt Lake City, UT,
Brendan Hassett, Brown
University, Providence, RI, Mircea
Mustaţă, University of Michigan,
Ann Arbo, MI, Martin Olsson,
University of California, Berkeley,
CA, Mihnea Popa, Northwestern
University, Evanston, IL, and
Richard Thomas, Imperial
College of London, United
Kingdom, Editors

Proceedings of Symposia in

PURE M ATHEMATICS
Volume 97, Part 1

Algebraic Geometry:
Salt Lake City 2015
Tomasso de Fernex
Brendan Hassett
Mircea Mustaţă
Martin Olsson
Mihnea Popa
Richard Thomas
Editors

Algebraic Geometry:
Salt Lake City 2015
Tommaso de Fernex, University
of Utah, Salt Lake City, UT,
Brendan Hassett, Brown
University, Providence, RI, Mircea
Mustaţă, University of Michigan,
Ann Arbor, MI, Martin Olsson,
University of California, Berkeley,
CA, Mihnea Popa, Northwestern
University, Evanston, IL, and
Richard Thomas, Imperial
College of London, United
Kingdom, Editors

This is Part 1 of a two-volume set.

Since Oscar Zariski organized a meeting in 1954, there has been
a major algebraic geometry meeting every decade: Woods Hole
(1964), Arcata (1974), Bowdoin (1985), Santa Cruz (1995), and
Seattle (2005). The American Mathematical Society has supported
these summer institutes for over 50 years. Their proceedings
volumes have been extremely inﬂuential, summarizing the
state of algebraic geometry at the time and pointing to future
developments.

Since Oscar Zariski organized a meeting in 1954, there has been
a major algebraic geometry meeting every decade: Woods Hole
(1964), Arcata (1974), Bowdoin (1985), Santa Cruz (1995), and
Seattle (2005). The American Mathematical Society has supported
these summer institutes for over 50 years. Their proceedings
volumes have been extremely inﬂuential, summarizing the
state of algebraic geometry at the time and pointing to future
developments.

The most recent Summer Institute in Algebraic Geometry was held
July 2015 at the University of Utah in Salt Lake City, sponsored by
the AMS with the collaboration of the Clay Mathematics Institute.
These two volumes include surveys growing out of plenary
lectures and seminar talks during the meeting. Some present a
broad overview of their topics, while others develop a distinctive
perspective on an emerging topic.

The most recent Summer Institute in Algebraic Geometry was held
July 2015 at the University of Utah in Salt Lake City, sponsored by
the AMS with the collaboration of the Clay Mathematics Institute.
This volume includes surveys growing out of plenary lectures and
seminar talks during the meeting. Some present a broad overview
of their topics, while others develop a distinctive perspective on an
emerging topic.

Topics span both complex algebraic geometry and arithmetic
questions, speciﬁcally, analytic techniques, enumerative geometry,
moduli theory, derived categories, birational geometry, tropical
geometry, Diophantine questions, geometric representation
theory, characteristic 𝑝 and 𝑝-adic tools, etc. The resulting articles
will be important references in these areas for years to come.

Topics span both complex algebraic geometry and arithmetic
questions, speciﬁcally, analytic techniques, enumerative geometry,
moduli theory, derived categories, birational geometry, tropical
geometry, Diophantine questions, geometric representation
theory, characteristic 𝑝 and 𝑝-adic tools, etc. The resulting articles
will be important references in these areas for years to come.

Each volume in this set is sold separately. For more information
about each one, see the New Publication entries that follow.

Contents: Part 1: A. Bayer, Wall-crossing implies Brill-Noether
applications of stability conditions on surfaces; R. J. Berman,
Kähler-Einstein metrics, canonical random point processes
and birational geometry; T. Bridgeland, Hall algebras and
Doanldson-Thomas invariants; S. Cantat, The Cremona group;
A.-M. Castravet, Mori dream spaces and blow-ups; T. de
Fernex, The space of arcs of an algebraic variety; S. Donaldson,
Stability of algebraic varieties and Kähler geometry; L. Ein and
R. Lazarsfeld, Syzygies of projective varieties of large degree:
Recent progress and open problems; E. González, P. Solis, and
C. T. Woodward, Stable gauged maps; D. Greb, S. Kebekus,
and B. Taji, Uniformisation of higher-dimensional minimal
varieties; H. D. Hacon, J. McKernan, and C. Xu, Boundedness of
varieties of log general type; D. Halpern-Leistner, Θ-stratiﬁcations,
Θ-reductive stacks, and applications; A. Höring and T. Peternell,
Bimeromorphic geometry of Kähler threefolds; S. J. Kovács,
Moduli of stable log-varieties–An update; A. Okounkov,
Enumerative geometry and geometric representation theory;
R. Pandharipande, A calculus for the moduli space of curves;
Z. Patakfalvi, Frobenius techniques in birational geometry;
M. Păun, Singualar Hermitian metrics and positivity of direct
images of pluricanonical bundles; M. Popa, Positivity for Hodge
modules and geometric applications; R. P. Thomas, Notes

Proceedings of Symposia in Pure Mathematics, Volume 97
Set: May 2018, approximately 1297 pages, Hardcover, ISBN:
978-1-4704-4667-3, LC 2017033372, 2010 Mathematics Subject
Classiﬁcation: 14E07, 14E18, 14E30, 14F05, 14F10, 14F30, 14F35,
14J33, 14N35, 53C55, AMS members US$199.20, List US$249,
Order code PSPUM/97
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on homological projective duality; Y. Toda, Non-commutative
deformations and Donaldson-Thomas invariants; V. Tosatti,
Nakamaye’s theorem on complex manifolds.
Proceedings of Symposia in Pure Mathematics, Volume 97
May 2018, approximately 656 pages, Hardcover, ISBN: 978-1-47043577-6, LC 2017033372, 2010 Mathematics Subject Classiﬁcation:
14E07, 14E18, 14E30, 14F05, 14F10, 14F30, 14F35, 14J33, 14N35,
53C55, AMS members US$106.40, List US$133, Order code
PSPUM/97.1

Proceedings of Symposia in

PURE M ATHEMATICS
Volume 97, Part 2

Algebraic Geometry:
Salt Lake City 2015
Tomasso de Fernex
Brendan Hassett
Mircea Mustaţă
Martin Olsson
Mihnea Popa
Richard Thomas
Editors

Algebraic Geometry:
Salt Lake City 2015
Tomasso de Fernex, University
of Utah, Salt Lake City, UT,
Brendan Hassett, Brown
University, Providence, RI, Mircea
Mustaţă, University of Michigan,
Ann Arbor, MI, Martin Olsson,
University of California, Berkeley,
CA, Mihnea Popa, Northwestern
University, Evanston, IL, and
Richard Thomas, Imperial
College of London, United
Kingdom, Editors

Diophantine and tropical geometry, and uniformity of rational
points on curves; K. S. Kedlaya and J. Pottharst, On categories of
(𝜑, Γ)-modules; M. Kim, Principal bundles and reciprocity laws in
number theory; B. Klingler, E. Ullmo, and A. Yafaev, Bi-algebraic
geometry and the André-Ooert conjecture; M. Lieblich, Moduli of
sheaves: A modern primer; J. Nicaise, Geometric invariants for
non-archimedean semialgebraic sets; T. Pantev and G. Vezzosi,
Symplectic and Poisson derived geometry and deformation
quantization; A. Pirutka, Varieties that are not stably rational,
zero-cycles and unramiﬁed cohomology; T. Saito, On the proper
push-forward of the characteristic cycle of a constructible sheaf;
T. Szamuely and G. Zábrádi, The 𝑝-adic Hodge decomposition
according to Beilinson; A. Tamagawa, Specialization of
ℓ-adic representations of arithmetic fundamental groups and
applications to arithmetic of abelian varieties; O. Wittenberg,
Rational points and zero-cycles on rationally connected varieties
over number ﬁelds.
Proceedings of Symposia in Pure Mathematics, Volume 97
May 2018, approximately 641 pages, Hardcover, ISBN: 978-1-47043578-3, LC 2017033372, 2010 Mathematics Subject Classiﬁcation:
14E07, 14E18, 14E30, 14F05, 14F10, 14F30, 14F35, 14J33, 14N35,
53C55, AMS members US$106.40, List US$133, Order code
PSPUM/97.2

On Non-Generic
Finite Subgroups of
Exceptional Algebraic
Groups

This is Part 2 of a two-volume set.
Since Oscar Zariski organized a meeting in 1954, there has been
a major algebraic geometry meeting every decade: Woods Hole
(1964), Arcata (1974), Bowdoin (1985), Santa Cruz (1995), and
Seattle (2005). The American Mathematical Society has supported
these summer institutes for over 50 years. Their proceedings
volumes have been extremely inﬂuential, summarizing the
state of algebraic geometry at the time and pointing to future
developments.
The most recent Summer Institute in Algebraic Geometry was held
July 2015 at the University of Utah in Salt Lake City, sponsored by
the AMS with the collaboration of the Clay Mathematics Institute.
This volume includes surveys growing out of plenary lectures and
seminar talks during the meeting. Some present a broad overview
of their topics, while others develop a distinctive perspective on an
emerging topic.
Topics span both complex algebraic geometry and arithmetic
questions, speciﬁcally, analytic techniques, enumerative geometry,
moduli theory, derived categories, birational geometry, tropical
geometry, Diophantine questions, geometric representation
theory, characteristic 𝑝 and 𝑝-adic tools, etc. The resulting articles
will be important references in these areas for years to come.

Alastair J. Litterick, University
of Auckland, New Zealand

Contents: Introduction and results; Background; Calculating
and utilising feasible characters; Normaliser stability; Complete
reducibility; Tables of feasible characters; Appendix A. Auxiliary
data; Bibliography.
Memoirs of the American Mathematical Society, Volume 253,
Number 1207
April 2018, 156 pages, Softcover, ISBN: 978-1-4704-2837-2,
2010 Mathematics Subject Classiﬁcation: 20G15, 20E07, Individual
member US$46.80, List US$78, Institutional member US$62.40,
Order code MEMO/253/1207

Contents: Part 2: D. Ben-Zvi and D. Nadler, Betti geometric
Langlands; B. Bhatt, Specializing varieties and their cohomology
from characteristic 0 to characteristic 𝑝; T. D. Browning, How
often does the Hasse principle hold?; L. Caporaso, Tropical
methods in the moduli theory of algebraic curves; R. Cavalieri,
P. Johnson, H. Markwig, and D. Ranganathan, A graphical
interface for the Gromov-witten theory of curves; H. Esnault, Some
fundamental groups in arithmetic geometry; L. Fargues, From
local class ﬁeld to the curve and vice versa; M. Gross and B. Siebert,
Intrinsic mirror symmetry and punctured Gromov-Witten
invariants; E. Katz, J. Rabinoﬀ, and D. Zureick-Brown,
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Mathematical
Surveys
and
Monographs
Volume 230

Applying the Classification
of Finite Simple Groups

Globally Generated
Vector Bundles with
Small 𝑐1 on Projective
Spaces

Applying the
Classiﬁcation of Finite
Simple Groups

A User’s Guide

A User’s Guide
Stephen D. Smith

Cristian Anghel, The Simion
Stoilow Institute of Mathematics
of the Romanian Academy,
Bucharest, Romania, Iustin
Coanda, The Simion Stoilow
Institute of Mathematics of
the Romanian Academy,
Bucharest, Romania, and Nicolae
Manolache, The Simion Stoilow
Institute of Mathematics of the
Romanian Academy, Bucharest,
Romania

Stephen D. Smith, University of
Illinois at Chicago, IL

Classiﬁcation of Finite Simple Groups
(CFSG) is a major project involving work
by hundreds of researchers. The work
was largely completed by about 1983, although ﬁnal publication
of the “quasithin” part was delayed until 2004. Since the 1980s,
CFSG has had a huge inﬂuence on work in ﬁnite group theory and
in many adjacent ﬁelds of mathematics. This book attempts to
survey and sample a number of such topics from the very large and
increasingly active research area of applications of CFSG.
The book is based on the author’s lectures at the September 2015
Venice Summer School on Finite Groups. With about 50 exercises
from original lectures, it can serve as a second-year graduate
course for students who have had ﬁrst-year graduate algebra. It
may be of particular interest to students looking for a dissertation
topic around group theory. It can also be useful as an introduction
and basic reference; in addition, it indicates fuller citations to
the appropriate literature for readers who wish to go on to more
detailed sources.
Contents: Background: Simple groups and their properties;
Outline of the proof of the CFSG: Some main ideas; Thompson
factorization—and its failure: FF-methods; Recognition theorms
for simple groups; Representation theory of simple groups;
Maximal subgroups and primitive representations; Geometries
for simple groups; Some fusion techniques for classiﬁcation
problems; Some applications close to ﬁnite group theory; Some
applications farther aﬁeld from ﬁnite groups; Appendix A: Some
supplementary notes to the text; Appendix B: Further remarks on
certain exercises; Bibliography; Index.

Contents: Introduction; Acknowledgements; Preliminaries; Some
general results; The cases 𝑐1 = 4 and 𝑐1 = 5 on ℙ2 ; The case 𝑐1 = 4,
𝑐2 = 5, 6 on ℙ3 ; The case 𝑐1 = 4, 𝑐2 = 7 on ℙ3 ; The case 𝑐1 = 4,
𝑐2 = 8 on ℙ3 ; The case 𝑐1 = 4, 5 ≤ 𝑐2 ≤ 8 on ℙ𝑛 , 𝑛 ≥ 4; Appendix A.
The case 𝑐1 = 4, 𝑐2 = 8, 𝑐3 = 2 on ℙ3 ; Appendix B. The case 𝑐1 = 4,
𝑐2 = 8, 𝑐3 = 4 on ℙ3 ; Bibliography.
Memoirs of the American Mathematical Society, Volume 253,
Number 1209
April 2018, 101 pages, Softcover, ISBN: 978-1-4704-2838-9, 2010
Mathematics Subject Classiﬁcation: 14J60; 14H50, 14N25, Individual member US$46.80, List US$78, Institutional member US$62.40,
Order code MEMO/253/1209

Analysis

Mathematical Surveys and Monographs, Volume 230
May 2018, 231 pages, Hardcover, ISBN: 978-1-4704-4291-0,
LC 2017044767, 2010 Mathematics Subject Classiﬁcation: 20-02,
20D05, 20Bxx, 20Cxx, 20Exx, 20Gxx, 20Jxx, AMS members
US$97.60, List US$122, Order code SURV/230

Advances in
Ultrametric Analysis
Alain Escassut, Université
Clermont Auvergne, Aubiere,
France, Cristina Perez-Garcia,
Universidad de Cantabria,
Santander, Spain, and Khodr
Shamseddine, University of
Manitoba, Winnipeg, Canada,
Editors
This book contains the proceedings of the 14th International
Conference on 𝑝-adic Functional Analysis, held from June 30–July
5, 2016, at the Université d’Auvergne, Aurillac, France.
Articles included in this book feature recent developments
in various areas of non-Archimedean analysis: summation of
𝑝-adic series, rational maps on the projective line over ℚ𝑝,
non-Archimedean Hahn-Banach theorems, ultrametric Calkin
algebras, 𝐺-modules with a convex base, non-compact Trace class
operators and Schatten-class operators in 𝑝-adic Hilbert spaces,
algebras of strictly diﬀerentiable functions, inverse function
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theorem and mean value theorem in Levi-Civita ﬁelds, ultrametric
spectra of commutative non-unital Banach rings, classes of
non-Archimedean Köthe spaces, 𝑝-adic Nevanlinna theory
and applications, and sub-coordinate representation of 𝑝-adic
functions. Moreover, a paper on the history of 𝑝-adic analysis with
a comparative summary of non-Archimedean ﬁelds is presented.

for elliptic systems on the upper half-space with coeﬃcients
independent of the transversal variable and with boundary data in
fractional Hardy–Sobolev and Besov spaces. The authors use the
so-called “ﬁrst order approach” which uses minimal assumptions
on the coeﬃcients and thus allows for complex coeﬃcients and for
systems of equations.

Through a combination of new research articles and a survey
paper, this book provides the reader with an overview of current
developments and techniques in non-Archimedean analysis as
well as a broad knowledge of some of the sub-areas of this exciting
and fast-developing research area.

This self-contained exposition of the ﬁrst order approach oﬀers
new results with detailed proofs in a clear and accessible way
and will become a valuable reference for graduate students and
researchers working in partial diﬀerential equations and harmonic
analysis.

This item will also be of interest to those working in number
theory.

Titles in this series are co-published with the Centre de Recherches
Mathématiques.

Contents: A. Barría Comicheo and K. Shamseddine, Summary on
non-Archimedean valued ﬁelds; S. Basu, Non-compact Trace class
operators and Schatten-class operators in 𝑝-adic Hilbert spaces;
G. Bookatz and K. Shamseddine, Calculus on a non-Archimedean
ﬁeld extension of the real numbers: Inverse function theorem,
intermediate value theorem and mean value theorem; K. Boussaf
and A. Escassut, 𝑝-adic meromorphic functions 𝑓′ 𝑃′ (𝑓), 𝑔′ 𝑃′ (𝑔)
sharing a small function, ignoring multiplicity; C.-W. Leung
and C.-K. Ng, Spectra of commutative non-unital Banach
rings; B. Diarra, Ultrametric Calkin algebras; B. Dragovich, On
summation of 𝑝-adic series; A. Escassut and N. Maïnetti, Spectrum
of ultrametric Banach algebras of strictly diﬀerentiable functions;
A. Escassut and T. T. H. An, Classical 𝑝-adic Nevanlinna theory
and Nevanlinna theory out of a hole; A. Kubzdela, The distance
preserving mappings and isometrics deﬁned on non-Archimedean
Banach spaces; S. Fan and L. Liao, Rational map 𝑎𝑥 + 1/𝑥 on
the projective line over ℚ𝑝 ; M. González and C. Perez-Garcia,
Non-Archimedean Hahn-Banach theorems and injective Banach
spaces; H. Ochsenius and E. Olivos, 𝐺-modules with a convex
base; Y. Perrin, A journey throughout the history of 𝑝-adic
numbers; W. Śliwa and A. Ziemkowska, On some classes of
non-Archimedean Köthe spaces; E. Yurova Axelsson, On the
sub-coordinate representation of 𝑝-adic functions.

Contents: Introduction; Function space preliminaries; Operator
theoretic preliminaries; Adapted Besov–Hardy–Sobolev spaces;
Spaces adapted to perturbed Dirac operators; Classiﬁcation of
solutions to Cauchy–Riemann systems and elliptic equations;
Applications to boundary value problems; Bibliography; Index.

Contemporary Mathematics, Volume 704
April 2018, 290 pages, Softcover, ISBN: 978-1-4704-3491-5,
LC 2017042943, 2010 Mathematics Subject Classiﬁcation: 06F99,
11S82, 12J10, 12J25, 30D35, 37P05, 40A30, 46A35, 46S10, 47A53,
AMS members US$93.60, List US$117, Order code CONM/704

C CRM
R MONOGRAPH
M

SERIES

Centre de Recherches Mathématiques
Montréal

Elliptic Boundary
Value Problems
with Fractional
Regularity Data
The First Order Approach
Alex Amenta
Pascal Auscher

May 2018, 152 pages, Hardcover, ISBN: 978-1-4704-4250-7,
LC 2017044798, 2010 Mathematics Subject Classiﬁcation: 35J25,
42B35, 47A60, AMS members US$92, List US$115, Order code
CRMM/37

Elliptic PDEs on
Compact Ricci
Limit Spaces and
Applications
Shouhei Honda, Kyushu
University, Fukuoka, Japan, and
Tohoku University, Sendai, Japan
Contents: Introduction; Preliminaries;
𝐿𝑝 -convergence revisited; Poisson’s
equations; Schrödinger operators and generalized Yamabe
constants; Rellich type compactness for tensor ﬁelds; Diﬀerential
forms; Bibliography.
Memoirs of the American Mathematical Society, Volume 253,
Number 1211

Diﬀerential Equations
Volume 37

CRM Monograph Series, Volume 37

Elliptic Boundary
Value Problems with
Fractional Regularity
Data

April 2018, 88 pages, Softcover, ISBN: 978-1-4704-2854-9, 2010
Mathematics Subject Classiﬁcation: 53C20, Individual member
US$46.80, List US$78, Institutional member US$62.40, Order
code MEMO/253/1211

The First Order Approach
Alex Amenta, Delft University
of Technology, The Netherlands,
and Pascal Auscher, Université
Paris-Sud, Orsay, France

In this monograph the authors study the well-posedness of
boundary value problems of Dirichlet and Neumann type
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Geometry and Topology

Neckpinch Dynamics
for Asymmetric
Surfaces Evolving by
Mean Curvature Flow

Higher Genus Curves
in Mathematical
Physics and
Arithmetic Geometry
Andreas Malmendier, Utah State
University, Logan, UT, and Tony
Shaska, Oakland University,
Rochester, MI, Editors
This volume contains the proceedings of the AMS Special Session
on Higher Genus Curves and Fibrations in Mathematical Physics
and Arithmetic Geometry, held on January 8, 2016, in Seattle,
Washington.
Algebraic curves and their ﬁbrations have played a major role
in both mathematical physics and arithmetic geometry. This
volume focuses on the role of higher genus curves; in particular,
hyperelliptic and superelliptic curves in algebraic geometry and
mathematical physics.
The articles in this volume investigate the automorphism groups
of curves and superelliptic curves and results regarding integral
points on curves and their applications in mirror symmetry.
Moreover, geometric subjects are addressed, such as elliptic 𝐾3
surfaces over the rationals, the birational type of Hurwitz spaces,
and links between projective geometry and abelian functions.
This item will also be of interest to those working in algebra and
algebraic geometry and mathematical physics.
Contents: J. Russell and A. Wootton, A lower bound for the
number of ﬁnitely maximal 𝐶𝑝 -actions on a compact oriented
surface; S. A. Broughton, Galois action on regular dessins d’enfant
with simple group action; D. Swinarski, Equations of Riemann
surfaces with automorphisms; R. Hidalgo and T. Shaska, On
the ﬁeld of moduli of superelliptic curves; L. Beshaj, Minimal
integral Weierstrass equations for genus 2 curves; L. Beshaj,
R. Hidalgo, S. Kruk, A. Malmendier, S. Quispe, and T. Shaska,
Rational points in the moduli space of genus two; C. Magyar
and U. Whitcher, Strong arithmetic mirror symmetry and toric
isogenies; A. Kumar and M. Kuwata, Inose’s construction and
elliptic 𝐾3 surfaces with Mordell-Weil rank 15 revisited; C. M. Shor,
Higher-order Weierstrass weights of branch points on superelliptic
curves; E. Previato, Poncelet’s porism and projective ﬁbrations;
A. Levin, Extending Runge’s method for integral points; D. Joyner
and T. Shaska, Self-inversive polynomials, curves, and codes;
A. Deopurkar and A. Patel, Syzygy divisors on Hurwitz spaces.
Contemporary Mathematics, Volume 703
April 2018, 232 pages, Softcover, ISBN: 978-1-4704-2856-3, LC
2017042709, 2010 Mathematics Subject Classiﬁcation: 11G30,
11G50, 11G42, 14J27, 14J28, 14H40, 14H45, 14H52, 14H55,
AMS members US$93.60, List US$117, Order code CONM/703

April 2018

Gang Zhou, California Institute
of Technology, Pasadena,
California, Dan Knopf, University
of Texas at Austin, Texas, and
Israel Michael Sigal, University
of Toronto, Ontario, Canada
Contents: Introduction; The ﬁrst bootstrap machine; Estimates
of ﬁrst-order derivatives; Decay estimates in the inner region;
Estimates in the outer region; The second bootstrap machine;
Evolution equations for the decomposition; Estimates to control
the parameters 𝑎 and 𝑏; Estimates to control the ﬂuctuation 𝜙;
Proof of the Main Theorem; Appendix A. Mean curvature ﬂow of
normal graphs; Appendix B. Interpolation estimates; Appendix
C. A parabolic maximum principle for noncompact domains;
Appendix D. Estimates of higher-order derivatives; Bibliography.
Memoirs of the American Mathematical Society, Volume 253,
Number 1210
April 2018, 78 pages, Softcover, ISBN: 978-1-4704-2840-2,
2010 Mathematics Subject Classiﬁcation: 53C44, 35K93, Individual member US$46.80, List US$78, Institutional member US$62.40,
Order code MEMO/253/1210

Logic and Foundations
Degree Spectra of
Relations on a Cone
Matthew Harrison-Trainor,
University of California, Berkeley,
California

Contents: Introduction; Preliminaries; Degree spectra between the
C.E. degrees and the D.C.E. degrees; Degree spectra of relations
on the naturals; A “fullness” theorem for 2-CEA degrees; Further
questions; Appendix A. relativizing Harizanov’s theorem on C.E.
degrees; Bibliography; Index of notation and terminology.
Memoirs of the American Mathematical Society, Volume 253,
Number 1208
April 2018, 107 pages, Softcover, ISBN: 978-1-4704-2839-6,
2010 Mathematics Subject Classiﬁcation: 03D45, 03C57, Individual member US$46.80, List US$78, Institutional member US$62.40,
Order code MEMO/253/1208
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Mathematical Physics

MAA Textbooks, Volume 39

Mathematical Study of
Degenerate Boundary
Layers: A Large Scale
Ocean Circulation
Problem
Anne-Laure Dalibard, Université
Pierre et Marie Curie, Paris,
France, and Laure SaintRaymond, École Normale
Supérieure, Paris, France
This item will also be of interest to those working in diﬀerential
equations.
Contents: Introduction; Multiscale analysis; Construction of the
approximate solution; Proof of convergence; Discussion: Physical
relevance of the model; Appendix; Bibliography.
Memoirs of the American Mathematical Society, Volume 253,
Number 1206
April 2018, 111 pages, Softcover, ISBN: 978-1-4704-2835-8, 2010
Mathematics Subject Classiﬁcation: 35J58, 35B25, 35B40, 35Q86,
Individual member US$46.80, List US$78, Institutional member
US$62.40, Order code MEMO/253/1206

Number Theory
An Open Door to
Number Theory
Duﬀ Campbell, Hendrix College,
Conway, AR
A well-written, inviting textbook designed
for a one-semester, junior-level course in
elementary number theory. The intended
audience will have had exposure to proof
writing, but not necessarily to abstract
algebra. That audience will be well
prepared by this text for a second-semester course focusing on
algebraic number theory. The approach throughout is geometric
and intuitive; there are over 400 carefully designed exercises,
which include a balance of calculations, conjectures, and proofs.
There are also nine substantial student projects on topics not
usually covered in a ﬁrst-semester course, including Bernoulli
numbers and polynomials, geometric approaches to number
theory, the 𝑝-adic numbers, quadratic extensions of the integers,
and arithmetic generating functions.

June 2018, approximately 290 pages, Hardcover, ISBN: 978-1-47044348-1, LC 2017055802, 2010 Mathematics Subject Classiﬁcation:
11-01, 11A05, 11A07, 11A15, 11A41, 11A51, 11A55, Individual
member US$45, List US$60, Institutional member US$48, Order
code TEXT/39

An Experimental
Introduction to
Number Theory
Benjamin Hutz, Saint Louis
University, MO
This book presents material suitable for
an undergraduate course in elementary
number theory from a computational
perspective. It seeks to not only introduce
students to the standard topics in elementary number theory,
such as prime factorization and modular arithmetic, but also to
develop their ability to formulate and test precise conjectures
from experimental data. Each topic is motivated by a question to
be answered, followed by some experimental data, and, ﬁnally,
the statement and proof of a theorem. There are numerous
opportunities throughout the chapters and exercises for the
students to engage in (guided) open-ended exploration. At the end
of a course using this book, the students will understand how
mathematics is developed from asking questions to gathering data
to formulating and proving theorems.
The mathematical prerequisites for this book are few. Early
chapters contain topics such as integer divisibility, modular
arithmetic, and applications to cryptography, while later
chapters contain more specialized topics, such as Diophantine
approximation, number theory of dynamical systems, and number
theory with polynomials. Students of all levels will be drawn in
by the patterns and relationships of number theory uncovered
through data driven exploration.
Contents: Introduction; Integers; Modular arithmetic; Quadratic
reciprocity and primtive roots; Secrets; Arithmetic functions;
Algebraic numbers; Rational and irrational numbers; Diophantine
equations; Elliptic curves; Dynamical systems; Polynomials;
Bibliography; List of algorithms; List of notations; Index.
Pure and Applied Undergraduate Texts, Volume 31
April 2018, 376 pages, Hardcover, ISBN: 978-1-4704-3097-9,
LC 2017036105, 2010 Mathematics Subject Classiﬁcation: 11-01,
11Axx, 11Dxx, 11G05, 11K60, 11T06, 37P05, AMS members
US$63.20, List US$79, Order code AMSTEXT/31

Contents: The integers, ℤ; Modular arithmetic in ℤ/𝑚ℤ; Quadratic
extensions of the integers, ℤ[√𝑑]; An interlude of analytic number
theory; Quadratic residues; Further topics; Appendix A: Tables;
Appendix B: Projects; Bibliography; Index.
MAA Press: An imprint of the American Mathematical Society.
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Algebraic Varieties
and Automorphism
Groups

New AMS-Distributed
Publications

Kayo Masuda, Kwansei Gakuin
University, Takashi Kishimoto,
Saitama University, Hideo
Kojima, Niigata University,
Masayoshi Miyanishi, Kwansei
Gakuin University, and Mikhail
Zaidenberg, Université Grenoble
Alpes, Editors

Algebra and Algebraic
Geometry
Schubert Varieties,
Equivariant
Cohomology and
Characteristic Classes
IMPANGA 15
Jarosław Buczyński, Polish
Academy of Sciences , Warsaw,
Poland, and University of
Warsaw, Poland, Mateusz
Michałek, Polish Academy of
Sciences, Warsaw, Poland, and
Max Planck Institute, Leipzig,
Germany, and Elisa Postinghel,
Loughborough University, United
Kingdom, Editors
This volume is a collection of contributions by the participants of
the conference IMPANGA 15, organized by participants of the
seminar, as well as notes from the major lecture series of the
seminar in the period 2010–2015. Both original research papers
and self-contained expository surveys can be found here. The
articles circulate around a broad range of topics within algebraic
geometry such as vector bundles, Schubert varieties, degeneracy
loci, homogeneous spaces, equivariant cohomology, Thom
polynomials, characteristic classes, symmetric functions and
polynomials, and algebraic geometry in positive characteristic.
This item will also be of interest to those working in analysis.
A publication of the European Mathematical Society (EMS).
Distributed within the Americas by the American Mathematical
Society.
EMS Series of Congress Reports, Volume 13
February 2018, 354 pages, Hardcover, ISBN: 978-3-03719-1828, 2010 Mathematics Subject Classiﬁcation: 14-06; 32L10, 14M15,
55N91, 14C17, 14G17, AMS members US$78.40, List US$98, Order
code EMSSCR/13

This volume contains the proceedings of the workshop on
Algebraic Varieties and Automorphism Groups, which was held
at RIMS, Kyoto University from July 7–11, 2014. The volume
consists of ﬁfteen original research articles by specialists in fast
eveloping areas of algebraic geometry including various aspects of
algebraic varieties (singularities, toric surfaces, weak positivity of
log canonical pairs, Fano threefolds with cylinders, etc.), algebraic
group actions on algebraic varieties (actions of additive group,
unipotent group, semi-abelian variety, etc.), automorphism groups
of aﬃne varieties and Cremona groups.
Published for the Mathematical Society of Japan by Kinokuniya,
Tokyo, and distributed worldwide, except in Japan, by the AMS.
Advanced Studies in Pure Mathematics, Volume 75
December 2017, 474 pages, Hardcover, ISBN: 978-4-86497-0488, 2010 Mathematics Subject Classiﬁcation: 14-06; 14R20, 14R10,
14E07, 14J26, 05E18, 14E05, 14E30, 14J10, 14J45, AMS members
US$64, List US$80, Order code ASPM/75

Math Education
Funville Adventures
A. O. Fradkin, Main Line
Classical Academy, Bryn Mawr,
PA, and A. B. Bishop, Columbia
University, New York, NY
Funville is a math-inspired fantasy
adventure by Sasha Fradkin and Allison
Bishop, where functions come to life as
magical beings. After 9-year-old Emmy
and her 5-year-old brother Leo go down
an abandoned dilapidated slide, they are magically transported
into Funville: a land inhabited by ordinary looking beings, each
with a unique power to transform objects.
This item will also be of interest to those working in general
interest.
A publication of Delta Stream Media, an imprint of Natural Math.
Distributed in North America by the American Mathematical
Society.
Natural Math Series, Volume 7
December 2017, 123 pages, Softcover, ISBN: 978-1-945899-02-7,
AMS members US$19.20, List US$24, Order code NMATH/7
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Number Theory
Foundations of Rigid
Geometry I
Kazuhiro Fujiwara, Nagoya
University, Japan, and Fumiharu
Kato, Tokyo Institute of
Technology, Japan
In this research monograph, foundational
aspects of rigid geometry are discussed,
with an emphasis on birational and
topological features of rigid spaces.
Besides the rigid geometry itself, topics include the general theory
of formal schemes and formal algebraic spaces, based on a theory
of complete rings which are not necessarily Noetherian. Also
included is a discussion of the relationship with Tate’s original
rigid analytic geometry, V. G. Berkovich’s analytic geometry, and R.
Huber’s adic spaces. As a model example of applications, a proof
of Nagata’s compactiﬁcation theorem for schemes is given in the
appendix. The book is encyclopedic and almost self contained.
This item will also be of interest to those working in algebra and
algebraic geometry.
A publication of the European Mathematical Society (EMS).
Distributed within the Americas by the American Mathematical
Society.
EMS Monographs in Mathematics, Volume 7

Advertise in the

February 2018, 863 pages, Hardcover, ISBN: 978-3-03719-135-4,
2010 Mathematics Subject Classiﬁcation: 11G99; 06E99, 13F30,
13J07, 14A15, 14A20, AMS members US$95.20, List US$119,
Order code EMSMONO/7

Notices
of the American Mathematical Society

Connect with an audience of approximately 30,000 subscribers through Classified and Display Advertising in
the Notices of the American Mathematical Society, available in print and online.
As the world’s most widely read magazine aimed at
professional mathematicians, the Notices is an excellent
medium for announcing publications, products, and
services, and for recruiting mathematical scientists in
academic, industry, and government.

Learn more about advertising in the Notices at
www.ams.org/noticesadvertising.
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Classified Advertisements
Positions available, items for sale, services available, and more

CHINA
Tianjin University, China
Tenured/Tenure-Track/Postdoctoral Positions
at the Center for Applied Mathematics
Dozens of positions at all levels are available at the recently
founded Center for Applied Mathematics, Tianjin University,
China. We welcome applicants with backgrounds in pure mathematics, applied mathematics, statistics, computer science, bioinformatics, and other related fields. We also welcome applicants
who are interested in practical projects with industries. Despite
its name attached with an accent of applied mathematics, we also
aim to create a strong presence of pure mathematics. Chinese
citizenship is not required.
Light or no teaching load, adequate facilities, spacious office
environment and strong research support. We are prepared to
make quick and competitive offers to self-motivated hard workers, and to potential stars, rising stars, as well as shining stars.
The Center for Applied Mathematics, also known as the Tianjin
Center for Applied Mathematics (TCAM), located by a lake in the

central campus in a building protected as historical architecture,
is jointly sponsored by the Tianjin municipal government and
the university. The initiative to establish this center was taken by
Professor S. S. Chern. Professor Molin Ge is the Honorary Director, Professor Zhiming Ma is the Director of the Advisory Board.
Professor William Y. C. Chen serves as the Director.
TCAM plans to fill in fifty or more permanent faculty positions
in the next few years. In addition, there are a number of temporary
and visiting positions. We look forward to receiving your application or inquiry at any time. There are no deadlines.
Please send your resume to mathjobs@tju.edu.cn. For more
information, please visit cam.tju.edu.cn or contact Ms. Erica Liu
at mathjobs@tju.edu.cn, telephone: 86-22-2740-6039.
001

Suggested uses for classified advertising are positions available, books or lecture notes for sale, books being sought, exchange or rental of houses,
and typing services. The publisher reserves the right to reject any advertising not in keeping with the publication's standards. Acceptance shall not be
construed as approval of the accuracy or the legality of any advertising.
The 2018 rate is $3.50 per word with a minimum two-line headline. No discounts for multiple ads or the same ad in consecutive issues. For an additional
$10 charge, announcements can be placed anonymously. Correspondence will be forwarded.
Advertisements in the “Positions Available” classified section will be set with a minimum one-line headline, consisting of the institution name above
body copy, unless additional headline copy is specified by the advertiser. Headlines will be centered in boldface at no extra charge. Ads will appear in the
language in which they are submitted.
There are no member discounts for classified ads. Dictation over the telephone will not be accepted for classified ads.
Upcoming deadlines for classified advertising are as follows: June/July 2018—April 27, 2018; August 2018—June 6, 2018; September 2018—June 28,
2018; October 2018—July 27, 2018; November 2018—August 29, 2018; December 2018—September 21, 2018.
US laws prohibit discrimination in employment on the basis of color, age, sex, race, religion, or national origin. “Positions Available” advertisements
from institutions outside the US cannot be published unless they are accompanied by a statement that the institution does not discriminate on these
grounds whether or not it is subject to US laws. Details and specific wording may be found on page 1373 (vol. 44).
Situations wanted advertisements from involuntarily unemployed mathematicians are accepted under certain conditions for free publication. Call
toll-free 800-321-4AMS (321-4267) in the US and Canada or 401-455-4084 worldwide for further information.
Submission: Promotions Department, AMS, P.O. Box 6248, Providence, Rhode Island 02904; or via fax: 401-331-3842; or send email to classads@ams.org.
AMS location for express delivery packages is 201 Charles Street, Providence, Rhode Island 02904. Advertisers will be billed upon publication.
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MISCELLANEOUS
A Solution to the 3x + 1 Problem
I remain cautiously optimistic that I have solved this very difficult
number theory problem. One reason for this optimism is the fact
that, in the two years that the (first) solution has been in my online
paper, “A Solution to the 3x + 1 Problem”, on occampress.com, I
have received not one claim of an error, even though there have
been more than 10,000 visits to the paper. It is reasonable to assume that at least 500 of these were by academic mathematicians,
since that is the total increase in the average number of monthly
visits that followed the appearance of ads like this in the Notices.
Early in 2017 I discovered a second solution. (A solution to
the Problem is a proof of the 3x + 1 Conjecture.) Remarkably, a
detailed outline of this solution occupies only a little over one
page. I recommend that interested persons start with this solution. It is in Appendix F of the paper. I ask the reader to stop at
the first sentence he or she believes contains an error, and inform
me of that error.
Because I am not a professional mathematician (my degree
is in computer science, and for most of my career I have been
a researcher in the computer industry), I am eager to find a
mathematician to act as a consultant in the preparation of the
paper for publication. I am willing to offer co-authorship to this
mathematician if, in addition, he or she makes a contribution to
the content of the paper, and is willing to state in writing to a
journal editor that he or she believes that the paper contains a
correct solution.
But I welcome comments from any reader. I guarantee complete
confidentiality in all communications.
Peter Schorer, peteschorer@gmail.com

FEATURED TITLES FROM

Basic Ergodic Theory
Third Edition

M. G. Nadkarni, University of Mumbai,
India
This introductory text on ergodic theory is
presented at a slow pace and can be read
by anyone with a background in basic
measure theory and metric topology. The
third edition has, among other improvements, a new chapter on additional topics that include Liouville’s theorem of
classical mechanics, the basics of Shannon Entropy and the
Kolmogorov-Sinai theorem, and van der Waerden’s theorem
on arithmetical progressions.
Hindustan Book Agency; 2013; 196 pages; Hardcover; ISBN:
978-93-80250-43-4; List US$48; AMS members US$38.40; Order
code HIN/58

Coding Theorems of
Classical and Quantum
Information Theory

009

Second Edition

K. R. Parthasarathy, Indian Statistical
Institute, New Delhi,India
This book aims to convey three principal
developments in the evolution of modern information theory: Shannon’s initiation of a revolution in 1948 by his interpretation of the Boltzmann entropy as a measure of information yielded by an elementary statistical experiment and
basic coding theorems on storage and optimal transmission
of messages through noisy communication channels; the
influence of ergodic theory in the enlargement of the scope
of Shannon’s theorems through the works of McMillan,
Feinstein, Wolfowitz, Breiman, and others, and its impact
on the appearance of the Kolmogorov-Sinai invariant for
elementary dynamical systems; and finally, the more recent
work of Schumacher, Holevo, Winter, and others on the role
of von Neumann entropy in the quantum avatar of the basic
coding theorems when messages are encoded as quantum
states, transmitted through noisy quantum channels and
retrieved by generalized measurements.
Hindustan Book Agency; 2013; 186 pages; Hardcover; ISBN:
978-93-80250-41-0; List US$48; AMS members US$38.40; Order
code HIN/59

VIEW MORE TITLES AT
BOOKSTORE.AMS.ORG/HIN
Publications of Hindustan Book Agency
are distributed within the Americas by the
American Mathematical Society.
Maximum discount of 20%
for commercial channels.

492

Notices

of the

AMS	

Volume 65, Number 4

The high-quality mathematics titles and textbooks of the MAA Press
are now published as an imprint of the AMS Book Program.

Learn more at

bookstore.ams.org

MEETINGS & CONFERENCES OF THE AMS
APRIL TABLE OF CONTENTS
The Meetings and Conferences section of
the Notices gives information on all AMS
meetings and conferences approved by
press time for this issue. Please refer to
the page numbers cited on this page for
more detailed information on each event.
Invited Speakers and Special Sessions are
listed as soon as they are approved by the
cognizant program committee; the codes
listed are needed for electronic abstract
submission. For some meetings the list
may be incomplete. Information in this
issue may be dated.

The most up-to-date meeting and conference information can be found online at:
www.ams.org/meetings/.
Important Information About AMS
Meetings: Potential organizers,
speakers, and hosts should refer to
page 88 in the January 2018 issue of the
Notices for general information regarding participation in AMS meetings and
conferences.
Abstracts: Speakers should submit abstracts on the easy-to-use interactive
Web form. No knowledge of LATEX is

necessary to submit an electronic form,
although those who use LATEX may submit
abstracts with such coding, and all math
displays and similarily coded material
(such as accent marks in text) must
be typeset in LATEX. Visit www.ams.org/
cgi-bin/abstracts/abstract.pl/. Questions about abstracts may be sent to absinfo@ams.org. Close attention should be
paid to specified deadlines in this issue.
Unfortunately, late abstracts cannot be
accommodated.

MEETINGS IN THIS ISSUE

–––––– 2018 ––––––––
March 16–18

Columbus, Ohio

p. 496

April 14–15

Nashville, Tennesse

p. 497

April 14–15

Portland, Oregon

p. 498

April 21–22

Boston, Massachusetts

p. 499

June 11–14

Shanghai, People's Republic
of China
p. 501

September 29–30

Newark, Delaware

p. 504

October 20–21

Ann Arbor, Michigan

p. 505

October 27–28

San Francisco, California

p. 506

November 3–4

Fayetteville, Arkansas

p. 506

–––––––– 2019 –––––––
January 16–19

Baltimore, Maryland

p. 507

March 15–17

Auburn, Alabama

p. 507

March 22–24

Honolulu, Hawaii

p. 508

April 13–14

Hartford, Connecticut

p. 508

June 10–13

Quy Nhon City, Vietnam

p. 508

September 14–15

Madison, Wisconsin

p. 508

October 12–13

Binghamton, New York

p. 509

November 2–3

Gainesville, Florida

p. 509

November 9–10

Riverside, California

p. 509

–––––––– 2020 ––––––––
January 15–18

Denver, Colorado

p. 509

–––––––– 2021 ––––––––
January 6–9

Washington, DC

p. 509

January 5-9

Grenoble, France

p. 510

–––––––– 2022 ––––––––
January 5–8

Seattle, Washington

p. 510

–––––––– 2023 ––––––––
January 4-7

Boston, Massachusetts

p. 510

See www.ams.org/meetings/ for the most up-to-date information on the meetings and conferences that we offer.
ASSOCIATE SECRETARIES OF THE AMS
Central Section: Georgia Benkart, University of WisconsinMadison, Department of Mathematics, 480 Lincoln Drive,
Madison, WI 53706-1388; email: benkart@math.wisc.edu;
telephone: 608-263-4283.

Southeastern Section: Brian D. Boe, Department of Mathematics, University of Georgia, 220 D W Brooks Drive, Athens, GA
30602-7403, email: brian@math.uga.edu; telephone: 706-5422547.

Eastern Section: Steven H. Weintraub, Department of Mathematics, Lehigh University, Bethlehem, PA 18015-3174; email:
steve.weintraub@lehigh.edu; telephone: 610-758-3717.

Western Section: Michel L. Lapidus, Department of Mathematics, University of California, Surge Bldg., Riverside, CA 925210135; email: lapidus@math.ucr.edu; telephone: 951-827-5910.
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MEETINGS & CONFERENCES

Meetings & Conferences of the AMS
IMPORTANT INFORMATION REGARDING MEETINGS PROGRAMS: AMS Sectional Meeting programs do not appear
in the print version of the Notices. However, comprehensive and continually updated meeting and program information with links to the abstract for each talk can be found on the AMS website. See www.ams.org/meetings/.
Final programs for Sectional Meetings will be archived on the AMS website accessible from the stated URL .

Columbus, Ohio
Ohio State University
March 16–18, 2018
Friday – Sunday

Meeting #1136
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: December 2017
Program first available on AMS website: January 31, 2018
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 39, Issue 2

Deadlines
For organizers: Expired
For abstracts: Expired
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Aaron W Brown, University of Chicago, Recent progress
in the Zimmer program.
Tullia Dymarz, University of Wisconsin-Madison, BiLipschitz vs Quasi-isometric equivalence.
June Huh, Institute for Advanced Study, The correlation
constant of a field.

Special Sessions
Advances in Integral and Differential Equations, Jeffrey
T. Neugebauer, Eastern Kentucky University, and Min
Wang, Rowan University.
Algebraic Coding Theory and Applications, Heide
Gluesing-Luerssen, University of Kentucky, Christine A.
Kelley, University of Nebraska-Lincoln, and Steve Szabo,
Eastern Kentucky University.
496
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Algebraic Combinatorics: Association Schemes, Finite
Geometry, and Related Topics, Sung Y. Song, Iowa State
University, and Bangteng Xu, Eastern Kentucky University.
Algebraic Curves and Their Applications, Artur
Elezi, American University, Monika Polak, Maria CurieSklodowska Univ. (Poland) and Univ. of Information
Science and Technology (Macedonia), and Tony Shaska,
Oakland University.
Algebraic and Combinatorial Aspects of Tropical Geometry, Maria Angelica Cueto, Ohio State University, Yoav
Len, University of Waterloo, and Martin Ulirsch, University
of Michigan.
Algebraic, Combinatorial, and Quantum Invariants of
Knots and Manifolds, Cody Armond, Ohio State University,
Mansfield, Micah Chrisman, Monmouth University, and
Heather Dye, McKendree University.
Analytical and Computational Advances in Mathematical Biology Across Scales, Veronica Ciocanel and Alexandria Volkening, Mathematical Biosciences Institute.
Categorical, Homological and Combinatorial Methods in
Algebra (Celebrating the 80th birthday of S. K. Jain), Pedro
A. Guil Asensio, University of Murcia, Ivo Herzog, Ohio
State University, Andre Leroy, University of Artois, and
Ashish K. Srivastava, Saint Louis University.
Coherent Structures in Interfacial Flows, Benjamin
Akers and Jonah Reeger, Air Force Institute of Technology.
Commutative and Combinatorial Algebra, Jennifer Biermann, Hobart and William Smith Colleges, and Kuei-Nuan
Lin, Penn State University, Greater Allegheny.
Convex Bodies in Algebraic Geometry and Representation Theory, Dave Anderson, Ohio State University, and
Kiumars Kaveh, University of Pittsburgh.
Differential Equations and Applications, King-Yeung
Lam and Yuan Lou, Ohio State University, and Qiliang
Wu, Michigan State University.
Function Spaces, Operator Theory, and Non-Linear
Differential Operators, David Cruz-Uribe, University of
Alabama, and Osvaldo Mendez, University of Texas.
Geometric Methods in Shape Analysis, Sebastian Kurtek
and Tom Needham, Ohio State University.
of the
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Graph Theory, John Maharry, Ohio State University,
Yue Zhao, University of Central Florida, and Xiangqian
Zhou, Wright State University.
Homological Algebra, Ela Celikbas and Olgur Celikbas,
West Virginia University.
Homotopy Theory, Ernest Fontes, John E. Harper,
Crichton Ogle, and Gabriel Valenzuela, Ohio State University.
Lefschetz Properties, Juan Migliore, University of Notre
Dame, and Uwe Nagel, University of Kentucky.
Mathematical Modeling of Neuronal Networks, Janet
Best, Ohio State University, Alicia Prieto Langarica,
Youngstown State University, and Pamela B. Pyzza, Ohio
Wesleyan University.
Multiplicative Ideal Theory and Factorization (in honor
of Tom Lucas retirement), Evan Houston, University of
North Carolina, Charlotte, and Alan Loper, Ohio State
University.
Noncommutative Algebra and Noncommutative Algebraic Geometry, Jason Gaddis, Miami University, and
Robert Won, Wake Forest University.
Nonlinear Evolution Equations, John Holmes and Feride
Tiglay, Ohio State University.
Nonlinear Waves and Patterns, Anna Ghazaryan, Miami
University, Stephane Lafortune, College of Charleston,
and Vahagn Manukian and Alin Pogan, Miami University.
Parameter Analysis and Estimation in Applied Dynamical Systems, Adriana Dawes, The Ohio State University,
and Reginald L. McGee, Mathematical Biosciences Institute.
Probabilistic and Extremal Graph Theory, Louis DeBiasio and Tao Jiang, Miami University.
Probability in Convexity and Convexity in Probability,
Elizabeth Meckes, Mark Meckes, and Elisabeth Werner,
Case Western Reserve University.
Quantum Symmetries, David Penneys, The Ohio State
University, and Julia Plavnik, Texas A & M University.
Recent Advances in Approximation Theory and Operator Theory, Jan Lang and Paul Nevai, The Ohio State
University.
Recent Advances in Finite Element Methods for Partial
Differential Equations, Ching-shan Chou, Yukun Li, and
Yulong Xing, The Ohio State University.
Recent Advances in Packing, Joseph W. Iverson, University of Maryland, John Jasper, South Dakota State University, and Dustin G. Mixon, The Ohio State University.
Recent Development of Nonlinear Geometric PDEs, Bo
Guan, Ohio State University, Qun Li, Wright State University, Xiangwen Zhang, University of California, Irvine, and
Fangyang Zheng, Ohio State University.
Several Complex Variables, Liwei Chen, Kenneth Koenig, and Liz Vivas, Ohio State University.
Stochastic Analysis in Infinite Dimensions, Parisa
Fatheddin, Air Force Institute of Technology, and Arnab
Ganguly, Louisiana State University.
Structure and Representation Theory of Finite Groups,
Justin Lynd, University of Louisiana at Lafayette, and
Hung Ngoc Nguyen, University of Akron.
April 2018
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Symmetry in Differential Geometry, Samuel Lin, Dartmouth College, Barry Minemyer, Bloomsburg University,
and Ben Schmidt, Michigan State University.
The Mathematics of Phylogenetics, Colby Long, Mathematical Biosciences Institute.
Topology and Geometry in Data Analysis, Sanjeevi
Krishnan and Facundo Memoli, Ohio State University.

Nashville, Tennessee
Vanderbilt University
April 14–15, 2018
Saturday – Sunday

Meeting #1138
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: January 2018
Program first available on AMS website: February 22, 2018
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 39, Issue 2

Deadlines
For organizers: Expired
For abstracts: Expired
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Andrea L Bertozzi, University of California, Los Angeles, Geometric graph-based methods for high dimensional
data (Erdős Memorial Lecture).
Joseph (JM) Landsberg, Dept. of Mathematics, Texas
A&M University, On the geometry of matrix multiplication.
Jennifer Morse, University of Virginia, Combinatorics,
computing, and k-Schur functions.
Kirsten Graham Wickelgren, Georgia Institute of Technology, An arithmetic count of the lines on a cubic surface.

Special Sessions
Advances in Operator Algebras, Scott Atkinson, Dietmar Bisch, Vaughan Jones, and Jesse Peterson, Vanderbilt University.
Algebraic Geometry, Representation Theory, and Applications, Shrawan Kumar, University of North Carolina
at Chapel Hill, J. M. Landsberg, Texas A&M University, and
Luke Oeding, Auburn University.
Boundaries and Non-positive Curvature in Group Theory, Spencer Dowdall and Matthew Hallmark, Vanderbilt
University, and Michael Hull, University of Florida.
Commutative Algebra, Florian Enescu and Yongwei
Yao, Georgia State University.
Evolution Equations and Applications, Marcelo Disconzi, Chenyun Luo, Giusy Mazzone, and Gieri Simonett,
Vanderbilt University.
of the
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Function Spaces and Operator Theory, Cheng Chu and
Dechao Zheng, Vanderbilt University.
Harmonic Analysis, Functional Analysis, and Their Applications, Akram Aldroubi and Keaton Hamm, Vanderbilt
University, Michael Northington,V, Georgia Institute of
Technology, and Alex Powell, Vanderbilt University.
Hermitian Geometry, Mehdi Lejmi, Bronx Community
College of CUNY, and Rares Rasdeaconu and Ioana Suvaina, Vanderbilt University.
Interactions between Geometry, Group Theory and Dynamics, Jayadev Athreya, University of Washington, and
Caglar Uyanik and Grace Work, Vanderbilt University.
Macdonald Polynomials and Related Structures, Jennifer Morse, University of Virginia, and Dan Orr and
Mark Shimozono, Virginia Polytechnic Institute and State
University.
Mathematical Chemistry, Hua Wang, Georgia Southern
University.
Matroids and Related Structures, Carolyn Chun, United
States Naval Academy, Deborah Chun and Tyler Moss,
West Virginia University Institute of Technology, and
Jakayla Robbins, Vanderbilt University.
Partial Differential Equations and New Perspective of
Variational Methods, Abbas Moameni, Carleton University, Futoshi Takahashi, Osaka City University, Michinori
Ishiwata, Osaka University, and Craig Cowen, University
of Manitoba.
Probabilistic Models in Mathematical Physics, Robert
Buckingham, University of Cincinnati, Seung-Yeop Lee,
University of South Florida, and Karl Liechty, DePaul
University.
Quantization for Probability Distributions and Dynamical Systems, Mrinal Kanti Roychowdhury, University of
Texas Rio Grande Valley.
Random Discrete Structures, Lutz P Warnke, Georgia
Institute of Technology, and Xavier Pérez-Giménez, University of Nebraska-Lincoln.
Recent Advances in Mathematical Biology, Glenn Webb
and Yixiang Wu, Vanderbilt University.
Recent Advances on Complex Bio-systems and Their
Applications, Pengcheng Xiao, University of Evansville.
Recent Progress and New Directions in Homotopy
Theory, Anna Marie Bohmann, Vanderbilt University,
and Kirsten Wickelgren, Georgia Institute of Technology.
Selected Topics in Graph Theory, Songling Shan,
Vanderbilt University, and David Chris Stephens and
Dong Ye, Middle Tennessee State University.
Structural Graph Theory, Joshua Fallon, Louisiana State
University, and Emily Marshall, Arcadia University.
Tensor Categories and Diagrammatic Methods, Marcel
Bischoff, Ohio University, and Henry Tucker, University
of California San Diego.
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Portland, Oregon
Portland State University
April 14–15, 2018
Saturday – Sunday

Meeting #1137
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: January 2018
Program first available on AMS website: February 15, 2018
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 39, Issue 2

Deadlines
For organizers: Expired
For abstracts: Expired
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Sándor J Kovács, University of Washington, Moduli
theory and singularities.
Elena Mantovan, California Institute of Technology,
Geometric realization of p-adic automorphic forms on
unitary Shimura varieties.
Dimitri Shlyakhtenko, UCLA, A (co)homology theory
for subfactors and planar algebras.

Special Sessions
Algebraic Geometry and its Connections, Sándor Kovács,
University of Washington, Seattle, and Karl Schwede, University of Utah, Salt Lake City.
Algebraic Topology, Angélica Osorno, Reed College,
and Dev Sinha, University of Oregon.
Algebraic and Combinatorial Structures in Knot Theory,
Allison Henrich, Seattle University, Inga Johnson, Willamette University, and Sam Nelson, Claremont McKenna
College.
Automorphisms of Riemann Surfaces and Related Topics, S. Allen Broughton, Rose-Hulman Institute of Technology, Mariela Carvacho, Universidad Tecnica Federico
Santa Maria, Anthony Weaver, Bronx Community College,
the City University of New York, and Aaron Wootton,
University of Portland.
Biomathematics - Progress and Future Directions, Hannah Callender Highlander, University of Portland, Peter
Hinow, University of Wisconsin-Milwaukee, and Deena
Schmidt, University of Nevada, Reno.
Commutative Algebra, Adam Boocher, University of
Utah, and Irena Swanson, Reed College.
Complex Analysis and Applications, Malik Younsi, University of Hawaii Manoa.
Differential Geometry, Christine Escher, Oregon State
University, and Catherine Searle, Wichita State University.
of the
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Forest Modeling, Gatziolis Demetrios, Pacific Northwest
Research Station, US Forest Service, and Nikolay Strigul,
Washington State University, Vancouver.
General Relativity and Geometric Analysis, Paul T.
Allen, Lewis & Clark College, Jeffrey Jauregui, Union College, and Iva Stavrov Allen, Lewis & Clark College.
Geometric Measure Theory and Partial Differential
Equations, Mark Allen, Brigham Young University, and
Spencer Becker-Kahn and Mariana Smit Vega Garcia,
University of Washington.
Inverse Problems, Hanna Makaruk, Los Alamos National
Laboratory (LANL), and Robert Owczarek, University of
New Mexico, Albuquerque & Los Alamos.
Mock Modular and Quantum Modular Forms, Holly
Swisher, Oregon State University, and Stephanie Treneer,
Western Washington University.
Modeling, Analysis, and Simulation of PDEs with Multiple
Scales, Interfaces, and Coupled Phenomena, Yekaterina
Epshteyn, University of Utah, and Malgorzata Peszynska,
Oregon State University.
Moduli Spaces, Renzo Cavalieri, Colorado State University, and Damiano Fulghesu, Minnesota State University
Moorhead.
Motivic homotopy theory, Daniel Dugger, University of
Oregon, and Kyle Ormsby, Reed College.
Noncommutative Algebraic Geometry and Related Topics, Jesse Levitt, University of Southern California, Hans
Nordstrom, University of Portland, and Xinting Wang,
Temple University.
Nonsmooth Optimization and Applications(Dedicated to
Prof. B. S. Mordukhovich on the occasion of his 70th birthday), Mau Nam Nguyen, Portland State University, Hung
M. Phan, University of Massachusetts Lowell, and Shawn
Xianfu Wang, University of British Columbia.
Numerical Methods for Partial Differential Equations,
Brittany A. Erickson and Jeffrey S. Ovall, Portland State
University.
Recent Advances in Actuarial Mathematics, Sooie-Hoe
Loke, Central Washington University, and Enrique Thomann, Oregon State University.
Spectral Theory, Jake Fillman, Virginia Tech, and Milivoje Lukic, Rice University.
Teaching and Learning in Undergraduate Mathematics,
Natalie LF Hobson, Sonoma State University, and Elise
Lockwood, Oregon State University.
Wavelets, Frames, and Related Expansions, Marcin
Bownik, University of Oregon, and Darrin Speegle, Saint
Louis University.

April 2018
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Boston,
Massachusetts
Northeastern University
April 21–22, 2018
Saturday – Sunday

Meeting #1139
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: January 2018
Program first available on AMS website: March 1, 2018
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 39, Issue 2

Deadlines
For organizers: Expired
For abstracts: Expired
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Jian Ding, University of Pennsylvania, Random walk,
random media and random geometry.
Edward Frenkel, University of California, Berkeley,
Imagination and Knowledge (Einstein Public Lecture in
Mathematics).
Valentino Tosatti, Northwestern University, Metric
limits of Calabi-Yau manifolds.
Maryna Viazovska, École Polytechnique Fédérale de
Lausanne, The sphere packings and modular forms.

Special Sessions
Algebraic Number Theory, Michael Bush, Washington
and Lee University, Farshid Hajir, University of Massachusetts, and Christian Maire, Université Bourgogne
Franche-Comté.
Algebraic Statistics, Kaie Kubjas and Elina Robeva,
Massachusetts Institute of Technology.
Algebraic, Geometric, and Topological Methods in Combinatorics, Florian Frick, Cornell University, and Pablo
Soberón, Northeastern University.
Algorithmic Group Theory and Applications, Delaram
Kahrobaei, City University of New York, and Antonio
Tortora, University of Salerno.
Analysis and Geometry in Non-smooth Spaces, Nageswari Shanmugalingam and Gareth Speight, University
of Cincinnati.
Arithmetic Dynamics, Jacqueline M. Anderson, Bridgewater State University, Robert Benedetto, Amherst College, and Joseph H. Silverman, Brown University.
of the

AMS

499

MEETINGS & CONFERENCES
Arrangements of Hypersurfaces, Graham Denham,
University of Western Ontario, and Alexander I. Suciu,
Northeastern University.
Combinatorial Aspects of Nilpotent Orbits, Anthony
Iarrobino, Northeastern University, Leila Khatami, Union
College, and Juliana Tymoczko, Smith College.
Combinatorial Representation Theory, Laura Colmenarejo, York University, Ricky Liu, North Carolina State
University, and Rosa Orellana, Dartmouth College.
Connections Between Trisections of 4-manifolds and
Low-dimensional Topology, Jeffrey Meier, University of
Georgia, and Juanita Pinzon-Caicedó, North Carolina
State University.
Discretization in Geometry and Dynamics, Richard
Kenyon, Wai Yeung Lam, and Richard Schwartz, Brown
University.
Dynamical systems, Geometric Structures and Special
Functions, Alessandro Arsie, University of Toledo, and
Oksana Bihun, University of Colorado, Colorado Springs.
Effective Behavior in Random Environments, Jessica
Lin, McGill University, and Charles Smart, University of
Chicago.
Ergodic Theory and Dynamics in Combinatorial Number
Theory, Stanley Eigen and Daniel Glasscock, Northeastern
University, and Vidhu Prasad, University of Massachusetts, Lowell.
Extremal Graph Theory and Quantum Walks on Graphs,
Sebastian Cioabă, University of Delaware, Mark Kempton,
Harvard University, Gabor Lippner, Northeastern University, and Michael Tait, Carnegie Mellon University.
Facets of Symplectic Geometry and Topology, Tara
Holm, Cornell University, Jo Nelson, Columbia University,
and Jonathan Weitsman, Northeastern University.
Geometries Defined by Differential Forms, Mahir Bilen
Can, Tulane University, Sergey Grigorian, University of
Texas Rio Grande Valley, and Sema Salur, University of
Rochester.
Geometry and Analysis of Fluid Equations, Robert
McOwen and Peter Topalov, Northeastern University.
Geometry of Moduli Spaces, Ana-Marie Castravet and
Emanuele Macrí, Northeastern University, Benjamin
Schmidt, University of Texas, and Xiaolei Zhao, Northeastern University.
Global Dynamics of Real Discrete Dynamical Systems, M.
R. S. Kulenović and O. Merino, University of Rhode Island.
Harmonic Analysis and Partial Differential Equations,
Donatella Danielli, Purdue University, and Irina Mitrea,
Temple University.
Homological Commutative Algebra, Sean Sather-Wagstaff, Clemson University, and Oana Veliche, Northeastern
University.
Hopf Algebras, Tensor Categories, and Homological
Algebra, Cris Negron, Massachusetts Institute of Technology, Julia Plavnik, Texas A&M, and Sarah Witherspoon,
Texas A&M University.
Mathematical Perspectives in Quantum Information
Theory, Aram Harrow, Massachusetts Institute of Technology, and Christopher King, Northeastern University.
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Mathematical Problems of Relativistic Physics: Classical
and Quantum, Michael Kiessling and A. Shadi TahvildarZadeh, Rutgers University.
Modeling of Biological Processes, Simone Cassani and
Sarah Olson, Worcester Polytechnic Institute.
New Developments in Inverse Problems and Imaging,
Ru-Yu Lai, University of Minnesota, and Ting Zhou, Northeastern University.
Noncommutative Algebra and Representation Theory,
Van C. Nguyen, Hood College, and Alex Martsinkovsky
and Gordana Todorov, Northeastern University.
Nonlinear Reaction-Diffusion Equations and Their Applications, Nsoki Mavinga and Quinn Morris, Swarthmore
College.
Nonlinear and Stochastic Partial Differential Equations
and Applications, Nathan Glatt-Holtz and Vincent Martinez, Tulane University, and Cecilia Mondaini, Texas A&M
University.
Numerical Methods and Applications, Vera Babenko,
Ithaca College.
Optimization Under Uncertainty, Yingdong Lu and
Mark S. Squillante, IBM Research.
Polytopes and Discrete Geometry, Gabriel Cunningham, University of Massachusetts, Boston, Mark Mixer,
Wentworth Institute of Technology, and Egon Schulte,
Northeastern University.
Regularity of PDEs on Rough Domains, Murat Akman,
University of Connecticut, and Max Engelstein, Massachusetts Institute of Technology.
Relations Between the History and Pedagogy of Mathematics, Amy Ackerberg-Hastings, and David L. Roberts,
Prince George’s Community College.
Singularities of Spaces and Maps, Terence Gaffney and
David Massey, Northeastern University.
The Analysis of Dispersive Equations, Marius Beceanu,
University at Albany, and Andrew Lawrie, Massachusetts
Institute of Technology.
The Gaussian Free Field and Random Geometry, Jian
Ding, University of Pennsylvania, and Vadim Gorin, Massachusetts Institute of Technology.
Topics in Qualitative Properties of Partial Differential
Equations, Changfeng Gui, University of Texas at San
Antonio, Changyou Wang, Purdue University, and Jiuyi
Zhu, Louisiana State University.
Topics in Toric Geometry, Ivan Martino, Northeastern
University, and Emanuele Ventura, Texas A&M University.
Topology of Biopolymers, Erica Flapan, Pomona College,
and Helen Wong, Carleton College.
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Shanghai, People’s
Republic of China
Fudan University
June 11–14, 2018
Monday – Thursday

Meeting #1140
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: April 2018
Program first available on AMS website: Not applicable
Program issue of electronic Notices: Not applicable
Issue of Abstracts: Not applicable

Deadlines
For organizers: Expired
For abstracts: May 10, 2018
The scientific information listed below may be dated. For
the latest information, see www.ams.org/amsmtgs/internmtgs.html.

Invited Addresses
Yu-Hong Dai, Academy of Mathematics and System Sciences, An overview of unconstrained optimization.
Kenneth A. Ribet, University of California, Berkeley, The
Einstein ideal and the arithmetic of modular curves and
their Jacobians.
Richard M. Schoen, University of California, Irvine, Geometry and general relativity.
Sijue Wu, University of Michigan, On the motion of water
waves with angled crests.
Chenyang Xu, Peking University, Compact moduli spaces.
Jiangong You, Nankai University, Quasi-periodic
Schrödinger operators.

Special Sessions
Additive Combinatorics including its Interplay with
Factorization Theory (SS 1), Weidong Gao, Nankai University, Alfred Geroldinger, University of Graz, and David J.
Grynkiewicz, University of Memphis.
Algebraic Geometry (SS 3), Davesh Maulik, Massachusetts Institute of Technology, and Chenyang Xu, Peking
University.
Algebraic and Geometric Topology (SS 2), Michael Hill,
University of California at Los Angeles, Zhi Lü and Jiming
Ma, Fudan University, and Yifei Zhu, Southern University
of Science and Technology.
Asymptotically Hyperbolic Einstein Manifolds and Conformal Geometryb (SS 4), Jie Qing, University of California,
Santa Cruz, and Beijing International Center for Mathematical Research, Mijia Lai and Fang Wang, Shanghai
Jiao Tong University, and Meng Wang, Zhejiang University.
Complex Geometry and Several Complex Variables (SS
5), Qingchun Ji, Fudan University, Min Ru, University of
April 2018
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Houston, and Xiangyu Zhou, Chinese Academy of Sciences.
Computer Science (SS 6), Erich Kaltofen, North Carolina
State University, and Lihong Zhi, Academy of Mathematics
and Systems Science, Chinese Academy of Sciences.
Cybernetics (SS 7), Alberto Bressan, Pennsylvania State
University, and Xu Zhang, Sichuan University.
Geometric Models and Methods in Quantum Gravity (SS
8), Peng Wang, Sichuan University, and P. P. Yu, Westminster College.
Geometric Representation Theory and the Langlands
Program (SS 9), Dihua Jiang, University of Minnesota,
Yiqiang Li, State University of New York at Buffalo, Peng
Shan, Tsinghua University, and Binyong Sun, Academy
of Mathematics and Systems Science, Chinese Academy
of Sciences.
Geometry (SS 10), Jiayu Li, University of Science and
Technology of China, and Jie Qing, University of California
Santa Cruz and Beijing International Center for Mathematical Research.
Harmonic Analysis and Partial Differential Equations
(SS 11), Hong-Quan Li, Fudan University, and Xiaochun
Li, UIUC.
Harmonic Maps and Related Topics (SS 12), Yuxin Dong,
Fudan University, Ye-Lin Ou, Texas A&M University–Commerce, Mei-Chi Shaw, University of Notre Dame, and
Shihshu Walter Wei, University of Oklahoma.
Inverse Problems (SS 13), Gang Bao, Zhejiang University,
and Hong-Kai Zhao, University of California at Irvine.
Mathematics of Planet Earth: Natural Systems and Models (SS 14), Daniel Helman, Ton Duc Thang University, and
Huaiping Zhu, York University.
Noncommutative Algebra and Related Topics (SS 15),
Quanshui Wu, Fudan University, and Milen Yakimov,
Louisiana State University.
Nonlinear Analysis and Numerical Simulations (SS 16),
Jifeng Chu, Shanghai Normal University, Zhaosheng Feng,
University of Texas Rio Grande Valley, and Juntao Sun,
Shandong University of Technology.
Nonlinear Dispersive Equations (SS 17), Marius Beceanu,
University at Albany SUNY, and Chengbo Wang, Zhejiang
University.
Number Theory (SS 18), Hourong Qin, Nanjing University, and Wei Zhang, Columbia University.
Numerical Analysis (SS 19), Jin Cheng, Fudan University,
and Jie Shen, Purdue University.
Operations Research (SS 20), Yanqin Bai, Shanghai
University, Yu-Hong Dai, Academy of Mathematics and
Systems Science, Chinese Academy of Sciences, and Jiming
Peng, University of Houston.
Ordinary Differential Equations and Dynamical Systems
(SS 21), Jiangong You, Nankai University, and Kening Lu,
Brigham Young University.
Partial Differential Equation–Elliptic and Parabolic (SS
22), Xinan Ma, University of Science and Technology of
China, and Lihe Wang, University of Iowa.
Partial Differential Equations–Hyperbolic (SS 23), Hongjie Dong, Brown University, and Zhen Lei, Fudan University.
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Probability (SS 24), Zhenqing Chen, University of Washington, and Zenghu Li, Beijing Normal University.
Quantum Algebras and Related Topics (SS 25), Yun
Gao, York University, Naihuan Jing, North Carolina State
University, and Honglian Zhang, Shanghai University.
Recent Advances in Numerical Methods in Partial Differential Equations (SS 26), Ying Li, Shanghai University,
and Jia Zhao, Utah State University.
Recent Advances in Stochastic Dynamical Systems and
their Applications (SS 27), Xiaofan Li, Illinois Institute of
Technology, and Yanjie Zhang, Huazhong University of
Science and Technology.
Singularities in Geometry, Topology, and Algebra (SS
28), Rong Du, East China Normal University, Yongqiang
Liu, KU Leuven, and Laurentiu Maxim and Botong Wang,
University of Wisconsin.
Statistics (SS 29), Jianhua Guo, Northeastern Normal
University, and Xumin He, University of Michigan.
Symplectic Geometry (SS 30), Qile Chen, Boston College, Huijun Fan, Peking University, and Yongbin Ruan,
University of Michigan.
Toplogical Thinking about Mathematics of Data and
Complex Information (SS 31), Amir Assadi, University of
Wisconsin and Beijing Institute of Technology, Dan Burghelea, Ohio State University, Huafei Sun, Beijing Institute
of Technology, and Yazhen Wang, University of Wisconsin.
This announcement was composed with information
taken from the website maintained by the local organizers
at jimca2018.csp.escience.cn/dct/page/1. Please
watch this website for the most up-to-date information.

Abstract Submissions
Abstracts must be submitted online The deadline for
abstract submissions is May 10th.

Accommodations
The Chinese Mathematical Society has suggested som
hotels for participants of the meeting while they are in
Shanghai. Should participants choose to utilize a room
at one of these properties, all arrangements should be
made via the local organizer's website. A list of suggested
properties can be found here: jimca2018.csp.escience.
cn/dct/page/65540.
Please note, hotel reservations are only valid after a
meeting registration fee payment has been collected via
the online registration form located here: jimca2018.csp.
escience.cn/dct/page/65554. Once registered, meeting
participants must then log-in and following the instructions listed on the site to reserve a room.
One sleeping room may be booked per person, per day
and reservations can be made for a maximum of five days
in total. All reservations for these rooms will be paid
for on-site, at the venue, upon arriving in Shanghai. The
pricing listed for accomodations in the hotel descriptions
below are for reference and may not be the price you pay
on-site. The AMS is not responsible for rate changes or for
the quality of the accommodations. Hotels have varying
502
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cancellation and early checkout penalties; be sure to
ask for details.
Crowne Plaza(*****), 199 Handan Road, Shanghai,
People's Republic of China; Phone: 86-21-55529999;
https://www.ihg.com/crowneplaza/hotels/us/en/
shanghai/shgfd/hoteldetail. Email: reservations@
crowneplazafudan.com. Sample rates for a deluxe room
are CNY 800 per night for a room with a king-sized bed
and CNY 850 for a room with two twin beds. Amenities
include indoor swimming pool, fitness center, spa, three
restaurants, two lounges, in-room dining, business center, and free wireless Internet in guest rooms and public
spaces. Check-in time is 2:00 pm and check-out time is
noon. Cancellation and early check-out policies vary; be
sure to check when you make your reservation.
Shanghai Fuxuan Hotel(****), 400 Guoding Road,
Yangpu District, Shanghai, People's Republic of China;
Phone: 86-21-51017070; www.fuxuanhotel.com. The
sample rate for a deluxe room is CNY 580 per night for a
room with a king-sized bed or a room with two twin beds.
Amenities include central air-conditioning, mini refrigerators in-room, a restaurant, a lounge, in-room dining, and a
business center. Cancellation and early check-out policies
vary; be sure to check when you make your reservation.
Fudan Yanyuan Hotel(***), 270 Zhengtong Road,
Yangpu District, Shanghai, People's Republic of China;
Phone: 86-21-31200354; www.fudanyanyuanhotel.com/
contact_us. The sample rate for a superior room is CNY
300 per night for a room with a king-sized bed. Amenities
include central air-conditioning, a restaurant, complimentary parking, and a business center. Cancellation and early
check-out policies vary; be sure to check when you make
your reservation.

Local Information/ Tourism
Fudan University will host this meeting. The campus is
laid out as a main area consisting of the Handan Street
Campus and Jiangwan New Campus areas, along with two
side campuses, Fenglin Campus and Zhangjiang Campus.
The website for Fudan University can be found here: www.
fudan.edu.cn/en.
Local tourism information and maps can be found at
www.meet-in-shanghai.net/This site offers details on
general travel information, accommodations, restaurants
and transportation in Shanghai.
Chinese currency is called Yuan Renminbi (literally people's currency), often abbreviated as RMB or CNY. RMB/
CNY is issued in both notes and coins. The denominations
of paper notes include 100, 50, 20, 10, 5, 2 and 1 Yuan;
5, 2, and 1 Jiao; and 5, 2, and 1 Fen. The denominations
of coins are 1 Yuan; 5, 2 and 1 Jiao; and 5, 2, and 1 Fen.
At the time of publication of this announcement the
exchange rate was US$1 is equal to 6.31612 CNY. Cash
(foreign currency) can be exchanged upon arrival at the
international airports of Shanghai. Also most hotels offer
foreign exchange services and exchange cash and travelers
cheques. The Bank of China exchanges money and travelers cheques. Banking hours are typically Mondays through
Fridays, 9 am to 5 pm.
of the
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Major credit cards can be accepted at most hotels,
tourist shops and some department stores. It is highly
reccomended that you notify your bank of your international travel, and the potential legitimate use of your card
abroad, prior to leaving the U.S.
Shanghai's electrical current is supplied at 220 volts,
50 cycles. The most common plug types are the dual and
three-pointed prongs, which are different from the western plugs. Please note, China runs on 220 volts, which will
burn 110-volt appliances.

Registration and Meeting Information
Advanced registration is available on-line, until the
deadline of May 10, 2018. The rate for advanced registration for the meeting excluding lunch is CNY 700 and
the advanced registration fee including lunch is CNY 900.
Registration is also available onsite starting on June 11,
2018. The rate for on-site registration for the meeting
excluding lunch is CNY 1000 and the on-site registration
fee including lunch is CNY 1200. Lunch tickets may be
purchased on-site at the registration desk at a cost of CNY
50 for each meal.
Invoices are available as documentation of registration
fees. Please fill out the information related to the invoice
at the time of registration, including invoice type, invoice
title and Taxpayer’s registration number (if applicable).
Invoices are available in electronic form as well as paper
form. The local organizers highly recommend electronic
invoices, which may be sent via email within 15 workdays
after payment. Paper invoices can be collected at the registration desk during the meeting. For any special delivery
requirements for invoices, please contact the Chinese
Mathematical Society office.
The program for the meeting will run between 8:30 am and
5:30 pm each day. All locations for conference events and
meeting registration are located on the campus of Fudan
University, and all buildings are within walking distance of
each other. There will be a reception on Monday evening
and a banquet on Wednesday evening for all participants.
The AMS thanks our hosts for their gracious hospitality.

Special Needs
It is the goal of the AMS to ensure that its conferences
and meetings are accessible to all, regardless of disability. The AMS will strive, unless it is not practicable, to
choose venues that are fully accessible to the physically
handicapped.
If special needs accommodations are necessary in order
for you to participate in an international meeting with the
AMS , please communicate your needs in advance to the
local organizers of that meeting.

AMS Policy on a Welcoming Environment

The AMS strives to ensure that participants in its activities enjoy a welcoming environment. In all its activities, the
AMS seeks to foster an atmosphere that encourages the
free expression and exchange of ideas. The AMS supports
equality of opportunity and treatment for all participants,
regardless of gender, gender identity, or expression, race,
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color, national or ethnic origin, religion or religious belief,
age, marital status, sexual orientation, disabilities, or
veteran status.

Travel
Shanghai is located on the center of the east China coast
on the Yangtze River delta. It is the largest economic and
trade center in China, and one of China's cultural centers.
By Air: There are more than a hundred air carriers traveling to Shanghai from all over the country and the world.
Air travelers to Shanghai may arrive at Shanghai
Pudong International Airport (PVG) or Shanghai Hongqiao International Airport (SHA). Pudong Airport primarily
serves international destinations and also offers some
domestic destinations. Hongqiao mainly offers domestic
flights and a few international flights.
Shanghai Pudong International Airport is around 30
kilometers (19 miles) from central Shanghai and 60 kilometers (37 miles) from Shanghai Hongqiao International
Airport. As Shanghai's largest airport, Pudong serves over
80 domestic and foreign airlines, and connects with over
100 international and regional destinations as well as over
90 domestic destinations.
There are several options for ground tranportation
from PVG.
The Maglev train route runs between Longyang Road
subway station in Pudong and Shanghai Pudong International Airport. This is the world's fastest train. The
30-kilometer trip takes about 8 minutes. At Longyang
Road Station, you can transfer to Subway Line 2, which
will take you to the city center. Fares for a standard seat
are CNY 50 for a one-way ticket and CNY 80 for a return
ticket; a VIP seat costs CNY 100 for a one-way ticket and
CNY 160 for a return ticket.
Shuttle bus service is also available. There are ten bus
routes connecting Shanghai Hongqiao International Airport with train stations and Shanghai city center.
Taxi service takes approximately one hour to get from
the airport to the city center and costs about CNY 180 each
way in the daytime and about CNY 250 at night.
Shanghai Hongqiao International Airport is around
13 kilometers (about 8 miles) from central Shanghai and
60 kilometers (37 miles) from Shanghai Pudong International Airport. It is the main domestic airport serving
Shanghai, with limited international flights to Japan and
South Korea.
There are several options for ground tranportation
from SHA.
Travelling by subway take Line 2 or Line 10 to the
city center and reach Hongqiao Railway Station, Yuyuan
Garden, and People's Square.
To travel via shuttle bus, there are eight bus routes
connecting the airport and the city center.
Travelling by taxi, it takes approximately 30 minutes
to get from the airport to the city center and costs about
CNY 60 each way.
By Train: There are four main railway stations in
Shanghai:
of the
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Shanghai Railway Station: This is the largest railway
station in Shanghai, and more than 70 pairs of trains run
from there to large- and middle-sized cities, including
Beijing, Xi’an, and Hong Kong.
Shanghai Hongqiao Railway Station: This mainly operates bullet trains to/from Beijing, Nanjing, Hangzhou, and
Guangzhou.
Shanghai South Railway Station: The trains from this
station mostly depart to Jiangxi Province, Zhejiang Province, and places in South China.
Shanghai West Railway Station: This station mainly
operates trains running from/to Nanjing and Wuxi.

Local Transportation
Taxi Service: Taxis are the most convenient means of
transportation in Shanghai. There are five main taxi companies in Shanghai, operating taxis of different colors.
Here are the five companies, with their colors and hotlines:
Qiangsheng Taxi (yellow): +86 21 6258 0000
Dazhong Taxi (sky blue): +86 21 96822
Haibo Taxi (white): +86 21 96933
Bashi Taxi (light green): +86 21 96840
Jinjiang Taxi (mazarine/ blue): +86 21 96961
Fares vary at different times of the day. Between the
hours of 5:00 am and 10:59 pm fares will be CNY 14 for
the first 3 kilometers (1.9 miles) and CNY 2.50 for each
additional kilometer (0.6 mile) up to 15 kilometers; CNY
3.6 per kilometer afterwards. Between the hours of 11:00
pm and 4:59 am fares will be CNY 18 for the first 3 kilometers and CNY 3.10 for each additional kilometer up
to 15 kilometers; CNY 4.7 per kilometer afterwards. The
vacancy disk will help you know when a cab is available;
when the disk is upright and illuminated showing two
Chinese characters, it means the cab is vacant.
Bus Service: Public buses in Shanghai are often
crowded, but serve as a convenient and inexpensive way to
travel. Buses preceded by the numbers "2", "3", and "9" are
rush hour buses, night service buses, and double-decker/
tourist buses, respectively, and buses 1 to 199 run from
5am to 11pm.
Fares range from CNY 1 to CNY 3 depending on the
length of the routes or bus conditions: as a rule, the cost
is CNY 1 for routes less than 1.3 kilometers, CNY 1.50 for
routes over 1.3 kilometers, and CNY 2 for air-conditioned
buses (indicated by a snowflake next to the bus number).
Shanghai Metro: There are 14 subway lines in Shanghai;
the longest metro system in the world with 548 kilometers of track. A ticket costs CNY 3 to CNY 6, based on the
distance traveled.
Rental cars are available at the airport and bike sharing
programs also exist in Shanghai. For more information,
please inquire at your hotel or with the local organizers
of the meeting.

mended that visitors be prepared for inclement weather
and check weather forecasts in advance of their arrival.

Information for International
Participants
For participants requiring an entry visa to visit China,
local organizers will provide invitation letters for the application process. This letter is available for download once
registration is complete and the registration fee has been
paid. This letter can be obtained at the end of the registration process by selecting the 'download' option found
on that page. Visa category F and L are recommended.
This information is not to be considered complete.
Please visit www.china-embassy.org/eng/visas/hrsq/
for the more information about the visa application process.

Newark, Delaware
University of Delaware
September 29–30, 2018
Saturday – Sunday

Meeting #1141
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: June 2018
Program first available on AMS website: August 9, 2018
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 39, Issue 3

Deadlines
For organizers: Expired
For abstracts: July 31, 2018
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Leslie Greengard, New York University, Title to be announced.
Elisenda Grigsby, Boston College, Title to be announced.
Davesh Maulik, Massachusetts Institute of Technology,
Title to be announced.

Special Sessions

Weather

If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

June is summer in Shanghai. It can be quite warm, with
average temperatures in the range of approximately 75 85 degrees farenheit, typically with high humidity. Early
summer can also bring rainfall to Shanghai. It is recco-

Advances in Numerical Approximation of Partial Differential Equations (Code: SS 8A), Constantin Bacuta and
Jingmei Qiu, University of Delaware.
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Applied Algebraic Topology (Code: SS 2A), Chad Giusti,
University of Delaware, and Gregory Henselman, Princeton University.
Convex Geometry and Functional Inequalities (Code: SS
3A), Mokshay Madiman, University of Delaware, Elisabeth
Werner, Case Western Reserve University, and Artem
Zvavitch, Kent State University.
Fixed Point Theory with Application and Computation
(Code: SS 7A), Clement Boateng Ampadu, Boston, MA,
Penumarthy Parvateesam Murthy, Guru Ghasidas Vishwavidyalaya, Bilaspur, India, Naeem Saleem, University of
Management and Technology, Lahore, Pakistan, Yaé Ulrich
Gaba, Institut de Mathématiques et de Sciences Physiques
(IMSP), Porto-Novo, Bénin, and Xavier Udo-utun, University
of Uyo, Uyo, Nigeria.
Interplay between Analysis and Combinatorics (Code:
SS 5A), Mahya Ghandehari and Dominique Guillot, University of Delaware.
Modern Quasiconformal Analysis and Geometric Function Theory (Code: SS 6A), David Herron, University of
Cincinnati, and Yuk-J Leung, University of Delaware.
Nonlinear Water Waves and Related Problems (Code: SS
9A), Philippe Guyenne, University of Delaware.
Operator and Function Theory (Code: SS 4A), Kelly
Bickel, Bucknell University, Michael Hartz, Washington
University, St. Louis, Constanze Liaw, University of Delaware, and Alan Sola, Stockholm University.
Recent Advances in Nonlinear Schrödinger Equations
(Code: SS 1A), Alexander Pankov, Morgan State University,
Junping Shi, College of William and Mary, and Jun Wang,
Jiangsu University.
Recent Analytic and Numeric Results on Nonlinear Evolution Equations (Code: SS 10A), Xiang Xu, Old Dominion
University, and Wujun Zhang, Rutgers University.

Ann Arbor, Michigan
University of Michigan, Ann Arbor
October 20–21, 2018
Saturday – Sunday

Meeting #1143
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: July 2018
Program first available on AMS website: August 30, 2018
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 39, Issue 4

Deadlines
For organizers: March 20, 2018
For abstracts: August 21, 2018
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.
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Invited Addresses
Elena Fuchs, University of Illinois Urbana–Champaign,
Title to be announced.
Andrew Putman, University of Notre Dame, Title to be
announced.
Charles Smart, University of Chicago, Title to be announced.

Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.
Aspects of Geometrc Mechanics and Dynamics (Code:
SS 13A), Anthony M. Bloch, University of Michigan, and
Marta Farre Puiggali, University of Michigan.
Combinatorics in Algebra and Algebraic Geometry
(Code: SS 14A), Zachary Hamaker, University of Michigan,
Steven Karp, University of Michigan, and Oliver Pechenik,
University of Michigan.
Cluster Algebra, Poisson Geometry, and Related Topics
(Code: SS 9A), Eric Bucher, Michigan State University, and
Maitreyee Kulkarni and Bach Nguyen, Louisiana State
University.
Diophantine Data Analysis (Code: SS 11A), Steven
Damelin, American Mathematical Society, and Alec
Greene, University of Michigan.
From Hyperelliptic to Superelliptic Curves (Code: SS 6A),
Tony Shaska, Oakland University, Nicola Tarasca, Rutgers
University, and Yuri Zarhin, Pennsylvania State University.
Geometry of Submanifolds, in Honor of Bang-Yen Chens
75th Birthday (Code: SS 1A), Alfonso Carriazo, University
of Sevilla, Ivko Dimitric, Penn State Fayette, Yun Myung
Oh, Andrews University, Bogdan D. Suceava, California
State University, Fullerton, Joeri Van der Veken, University of Leuven, and Luc Vrancken, Universite de Valenciennes.
Interactions between Algebra, Machine Learning and
Data Privacy (Code: SS 3A), Jonathan Gryak, University of
Michigan, Kelsey Horan, CUNY Graduate Center, Delaram
Kahrobaei, CUNY Graduate Center and New York University, Kayvan Najarian and Reza Soroushmehr, University
of Michigan, and Alexander Wood, CUNY Graduate Center.
Large Cardinals and Combinatorial Set Theory (Code:
SS 10A), Andres E. Caicedo, Mathematical Reviews, and
Paul B. Larson, Miami University.
Modern Trends in Integrable Systems (Code: SS 12A),
Deniz Bilman, Peter Miller, Michael Music, and Guilherme
Silva, University of Michigan.
Probabilistic Methods in Combinatorics (Code: SS 7A),
Patrick Bennett and Andrzej Dudek, Western Michigan
University, and David Galvin, University of Notre Dame.
Random Matrix Theory Beyond Wigner and Wishart
(Code: SS 2A), Elizabeth Meckes and Mark Meckes, Case
Western Reserve University, and Mark Rudelson, University of Michigan.
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Representations of Reductive Groups over Local Fields
and Related Topics (Code: SS 8A), Anne-Marie Aubert,
Institut Mathématiques de Jussieu, Paris Rive Gauche,
Jessica Fintzen, IAS, University of Michigan, University
of Cambridge, and Camelia Karimianpour, University of
Michigan.
Self-similarity and Long-range Dependence in Stochastic
Processes (Code: SS 4A), Takashi Owada, Purdue University, Yi Shen, University of Waterloo, and Yizao Wang,
University of Cincinnati.
Structured Homotopy Theory (Code: SS 5A), Thomas
Fiore, University of Michigan, Dearborn, Po Hu and Dan
Isaksen, Wayne State University, and Igor Kriz, University
of Michigan.

San Francisco,
California
San Francisco State University
October 27–28, 2018
Saturday – Sunday

Meeting #1144
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: July 2018
Program first available on AMS website: September 6, 2018
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 39, Issue 4

Deadlines

Fayetteville,
Arkansas
University of Arkansas
November 3–4, 2018
Saturday – Sunday

For organizers: March 27, 2018
For abstracts: August 28, 2018

Meeting #1142

The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Srikanth B. Iyengar, University of Utah, Title to be announced.
Sarah Witherspoon, Texas A&M University, Title to be
announced.
Abdul-Aziz Yakubu, Howard University, Title to be
announced.

Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.
Analysis and Geometry of Fractals (Code: SS 7A), Kyle
Hambrook, University of Rochester, Chun-Kit Lai, San
Francisco State University, and Sze-Man Ngai, Georgia
Southern University.
506

Coupling in Probability and Related Fields (Code: SS 3A),
Sayan Banerjee, University of North Carolina, Chapel Hill,
and Terry Soo, University of Kansas.
Geometric and Analytic Inequalities and their Applications (Code: SS 4A), Nicholas Brubaker, Isabel M. Serrano,
and Bogdan D. Suceavă, California State University, Fullerton.
Homological Aspects in Commutative Algebra and
Representation Theory (Code: SS 5A), Srikanth B. Iyengar, University of Utah, and Julia Pevtsova, University of
Washington.
Homological Aspects of Noncommutative Algebra and
Geometry (Code: SS 2A), Dan Rogalski, University of California San Diego, Sarah Witherspoon, Texas A&M University, and James Zhang, University of Washington, Seattle.
Mathematical Biology with a focus on Modeling, Analysis, and Simulation (Code: SS 1A), Jim Cushing, The University of Arizona, Saber Elaydi, Trinity University, Suzanne
Sindi, University of California, Merced, and Abdul-Aziz
Yakubu, Howard University.
Statistical and Geometrical Properties of Dynamical
Systems (Code: SS 6A), Joanna Furno and Matthew Nicol,
University of Houston, and Mariusz Urbanski, University
of North Texas.

Notices

Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: July 2018
Program first available on AMS website: August 16, 2018
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 39, Issue 3

Deadlines
For organizers: April 3, 2018
For abstracts: September 4, 2018
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Mihalis Dafermos, Princeton University, Title to be
announced.
Jonathan Hauenstein, University of Notre Dame, Title
to be announced.
Kathryn Mann, University of California Berkeley, Title
to be announced.
of the
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Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.
Commutative Algebra (Code: SS 3A), Alessandro De
Stefani, University of Nebraska–Lincoln, Paolo Mantero,
University of Arkansas, and Thomas Polstra, University
of Utah.
Partial Differential Equations in Several Complex Variables (Code: SS 2A), Phillip Harrington and Andrew Raich,
University of Arkansas.
Recent Advances in Mathematical Fluid Mechanics
(Code: SS 1A), Zachary Bradshaw, University of Arkansas.
Validation and Verification Strategies in Multiphysics
Problems (Code: SS 4A), Tulin Kaman, University of Arkansas.

Baltimore, Maryland
Baltimore Convention Center, Hilton Baltimore, and Baltimore Marriott Inner Harbor Hotel
January 16–19, 2019
Wednesday – Saturday

2. the title and a brief (two or three paragraph) description of the topic of the proposed special session;
3. a sample list of speakers whom the organizers plan
to invite. (It is not necessary to have received confirmed
commitments from these potential speakers.)
Organizers are encouraged to read in its entirety the AMS
Manual for Special Session Organizers at: www.ams.org/
meetings/meet-specialsessionmanual.
Proposals for AMS Special Sessions should be sent by
email to Prof. Weintraub (shw2@lehigh.edu) and must
be received by the deadline for organizers, April 1, 2018.
Late proposals will not be considered. No decisions will be
made on Special Session proposals until after the submission deadline has passed.
Special Sessions will in general be allotted between 5 and
10 hours in which to schedule speakers. To enable maximum movement of participants between sessions, organizers must schedule each speaker for either a 20-minute talk,
5-minute discussion, and 5-minute break; or a 45-minute
talk, 10-minute discussion, and 5-minute break. Any combination of 20-minute and 45-minute talks is permitted, but
all talks should begin and end at the scheduled time. The
number of Special Sessions on the AMS program at the Joint
Mathematics Meetings is limited, and not all proposals can
be accepted. Please be sure to submit as detailed a proposal
as possible for review by the Program Committee. We aim
to notify organizers whether their proposal has been accepted by May 1, 2018.

Auburn, Alabama

Meeting #1145
Joint Mathematics Meetings, including the 125th Annual
Meeting of the AMS, 102nd Annual Meeting of the Mathematical Association of America (MAA), annual meetings
of the Association for Women in Mathematics (AWM)and
the National Association of Mathematicians (NAM), and the
winter meeting of the Association of Symbolic Logic (ASL),
with sessions contributed by the Society for Industrial and
Applied Mathematics (SIAM).
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: October 2018
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Auburn University

Deadlines

Deadlines

For organizers: April 2, 2018
For abstracts: September 25, 2018

For organizers: August 15, 2018
For abstracts: January 29, 2019

March 15–17, 2019
Friday – Sunday

Meeting #1146
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: February 7, 2019
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Call for Proposals
Steven H. Weintraub, Associate Secretary responsible for
the AMS program at the 2019
Joint Mathematics Meetings (to be held from Wednesday, January 16 through Saturday, January 19, 2019, in
Baltimore, MD) solicits proposals for Special Sessions for
this meeting. Each proposal must include:
1. the name, affiliation, and email address of each organizer, with one organizer designated as the contact person
for all communication about the session;
April 2018
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Quy Nhon City,
Vietnam

Honolulu, Hawaii
University of Hawaii at Manoa
March 22–24, 2019

Quy Nhon University

Friday – Sunday

June 10–13, 2019

Meeting #1147
Central Section
Associate secretaries: Georgia Benkart & Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: February 7, 2019
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: May 15, 2018
For abstracts: January 29, 2019

Monday – Thursday

Meeting #1149
Associate secretary: Brian D. Boe
Announcement issue of Notices: Not applicable
Program first available on AMS website: Not applicable
Program issue of electronic Notices: Not applicable
Issue of Abstracts: To be announced

Deadlines

The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Barry Mazur, Harvard University, Title to be announced
(Einstein Public Lecture in Mathematics).
Aaron Naber, Northwestern University, Title to be announced.
Deanna Needell, University of California, Los Angeles,
Simple approaches to complicated data analysis.
Katherine Stange, University of Colorado, Boulder, Title
to be announced.
Andrew Suk, University of California, San Diego, Title
to be announced.

Hartford,
Connecticut
University of Connecticut Hartford (Hartford Regional Campus)

For organizers: To be announced
For abstracts: To be announced
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
internmtgs.html.

Invited Addresses
Henry Cohn, Microsoft Research, To be announced.
Robert Guralnick, University of Southern California,
To be announced.
Le Tuan Hoa, Hanoi Institute of Mathematics, To be
announced.
Nguyen Dong Yen, Hanoi Institute of Mathematics, To
be announced.
Zhiwei Yun, Massachusetts Institute of Technology,
To be announced.
Nguyen Tien Zung, Toulouse Mathematics Institute,
To be announced.

Madison, Wisconsin
University of Wisconsin–Madison
September 14–15, 2019

April 13–14, 2019

Saturday – Sunday

Saturday – Sunday

Meeting #1150

Meeting #1148
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: To be announced
Program first available on AMS website: February 13, 2019
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: To be announced
Program first available on AMS website: July 25, 2019
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines

Deadlines

For organizers: September 13, 2018
For abstracts: February 5, 2019

For organizers: February 14, 2019
For abstracts: July 16, 2019
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Binghamton, New
York

Deadlines
For organizers: April 9, 2019
For abstracts: September 10, 2019

Binghamton University

Denver, Colorado

October 12–13, 2019

Colorado Convention Center

Saturday – Sunday

January 15–18, 2020

Meeting #1151
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: March 12, 2019
For abstracts: To be announced

Gainesville, Florida
University of Florida
November 2–3, 2019

Wednesday – Saturday

Meeting #1154
Joint Mathematics Meetings, including the 126th Annual
Meeting of the AMS, 103rd Annual Meeting of the Mathematical Association of America (MAA), annual meetings
of the Association for Women in Mathematics (AWM) and
the National Association of Mathematicians (NAM), and the
winter meeting of the Association of Symbolic Logic (ASL),
with sessions contributed by the Society for Industrial and
Applied Mathematics (SIAM)
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: October 2019
Program first available on AMS website: November 1, 2019
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines

Saturday – Sunday

For organizers: April 1, 2019
For abstracts: To be announced

Meeting #1152
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: September 19,
2019
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Washington, District
of Columbia

Deadlines

January 6–9, 2021

For organizers: April 2, 2019
For abstracts: September 10, 2019

Wednesday – Saturday
Joint Mathematics Meetings, including the 127th Annual
Meeting of the AMS, 104th Annual Meeting of the Mathematical Association of America (MAA), annual meetings
of the Association for Women in Mathematics (AWM) and
the National Association of Mathematicians (NAM), and the
winter meeting of the Association of Symbolic Logic (ASL),
with sessions contributed by the Society for Industrial and
Applied Mathematics (SIAM).
Associate secretary: Brian D. Boe
Announcement issue of Notices: October 2020
Program first available on AMS website: November 1, 2020
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Riverside, California
University of California, Riverside
November 9–10, 2019
Saturday – Sunday

Meeting #1153
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced
April 2018

Notices
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Deadlines
For organizers: April 1, 2020
For abstracts: To be announced
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Grenoble, France
Université Grenoble Alpes
July 5–9, 2021
Monday – Friday
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: To be announced

Seattle, Washington
Washington State Convention Center and
the Sheraton Seattle Hotel
January 5–8, 2022
Wednesday – Saturday
Associate secretary: Georgia Benkart
Announcement issue of Notices: October 2021
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: April 1, 2021
For abstracts: To be announced

Boston,
Massachusetts
John B. Hynes Veterans Memorial Convention Center, Boston Marriott Hotel, and
Boston Sheraton Hotel
January 4–7, 2023
Wednesday – Saturday
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: October 2022
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: April 1, 2022
For abstracts: To be announced
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Dis-playing the
Game of Thrones
Who is the real hero of the television series Game of Thrones and book series
A Song of Ice and Fire? To help answer this, mathematicians used network science
(applied graph theory) to analyze and create a pictorial representation of the third
book’s characters and the connections among them. They then looked at different
measures of importance—in graph theory terms, centrality—and Tyrion Lannister
emerged as the leader in all but one of the measures. The answer may not be
resolved for the entire series, but one thing is clear: Thinking about Game of Thrones
is a lot safer than playing it!

Andrew Beveridge,
Macalester College

The researchers constructed this network
by first gathering data based on
the proximity of characters’
names in the text of the
book. Probability, combinatorics, and numerical
approximation were
used to detect groupings among characters,
and the algorithm
successfully identified seven logical and
coherent communities
without any prompts
or hints. The resulting
network, despite being
Image:
based on fiction, shares
Andrew
many characteristics with
Beveridge,
courtesy of
real-world
networks, such as a
the Mathematical
small number of people playing an
Association of America.
outsized role in the network. Discovering
this information is nice, but network and graph theory have many other applications
of greater significance, such as understanding the flow of information and modeling
the spread of disease.
For More Information: “Network of Thrones,” Andrew Beveridge and Jie Shan, Math
Horizons, April 2016.
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The Mathematical Moments program promotes
appreciation and understanding of the role mathematics
plays in science, nature, technology, and human culture.

www.a ms.org/mathmoments

Trimming Taxiing Time
It’s hard to choose which part of air travel is the most fun— body scans, removing
your shoes, fighting for the armrest, middle seats—but waiting on the runway is a
worthy candidate. Controllers often let jets leave the gate when ready, regardless of
existing runway lines, which can lead to long waits. Mathematical models that rely
on probability and dynamic programming estimate travel time to the runway and
wait time on the runway, allowing controllers to see the effect that the different
options open to them have on flights’ departure times. In tests at different airports
the models have demonstrated the ability to shorten runway wait times, which
reduces congestion and saves tons of fuel.

Hamsa Balakrishnan,
MIT

The models are very accurate: always predicting the number of aircraft in runway
queues to within two. And despite their complexity (they involve many variables,
such as weather conditions and runway configuration), the models also are very
quick: controllers can get real-time updates on anticipated queues every 15 minutes.
The models aren’t yet in use everywhere, but they may be soon because with an air
system that is expected to be stretched to capacity in about five years, analysts say
that managing departures is a good way to improve airport and airline efficiency.
For More Information: “A Queuing Model of the Airport Departure Process,”
Transportation Science, Ioannis Simaiakis and Hamsa Balakrishnan, Vol. 50, No. 1 (2015).

Listen Up!

making a

difference

The Mathematical Moments program promotes
appreciation and understanding of the role mathematics
plays in science, nature, technology, and human culture.

www.a ms.org/mathmoments

Making Art Work
Great art looks good no matter where you’re standing, but for art with perspective
there’s a special point where your view of the scene will match that of the artist. He
or she uses geometry to maintain perspective, while the rest of us can use algebra
and geometry to find exactly where to stand so that the flat image on the twodimensional surface expands into the three-dimensional world of the artist. For this
printout, unfortunately, your eye needs to be an uncomfortable three inches away
from the red dot. This helps explain why art looks better in museums than in books
and why large-screen movie theaters are so popular.
Thinking about perspective led to projective
geometry, in which
“parallel” lines meet
“at infinity”. That may
sound strange, but ideas
from projective geometry are useful in art,
computer vision, and in
determining where the
camera was for a given
photo. Perhaps even
stranger but remarkable:
Theorems in projective
planes remain true when
two of the most fundamental ideas, point and
line, are interchanged.

Annalisa Crannell,
Franklin & Marshall College

For More Information:
Viewpoints: Mathematical
Perspective and Fractal
Geometry in Art, Marc Frantz
and Annalisa Crannell, 2011.

Image St. Jerome in His Study, by Albrecht Dürer.
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The Mathematical Moments program promotes
appreciation and understanding of the role mathematics
plays in science, nature, technology, and human culture.

www.a ms.org/mathmoments

Explaining Rainbows
Even without a pot of gold at the end, rainbows are still pretty fascinating. The
details of how they form are fascinating, too. Light is refracted upon entering and
exiting raindrops, and reflected within raindrops, sometimes more than once. The
angle of refraction and thus the position of the rainbow—not a fixed place but at
an angle of elevation of about 42 degrees from the line connecting your eye to your
head’s shadow—can be figured out using trigonometry. Because different colors
of light have different wavelengths, they are refracted at different angles, which
produces a rainbow (or two).

John Adam, Old Dominion
University

If you look closely, you’ll see lighter colors inside the inner violet band (inset), which
appear because of the interference of light waves, with some waves reinforcing each
other. The explanation for these bands isn’t obvious and they weren’t accounted
for in early theories about rainbows. Proving that these lighter bands should appear
required the wave theory of light and their precise description involved an integral,
(the Airy integral) that was numerically evaluated using infinite series. Curiosity
about rainbows has led to many other discoveries in mathematics and physics,
including “rainbows” formed by scattered atoms and nuclei.
For More Information: The Rainbow Bridge: Rainbows in Art, Myth, and Science, Raymond L.
Lee, Jr. and Alistair B. Frasier, 2001.
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Image: Eric Rolph at English Wikipedia
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The Mathematical Moments program promotes
appreciation and understanding of the role mathematics
plays in science, nature, technology, and human culture.
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Maintaining a Balance
Tipping points are important—and well-named—features of many complex
systems, including financial and ecological systems. At a tipping point, a small change
in conditions in the system can result in drastic changes overall (just as a small
change in the weight of one end of a see-saw can reverse positions). Most such
systems are studied using mathematical models based on collections of differential equations. The variables in the equations are related, leading to feedback in the
system and potentially substantial changes, such as economic collapse. Research is
now being done to recognize tipping points in hopes that something can be done
before it is too late.

Daniel Rothman, MIT

Some catastrophic changes have
occurred when Earth’s natural
systems have been disrupted.
One happened over 200 million
years ago when more than 90%
of the planet’s species became
extinct. Mathematics helped in
the formulation of a new theory
for the cause of the die-off: a
methane-producing microbe
that thrived on nickel produced
by active volcanoes in Siberia.
Faster-than-exponential growth in
carbon levels at the time pointed
to a biological trigger, and computational genomics showed that
that strain of microbe came into
existence at about the same time
as the extinctions. This is a case in
which a tipping point was in fact
about the size of a point.
For More Information: “Climate,
Past, Present, and Future ,” Dana
Mackenzie, What’s Happening in the
Mathematical Sciences, Vol. 10, 2015.
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Farming Better
Farming, not an easy job in the first place, now requires more analytics and
technology to meet the increasing demand for food. In one case, in California,
mathematicians, hydrologists, and farmers met to design a plan that would minimize
water used for crops but still make a profit for the farmers and meet consumer
demand. The mathematical model that was created incorporated data such as plant
growth properties and water requirements of different crops to identify which
ones to plant, the best time to plant them, and which areas to leave unplanted. The
farmers were happy to use their own resources and those of the community wisely,
while the mathematicians were happy to work with experts in the field.
The application of math and high-tech approaches to farming is called precision
agriculture. It involves collecting much more data than before, such as the weight
of each hen in a chicken coop, and using models to find the best course of action
to remedy any deficiencies in the production process. One aspect of farming that
has become more efficient as a result is the use of fertilizer. Using GPS-equipped
machines that sample the soil, farmers know exactly where more fertilizer is
needed, thus overcoming the natural tendency to over-fertilize. As a result, more
food
is grown and less
fertilizer is wasted,
which means fewer
nitrates in watershed
run-off.
For More
Information:
“A Role for Modeling,
Simulation, and
Optimization in an
Agricultural Water
Crisis,” Eleanor Jenkins
and Kathleen Fowler,
SIAM News, December
2014.
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The Mathematical Moments program promotes
appreciation and understanding of the role mathematics
plays in science, nature, technology, and human culture.

www.a ms.org/mathmoments

See over 100 Mathematical Moments, hear people talk about how they use
math on the job in the modern world, and read translations in 13 languages at

www.ams.org/mathmoments
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THE BACK PAGE
The April 2018 Caption Contest:

J. P. Rooney, who receives our book award.

What’s the Caption?

Photo by Peter Mercer.

Photographed and submitted by Annalisa M. Calini.

The January Contest Winner Is...

Submit your entry to captions@ams.org
by April 25. The winning entry will be
posted here in the June/July 2018 issue.

Laundry Service at Hilbert's Hotel

In reference to the winning caption above, Mason Porter reports that some
microwave ovens have a "chaos" defrost setting and actual chaotic dynamics
are involved; see bit.ly/2EagzT7.

Ethan Brown (17) @SweatyPNews used magic squares skills to win $50,000 on the
Superhuman TV show.
www.gathering4gardner.org/ethan-browns-superhuman-success.

Submitted by Colm Mulcahy

QUESTIONABLE MATHEMATICS, from Star Trek:
KIRK: Gentlemen, this computer has an auditory sensor. It can, in effect, hear sounds. By installing
a booster, we can increase that capability on the order of one to the fourth power. The computer
should bring us every sound occurring on the ship...

QUESTIONABLE MATHEMATICS
With knowledge of computers still in its infancy, in 1952 he wrote the first program to factor a large
prime number.

—The New York Times Obituaries, February 9, 1995
Contributed by Shrisha Rao

What crazy things happen to you? Readers are invited to submit original short amusing stories, math jokes,
cartoons, and other material to: noti-backpage@ams.org.
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Interview with 2017 Abel Laureate
Yves Meyer

Towards Embracing Diverse
Mathematical Communities

MAA Press titles are
now available through
the AMS Bookstore!

Visit bookstore.ams.org/maa-press-browse to learn more.

American Mathematical Society
Distribution Center
35 Monticello Place,
Pawtucket, RI 02861 USA

AVAILABLE IN EBOOK FORMAT

New
titles

GRADUATE STUDIES
IN MAT H EMAT ICS

188

Introduction
to Algebraic
Geometry
Steven Dale Cutkosky

Introduction to
Algebraic Geometry

Steven Dale Cutkosky, University of Missouri,
Columbia

This readable and accessible introductory course
in algebraic geometry features most of the fundamental classical results presented with complete
proofs and places an emphasis on connections
between geometric and algebraic
aspects of the theory.
NO NOT USE
Graduate Studies in Mathematics, Volume 188; 2018; 488 pages; Hardcover; ISBN:
AVAILABLE
IN EBOOK
FORMAT Order code GSM/188
978-1-4704-3518-9; List US$83;
AMS members
US$66.40;

Available for Pre-order

AVAILABLE IN EBOOK FORMAT
AVAILABLE IN EBOOK FORMAT

Proceedings of Symposia in

PURE M ATHEMATICS
Volume 97, Part 1

Algebraic Geometry:
Salt Lake City 2015
Tomasso de Fernex
Brendan Hassett
Mircea Mustaţă
Martin Olsson
Mihnea Popa
Richard Thomas
Editors

Proceedings of Symposia in

AVAILABLE IN
EBOOK FORMAT

Algebraic Geometry: Salt Lake City
AVAILABLE IN
2015 (Parts 1 and 2)
EBOOK FORMAT
Tommaso de Fernex, University of Utah, Salt Lake
City, Brendan Hassett, Brown University, Providence,
RI, Mircea Mustaţă, University of Michigan, Ann
Arbor, Martin Olsson, University of California,
Berkeley, Mihnea Popa, Northwestern University,
Evanston, IL, and Richard Thomas, Imperial College
of London, United Kingdom, Editors

AVAILABLE IN EBOOK FORMAT

AMS / MAA Press

An Open Door to
Number Theory

AVAILABLE IN
EBOOK FORMAT

Duff Campbell, Hendrix College, Conway, AR
Using a geometric and intuitive approach, this
well-written, inviting textbook is designed for a
one-semester, junior-level course in elementary
number theory and will prepare its readers for a
second-semester course focusing on algebraic number theory.
MAA Textbooks, Volume 39; 2018; approximately 290 pages; Hardcover; ISBN: 9781-4704-4348-1; List US$60; Individual member US$45; Order codeAVAILABLE
TEXT/39 IN EBOOK FORMAT

PURE M ATHEMATICS

The most recent Summer Institute in Algebraic
Geometry was held July 2015 at the University
of Utah in Salt Lake City, sponsored by the AMS
with the collaboration of the Clay Mathematics
Institute. These volumes include surveys growing
out of plenary lectures and seminar talks during
the meeting. Some present a broad overview of
their topics, while others develop a distinctive
perspective on an emerging topic.
Volume 97, Part 2

Algebraic Geometry:
Salt Lake City 2015
Tomasso de Fernex
Brendan Hassett
Mircea Mustaţă
Martin Olsson
Mihnea Popa
Richard Thomas
Editors

An Experimental Introduction
AVAILABLE IN
to Number Theory
EBOOK FORMAT
Benjamin Hutz, Saint Louis University, MO

This book presents material suitable for an undergraduate course in elementary number theory
from a computational perspective, seeking to not
only introduce students to the standard topics in
elementary number theory, but also to develop
Part 1: Proceedings of Symposia in Pure Mathematics, Volume 97; 2018; approximately 656 pages; Hardcover; ISBN: 978-1-4704-3577-6; Order code PSPUM/97.1 NO NOT USEtheir ability to formulate and test precise conjectures from experiPart 2: Proceedings of Symposia in Pure Mathematics, Volume 97; 2018; approxidata.
AVAILABLE IN mental
EBOOK FORMAT
mately 641 pages; Hardcover; ISBN: 978-1-4704-3578-3; Order code PSPUM/97.2
Pure and Applied Undergraduate Texts, Volume 31; 2018; 376 pages; Hardcover;
Set: Proceedings of Symposia in Pure Mathematics, Volume 97; 2018; approximateList US$79; AMS members US$63.20; Order code
ly 1298 pages; Hardcover; ISBN: 978-1-4704-4667-3; List US$249; AMS members
AVAILABLE IN ISBN:
EBOOK978-1-4704-3097-9;
FORMAT
AMSTEXT/31
US$199.20; Order code PSPUM/97
AVAILABLE IN EBOOK FORMAT

= Textbook

AVAILABLE IN
= Available
in eBook
EBOOK
FORMAT

Discover more titles at bookstore.ams.org
Format

Are you an AMS member?
Receive FREE SHIPPING
on all of your orders.

facebook.com/amermathsoc
@amermathsoc
plus.google.com/+AmsOrg

