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Gauge Invariance of Degenerate
Riemannian Metrics
Alice Barbara Tumpach
Introduction
Having applications to Form recognition in mind, we
want to be able to compare shapes of surfaces in ℝ3 in
a way that does not depend on parameterizations. To
accomplish such so-called gauge invariance, we deﬁned
a metric on the space of parameterized surfaces that is
degenerate in the direction of reparameterization. 1
What are the surfaces under consideration? The surfaces we will consider in this note are surfaces which are
diﬀeomorphic to the unit sphere. In other words, the unit
sphere will be our model surface, and the surfaces we will
consider will be those that can be modeled out of it. To
be mathematically precise, these are orientable genus-0
smooth compact surfaces or, equivalently, orientable 2dimensional compact simply connected submanifolds of
ℝ3 and will be called spherical surfaces in this note.
How is the unit sphere represented? The good thing
about the unit sphere is that only one chart suﬃces
to cover it almost completely. We will use spherical
coordinates, with polar angle 𝜃 being greater than 0
(North Pole) and less than 𝜋 (South Pole) and azimuthal
angle 𝜙 being greater than or equal to 0 (Greenwich prime
meridian) and less than 2𝜋 (Greenwich prime meridian
again); see Figure 1.

Figure 2. Parameterization of the sphere and of a
hand.
What is a parameterization? What we mean mathematically by a parameterization of a spherical surface is a
diﬀeomorphism from the unit sphere to this surface.
In practice, however, we will need a discrete version
of this notion: it will be a well-behaved mapping from
𝑛 × 𝑝 grid points on the sphere to 𝑛 × 𝑝 points in ℝ3 .
The distinction is that we will never have a formula for
the diﬀeomorphism, but just the values taken by the
diﬀeomorphism on the vertices of a spherical grid. In
order to be able to speak to a computer, we will label
the vertices of our favorite spherical grid (for instance,
the one given by uniformly placed points on a 2𝜋-by-𝜋
rectangle using spherical coordinates; see Figure 2) using
two indices ranging from 1 to 𝑛 for the latitudes and
from 1 to 𝑝 for the longitudes. A computer version of
a parameterization is now a 3-sheeted (𝑛, 𝑝)-matrix, one
sheet for each coordinate 𝑥, 𝑦 and 𝑧 of ℝ3 , containing the
coordinates 𝑥𝑖𝑗 , 𝑦𝑖𝑗 and 𝑧𝑖𝑗 of the ℝ3 -point associated to
the spherical point with indices (𝑖, 𝑗).

Figure 1. Spherical coordinates.

Figure 3. Some triangulated surfaces from the Tosca
dataset and their parameterized versions.

A. B. Tumpach is associate professor of mathematics at the University Lille 1, France, and member of the Laboratoire Painlevé
(Lille 1/CNRS UMR 8524) since 2007. Her email address is
Barbara.Tumpach@math.univ-lille1.fr.

How is a surface parameterized? Usually the surfaces
we would like to compare do not come with a formula.
These are objects of real life, and, unlike the sphere, it
may be diﬃcult to make them ﬁt some equations. A 3Dscanner may help give a triangulation of the surfaces we
are interested in (i.e. a set of vertices and edges), but it is
still a lot of work to build a parameterization out of it. The
surfaces used in this paper come from the dataset Tosca
(tosca.cs.technion.ac.il/book/resources_data.

1

This note is based on joint work [1] of the author with H. Drira,
M. Daoudi, and A. Srivastava.
For permission to reprint this article, please contact: reprintpermission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1350
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Figure 4. A vector ﬁeld on the sphere (upper left), and a path of diﬀeomorphisms having this vector ﬁeld as
velocity at 𝑡 = 0 (5 other spheres). Bottom line: action of this path of diﬀeomorphisms on a cat and
corresponding vector ﬁeld.
html), containing triangulated surfaces parameterized by
H. Laga in [2] (see Figure 3).
How can one visualize a diﬀeomorphism? One can think
of a diﬀeomorphism of the sphere as a bijection from
the sphere to itself mapping smooth curves to smooth
curves, tangent spaces to tangent spaces. To visualize a
diﬀeomorphism, one can draw a grid on the sphere and
look at how the diﬀeomorphism moves the grid points.
The inﬁnitesimal version of a smooth diﬀeomorphism is
a smooth vector ﬁeld: at each surface point there is a
velocity vector attached which says in which direction and
with which amplitude the point has to move. In fact, the set
of all smooth (orientation-preserving) diﬀeomorphisms
of the unit sphere, denoted by Diff+ (𝕊2 ), forms a (Fréchet)
manifold whose tangent space at the identity map is the
space of smooth vector ﬁelds. Moreover, this manifold
structure is compatible with the group operation given
by the composition law, making Diff+ (𝕊2 ) into a Fréchet
Lie group. In the upper line of Figure 4, we have depicted
a path of diﬀeomorphisms starting at the identity map
and the corresponding velocity vector ﬁeld at 𝑡 = 0. To
generate this picture, we used the following family of
Möbius transformations :
𝑎(𝑡) 𝑏(𝑡)
0.5
𝜙(𝑡) = exp 𝑡 ( −0.05
0.5 0.05 ) = ( 𝑐(𝑡) 𝑑(𝑡) ) ,

where the unit sphere is identiﬁed with ℂ ∪ {∞} under the
stereographic projection (see Figure 5) and where 𝜙(𝑡)
acts on ℂ ∪ {∞} by
𝑧↦

𝑎(𝑡)𝑧 + 𝑏(𝑡)
.
𝑐(𝑡)𝑧 + 𝑑(𝑡)

Note that these diﬀeomorphisms do not preserve the
North and South Poles, hence do not preserve the chart
given by the spherical coordinates.
How does a diﬀeomorphism act on a spherical surface?
Given a parameterization of a spherical surface, any
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Figure 5. Stereographic projection and Möbius
transformation.
diﬀeomorphism of this surface can be obtained by precomposing the parameterization by a diﬀeomorphism of
the sphere. In this sense, the group of diﬀeomorphisms
Diff+ (𝕊2 ) acts on a parameterized surface by changing its
parameterization. Recall, however, that we do not have
an explicit formula for the parameterization of most of
the surfaces we are interested in, but only the values of
the parameterization at some grid points. We therefore
need to use some interpolation function (we used the
MATLAB™ function interp2) in order to approximate
the values of the parameterization on the spherical grid
obtained after applying a diﬀeomorphism on the sphere.
In the bottom line of Figure 4, we have depicted the
path of diﬀeomorphisms of a jumping cat obtained by
precomposing our initial parameterization by the path of
diﬀeomorphisms of the sphere illustrated in the upper
line of Figure 4.
Is there a preferred parameterization of a spherical surface? Yes, there is. Note that the surfaces we are
considering are sitting in the Euclidean ambient 3-
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Figure 6. Rotational alignment: two hands before and after the alignment (right column). Each hand is
approximated by an ellipsoid (ﬁrst 2 columns from the left). The rotation used takes the axes of one ellipsoid
to the axes of the other (middle column).
dimensional space. It follows that each tangent space
at a given point of a spherical surface (for example, at
the tip of the middle ﬁnger depicted in Figure 7) can
be identiﬁed with a 2-dimensional vector subspace of
ℝ3 to which the Euclidean scalar product of ℝ3 can be
restricted. The smoothness of the surface then ensures
that these 2-dimensional scalar products on the tangent
spaces vary smoothly along the surface, deﬁning what
is called a Riemannian metric on the surface. It follows
that on a spherical surface one is able to measure angles between two tangent vectors anchored at the same
surface point: this angle is exactly the angle between
these tangent vectors seen as vectors in ℝ3 (see Figure 7).
One can also measure distance, in the same way we are
measuring distances on Earth, by measuring the shortest
path drawn on Earth’s surface (and not inside!) joining
two given points. In this context, saying that a spherical
surface is orientable means exactly that one can deﬁne
on the surface a unit normal vector ﬁeld pointing outside
the surface. This is enough to ensure that the surface is
naturally endowed with a complex structure, the complex
structure in a given tangent space being nothing but
the rotation of Euclidean angle +𝜋/2 around the normal
(the orientability helps deﬁne the direction of rotation in
a coherent way; see Figure 7). In other words, the surfaces we are considering are Riemann surfaces. Since they
are compact and simply connected, the uniformization
theorem says that they are conformally equivalent to the
unit sphere. This means that, given a spherical surface,
there exists a homeomorphism, called the uniformization
map, which preserves the angles and transforms the unit
sphere into the surface. In particular, the uniformization
map transforms the coordinate grid into a grid that also
has the property of orthogonal intersections (for the
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orthogonality of vectors in ℝ3 ). Note that the parameterization of the hand given in Figure 2 is not conformal,
since it does not preserve the orthogonality of the grid. In
fact, given a spherical surface, there are many conformal
maps from the unit sphere to it, as many as elements in
𝑃𝑆𝐿(2, ℂ). This may sound like a lot, since there are inﬁnitely many complex 2-by-2-matrices with determinant
1 (and the 𝑃 in 𝑃𝑆𝐿(2, ℂ) divides only this amount by
2), but 𝑃𝑆𝐿(2, ℂ) is just a 3-dimensional complex Lie

Figure 7. Scalar product on the tangent plan to the tip
of the middle ﬁnger of a hand, and shortest path from
the tip of the index ﬁnger to the tip of the thumb.
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group, as opposed to the inﬁnite-dimensional Fréchet Lie
group Diff+ (𝕊2 ). Hence, to the question if there exists
a preferred parameterization of a spherical surface, a
geometer will answer: Yes, modulo 𝑃𝑆𝐿(2, ℂ), there is a
unique one.
So why not use this preferred parameterization? Because it is hard to implement…

it returns the ellipsoid itself. We expect also that if we
change the parameterization of the surface, the ellipsoid’s
shape does not change. To fulﬁll both conditions, we will
need the second moments of the surface deﬁned as the
following integral over the enclosed volume:

Shape Analysis

The resulting matrix is a symmetric real matrix, hence can
be diagonalized in an orthonormal basis. Its eigenvectors
deﬁne the rotation we are looking for (more precisely,
its inverse). To illustrate the robustness of the approximating ellipsoid under reparameterization, we show in
Figure 8 diﬀerent parameterizations of a cat (middle)
obtained by precomposing a given parameterization by a
diﬀeomorphism of the sphere (bottom) and the resulting
ellipsoid (top).
How are the ﬁrst and second moments of a surface computed? Recall that, given a spherical surface, we do not
have any formula for a parameterization of it. Moreover,
we have only a ﬁnite number of points on the surface. The
integration procedure is therefore replaced by the sum
over the oriented tetrahedra deﬁned by two edges on the
surface and a surface point (see Figure 11). Recall that the
volume of a tetrahedron built on three vectors, 𝑣1 , 𝑣2 and
𝑣3 , reads 16 det(𝑣1 , 𝑣2 , 𝑣3 ). It is important to keep track of
the orientation of the surface (in Figure 11, the volume
of the red tetrahedron comes with a + sign, whereas the
volume of the blue one comes with a − sign). The value
of the integral of a polynomial function on a tetrahedron
can be expressed (exactly) using just the values taken
by the polynomial at a ﬁnite number of points on the
tetrahedron. For instance, the integral of 𝑥2 over the tetrahedron with vertices 0, 𝑣1 = (𝑥1 , 𝑦1 , 𝑧1 ), 𝑣2 = (𝑥2 , 𝑦2 , 𝑧2 ),
and 𝑣3 = (𝑥3 , 𝑦3 , 𝑧3 ) is the volume of the tetrahedron
1
× [(𝑥1 + 𝑥2 )2 + (𝑥2 + 𝑥3 )2 + (𝑥1 + 𝑥3 )2 ].
multiplied by 20

3

If we want to compare shapes in ℝ , the ﬁrst thing to
do is to state clearly what is relevant in the shape and
what is not. Depending on our situation, one may, for
instance, think of a shape as a surface modulo rotation
and/or modulo translation and/or modulo scaling. Before
comparing two surfaces, one may therefore want to align
them properly ﬁrst and do so in a way that does not
depend on the parameterizations. In the next section we
explain how the ﬁrst and second moments of the surface
can help us do that. In the section “Fiber Bundle Structure
of Preshape Space” we explain the ﬁber bundle structure
of the space of parameterized spherical surfaces. In the
section “Characterization of a Shape”, we will explain what
characterizes a shape. In the section “Gauge Invariance
and Riemannian Metrics”, we will use this characterization
to deﬁne a Riemannian metric on the space of shapes and,
using the section “Fiber Bundle Structure of Preshape
Space”, implement it in a way that is independent of the
parameterizations (the reader interested in implementing
this section can consult [1], where precise algorithms are
given).
Alignment of Two Surfaces
In most situations it makes sense to think of our spherical
surfaces as boundaries of 3D-volumes (the surface of a cat
has a meaning for us, precisely because it encloses a cat). In
order to scale a given surface, we will therefore compute
the enclosed volume 𝑉 and divide each coordinate of
surface points by 𝑉1/3 . Accordingly, to center a surface,
we will compute the center of mass of the enclosed
volume and substract it from the coordinates of surface
points. The center of mass, whose coordinates are the
ﬁrst moments of the surface, is deﬁned by the following
integral over the enclosed volume:
𝑥

𝐶 = ∫ ( 𝑦𝑧 ) dVol.
In order to rotationally align our spherical surface, we will
compute the best ellipsoid that approximates the enclosed
volume and apply to the surface points the rotation that
maps the axes of the ellipsoid (with decreasing lengths)
to the reference axes. This rotation is uniquely deﬁned if
the approximating ellipsoid is triaxial (i.e. the lengths of
its principal axes are distinct). As an example, Figure 6
shows two hands that have diﬀerent orientations in
space, the corresponding ellipsoids, and the hands after
rotation (with a gap to separate them in order to facilitate
visualization).
What is the best ellipsoid that approximates a surface?
What we expect from the approximation of a surface by an
ellipsoid is at least that if we start with an ellipsoid, then
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𝑥2 𝑥𝑦 𝑥𝑧
𝑦𝑧 ) dVol.
𝑥𝑧 𝑥𝑦 𝑧2

𝑀 = ∫ ( 𝑥𝑦 𝑦2

Fiber Bundle Structure of Preshape Space
In the introduction we stressed the distinction between
the set of all (aligned) parameterized spherical surfaces,
called preshape space, and the set of all (aligned) spherical surfaces, called shape space. Recall that the group
Diff+ (𝕊2 ) of (orientation-preserving) diﬀeomorphisms of
the unit sphere acts on the preshape space simply by
reparameterization. It is noteworthy that two parameterized surfaces correspond to the same surface if and only
if one can precompose the ﬁrst parameterization by a
diﬀeomorphism of the sphere to obtain the second parameterization. One can therefore put an equivalence relation
on the preshape space by saying that two parameterized
surfaces are equivalent if and only if they can by related
by an element of the group Diff+ (𝕊2 ), i.e. if and only if
they represent the same surface. The equivalence classes
are also called the orbits of the group Diff+ (𝕊2 ) acting
on preshape space. Note that two distinct orbits do not
intersect; therefore the set of orbits ﬁbers the preshape
space in a nice way. There is a one-to-one correspondence
between the set of orbits and the shape space. One says
that the shape space is the quotient space of the preshape
space by the action of the group of diﬀeomorphisms
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Figure 8. Robustness of the approximating ellipsoid of a surface with respect to reparameterizations.

Figure 9. Two paths in preshape space with the same sequence of shapes but with diﬀerent parameterizations
of the corresponding shapes.

Figure 10. Decomposition of a vector ﬁeld on the cat (green) into a vector ﬁeld orthogonal to the cat (black) and
a vector ﬁeld tangent to the cat (red).

of the sphere. In Figure 9 we have illustrated this ﬁber

elements in the shape space (no parameterization), and

bundle structure: the blue surfaces in the bottom line are

the vertical lines above them symbolize the correspond-
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Figure 11. Integration over a triangulated surface.

ing ﬁbers in preshape space. Two elements in each ﬁber
are depicted; for instance, in the ﬁrst left ﬁber one can see
two parameterized horses that correspond to the same
shape.
The preshape space is a smooth (Fréchet) manifold,
meaning that locally it looks like a vector space, in the
same sense that the earth looks locally like a plane. In
fact, the preshape space is an open set in the vector
space 𝒞∞ (𝕊2 , ℝ3 ) of smooth maps from the unit sphere
into ℝ3 . Moreover, the ﬁber bundle structure described
above is a smooth one, meaning in particular that the
tangent space at some preshape point (which can be
identiﬁed with 𝒞∞ (𝕊2 , ℝ3 ) itself) can be decomposed into
the tangent space to the ﬁber passing through this point
and some complement. Since we are dealing with surfaces
embedded in ℝ3 , there is a natural complement to the
tangent space of the ﬁbers (in mathematical terminology,
there is a natural connection on this ﬁber bundle). Indeed,
let us describe the tangent space of the ﬁber at some
preshape point, for instance at the parameterization of
the cat depicted in Figure 4. By deﬁnition, a tangent
vector to the ﬁber passing through this parameterized cat
is the velocity vector at 𝑡 = 0 of a smooth curve drawn
in the ﬁber whose initial point at 𝑡 = 0 is precisely the
parameterized cat we are considering. Such a smooth
curve is depicted in the bottom line of Figure 4 and is
obtained by the action on the parameterized cat of a
smooth curve in the diﬀeomorphism group of 𝕊2 starting
at the identity (upper line of Figure 4). Hence the tangent
space to the ﬁber passing through the parameterized cat
is the space of tangent vector ﬁelds to the surface of
the cat. A natural complement to this tangent space in
𝒞∞ (𝕊2 , ℝ3 ) (which can be identiﬁed with the space of ℝ3 valued vector ﬁelds on the cat using the parameterization
at hand) is the space of vector ﬁelds which are orthogonal
to the surface of the cat for the scalar product of the
Euclidean space ℝ3 . In Figure 10 we have depicted the
decomposition of an element in 𝒞∞ (𝕊2 , ℝ3 ) into the sum
of a vector ﬁeld tangent to the cat and a vector ﬁeld
orthogonal to the cat.
Characterization of a Shape
If we want to compare shapes, as opposed to parameterized surfaces, one has to understand what is characteristic
of the shape, i.e. what is independent of the parameterization. Recall that on a spherical surface one can measure
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distances and angles just because the surface is sitting
in the Euclidean 3-dimensional space. This is encoded by
the Riemannian metric on the spherical surface obtained
by restricting the Euclidean metric of ℝ3 and is called
the ﬁrst fundamental form of the surface. The second
fundamental form is encoding how the surface is embedded into ℝ3 . The shape operator is deﬁned using the
ﬁrst and second fundamental forms and tells us how
the surface is bent in ℝ3 . The shape operator is related
to the diﬀerential of the normal vector ﬁeld seen as an
application, called the Gauss map, from the surface into
the unit sphere, assigning to each point of the surface the
unit normal vector to the surface at this point (identiﬁed
with an element of the unit sphere). The eigenvalues
of the shape operator at a given point, called principal
curvatures, are the minimal and maximal curvatures that
a curve, obtained as the intersection of a plane containing
the normal at this point with the surface, can have. For
instance, the principal curvatures at any point of a plane
are both 0, whereas the principal curvatures at any point
of a sphere of radius 𝑅 are both 1/𝑅. It is a remarkable
fact observed by Gauss that the product of the principal
curvatures (called Gauss curvature nowadays) depends
only on the ﬁrst fundamental form (Theorema Egregium).
The half sum of the principal curvatures is the mean
curvature and is what is relevant in the formation of soap
ﬁlms.
How is the curvature at some surface point computed?
To compute the principal curvatures 𝜅1 and 𝜅2 at a given
point of a surface, e.g. at the tip of the index ﬁnger of
the hand depicted in Figure 12, we ﬁrst compute the
normal at this point by averaging the normals of the
facets having this point as vertex. A tangent plane is then
deﬁned as the plane orthogonal to the normal passing
through the point under consideration. A neighborhood
of the point is isolated from the surface (we use a 3neighborhood; see second drawing in Figure 12). We then
apply a rigid transformation to center the point at the
origin and to align the tangent plane with the 𝑥𝑦-plane
(see third drawing,and a closeup in the fourth drawing).
After that, we compute the second-order polynomial
𝑃(𝑥, 𝑦) = 𝑎1 𝑥2 + 𝑎2 𝑦2 + 𝑎3 𝑥𝑦 + 𝑎4 𝑥 + 𝑎5 𝑦 + 𝑎6 , which
minimizes the sum ∑𝑖 (𝑧𝑖 − 𝑃(𝑥𝑖 , 𝑦𝑖 ))2 over the points of
the centered and rotated neighborhood. Then, the Gauss
curvature at that point is approximated by 𝐾 = 4𝑎1 𝑎2 −𝑎32 ,
the mean curvature by 𝐻 = 𝑎1 + 𝑎2 , and the principal
curvatures by 𝜅1 = 𝑎1 + 𝑎2 + √((𝑎1 − 𝑎2 )2 + 𝑎32 ) and 𝜅2 =
𝑎1 + 𝑎2 − √((𝑎1 − 𝑎2 )2 + 𝑎32 ).
What characterizes a spherical surface? It follows from
the fundamental theorem of surface theory that two
parameterized (smooth) surfaces 𝑓1 and 𝑓2 having the
same ﬁrst and second fundamental forms diﬀer at most
by a translation and a rotation. Therefore, in order to
characterize an aligned surface, one can use its ﬁrst and
second fundamental forms or, better, its ﬁrst fundamental
form 𝑔 and its Gauss map 𝑛.
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Figure 12. From left to right: A hand with the tangent plane and normal at the tip of the index ﬁnger,
3-neighborhood of the tip of the index ﬁnger, tip of the index ﬁnger after rotation, a closeup, approximating
second-order polynomial.

Gauge Invariance and Riemannian Metrics
Elastic Riemannian Metric
Recall that a Riemannian metric on a manifold is a
collection of scalar products on the tangent spaces to
the manifold, which vary smoothly when one travels
along the manifold. In the Introduction, we have seen that
the spherical surfaces are naturally Riemannian manifolds
when endowed with the restriction of the Euclidean metric
of ℝ3 . Here we are talking about the same mathematical
notion of Riemannian manifold but on a higher level of
abstraction: indeed our manifold is now the set of all
parameterized spherical surfaces, called preshape space,
and the tangent space at a given parameterized surface is
the vector space 𝒞∞ (𝕊2 , ℝ3 ) (see the section “Fiber Bundle
Structure of Preshape Space”). The elastic metric is a (3parameter family of) Riemannian metric(s) on preshape
space which quantiﬁes inﬁnitesimal variations of the ﬁrst
fundamental form 𝑔 and of the normal vector ﬁeld 𝑛
according to the following formula in which 𝜆, 𝑎, 𝑐 are
positive parameters:
⟨⟨𝛿𝑓1 , 𝛿𝑓2 ⟩⟩𝑓

=

1

∫ 𝑑𝑠|𝑔| 2 {𝑎 Tr(𝑔−1 𝛿𝑔1 𝑔−1 𝛿𝑔2 )
𝕊2

𝜆
Tr(𝑔−1 𝛿𝑔1 ) Tr(𝑔−1 𝛿𝑔2 ) +𝑐𝛿𝑛1 ⋅ 𝛿𝑛2 } ,
2
where 𝑓 : 𝕊2 → ℝ3 is a parameterization of a spherical
surface, 𝛿𝑓𝑖 denotes variations of 𝑓, 𝛿𝑔𝑖 denotes the
corresponding variations of the ﬁrst fundamental form
𝑔, and 𝛿𝑛𝑖 denotes the corresponding variations of the
normal vector ﬁeld 𝑛 (for more information about the use
of this metric in computer science see [1]).
(1)

+

Quotient Riemannian Metric
One way to deﬁne a Riemannian structure on shape space
is to put a Riemannian metric on preshape space that is
invariant by the action of the diﬀeomorphism group. It
is not hard to see that the elastic metric deﬁned in the
previous section does have this property. The resulting
Riemannian metric on shape space is called the quotient
metric.
How is the quotient metric deﬁned? Consider two inﬁnitesimal deformations 𝑋 and 𝑌 of the hand with a missing
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ﬁnger depicted in Figure 13. Choose a parameterization
𝑓 of this hand (in the ﬁber 𝒪𝑓 above the shape of the
hand) and two inﬁnitesimal deformations 𝑋̃ and 𝑌̃ of this
parameterized hand that project onto 𝑋 and 𝑌. There
are many possible choices for 𝑋̃ and 𝑌,̃ since adding an
inﬁnitesimal deformation tangent to the
ﬁber 𝒪𝑓 will not change
the projection onto
the tangent space to
shape space. But there
is a choice which is
better relative to the
Riemannian metric on
preshape space we
started with: it is when
𝑋̃ and 𝑌̃ are orthogonal to the space 𝑇𝑓 𝒪𝑓 .
In that case, the norms
of 𝑋̃ and 𝑌̃ are minimal
(one says that 𝑋̃ and 𝑌̃
are horizontal for the
connection deﬁned by
the Riemannian metric on preshape space).
The scalar product of 𝑋 and 𝑌 is then deﬁned as the scalar
product of these minimal 𝑋̃ and 𝑌.̃ The invariance of the
metric ensures that the real number obtained this way
does not depend on the choice of the parameterization 𝑓
of the hand.

We would like to be
able to measure
the length of a
metamorphosis
between two
surfaces in a
manner that does
not depend on the
parameterizations
used along the way.

One drawback in this deﬁnition is that usually the
minimal 𝑋̃ and 𝑌̃ are hard to ﬁnd, in particular, for the
elastic metric deﬁned in the previous section. But there is a
second, even more problematic, drawback. Indeed, for the
quotient Riemannian metric, two paths of parameterized
surfaces projecting to the same path of unparameterized
surfaces will have (in general) diﬀerent lengths. As an
example, we have depicted in Figure 9 two deformations
from a parameterized horse to a parameterized jumping
cat that project to the same sequence of (blue) shapes.
Because the elastic metric also measures deformations
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Figure 13. Deformation of hand with a missing ﬁnger into a full hand and diverse parameterizations of this
deformation.

along the ﬁbers, i.e. variations of the “height” in Figure 9,
these two deformations of parameterized surfaces do not
have the same lengths in preshape space.
Deﬁning Gauge Invariance
Contrary to the situation described in the previous section, we would like to be able to measure the length of
a metamorphosis between two surfaces in a manner that
does not depend on the parameterizations used along
the way. This requirement is in the same spirit as the
requirement that the length of a road be independent
of the speed proﬁle of cars traveling on it (and measuring distances using their internal machinery). More
precisely, we would like the length 𝐿[𝛹] for any path
𝛹 in preshape space to match the length of the path
𝑡 ↦ 𝛹(𝑡) ∘ 𝛾(𝑡), where 𝑡 ↦ 𝛾(𝑡) ∈ Diﬀ+ (𝕊2 ) is any timedependent reparameterization of 𝕊2 . Formally, the group
𝒢 ∶= 𝒞∞ ([0, 1], Diﬀ+ (𝕊2 )) of time-dependent reparameterizations acts on the space of preshape paths by reparameterizing each shape of the path. The group 𝒢 is
called the gauge group, and one says that 𝒢 acts by gauge
transformations. We are looking for a framework where
the length of a path is invariant to gauge transformations.
How is a gauge invariant framework built? The idea is
very simple. Considering the preshape space as a ﬁber
bundle over the shape space (see the section “Fiber Bundle
Structure of Preshape Space”), recall that the tangent space
to the ﬁber passing through a given parameterized surface
𝑓, denoted by 𝑇𝑓 𝒪, has a natural complement deﬁned as
the space of normal vector ﬁelds to the surface and is
denoted by Nor𝑓 . Instead of starting with a Riemannian
metric on preshape space (for which vector ﬁelds tangent
to the surfaces have positive norm), we will deﬁne a
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degenerate Riemannian metric on preshape space in the
following way. First, we will declare that 𝑇𝑓 𝒪𝑓 and Nor𝑓
are orthogonal subspaces. Second, we will declare that
the scalar product of any two elements in 𝑇𝑓 𝒪𝑓 is 0. And
last, we will put a Diff+ (𝕊2 )-invariant scalar product on
the space of normal vector ﬁelds.
Since the tangent space to an unparameterized spherical surface can be identiﬁed with the space of normal
vector ﬁelds (in fact, the space of normal deformations
is what is used to deﬁne the manifold structure of shape
space), this procedure deﬁnes a Riemannian metric on
shape space (the Diff+ (𝕊2 )-invariance ensures that the
scalar product of two normal vector ﬁelds does not depend on the parameterization of the surface). Moreover,
because we have chosen the degeneracy of the metric to
match exactly the tangent space to the ﬁbers, the resulting Riemannian metric on shape space is nondegenerate.
In fact any Riemannian metric on shape space can be
obtained in this way (just reverse the construction).
Gauge Invariant Metric
It follows from the previous section that in order to deﬁne
a gauge invariant (degenerate) Riemannian metric on preshape space, it is suﬃcient to specify the scalar product
of two normal vector ﬁelds, the only requirement being
that this scalar product be invariant by the action of the
diﬀeomorphism group. Since the elastic metric deﬁned
in the section “Elastic Riemannian Metric ”is Diff+ (𝕊2 )invariant, one can, for instance, use its restriction to the
space of normal vector ﬁelds. The resulting (nondegenerate) Riemannian metric on shape space can be expressed
using the principal curvatures 𝜅1 and 𝜅2 and the ﬁrst
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fundamental form 𝑔 in the following way:

[2] S. Kurtek, A. Srivastava, E. Klassen, and H. Laga,
Landmark-guided elastic shape analysis of sphericallyparameterized surfaces, Eurographics 32 (2013), no. 2.

((ℎ𝑛, 𝑘𝑛))𝑆 = ∫ 𝑑𝑆{ℎ𝑘 (2𝑎(𝜅1 − 𝜅2 )2
𝑆

(2)

+2(𝜆 + 𝑎)(𝜅1 + 𝜅2 )2 )+𝑐𝛿𝑛1 ⋅ 𝛿𝑛2 },

where 𝑆 is any spherical surface, ℎ and 𝑘 any real functions
on 𝑆, and 𝑛 the unit normal vector ﬁeld on 𝑆 pointing
outward. The diﬀerence 𝜅1 − 𝜅2 in the ﬁrst term has
been called the normal deformation of the surface. The
sum 𝜅1 + 𝜅2 is twice the mean curvature that measures
variations of the area of local patches. These two terms
2
are related to the shape index idx = 𝜋2 arctan 𝜅𝜅11 +𝜅
−𝜅2 . The last
term in equation (2) measures variations of the normal
vector ﬁeld, i.e. bending.
Note that this Riemannian metric on shape space diﬀers
from the quotient metric deﬁned in the section “Quotient
Riemannian Metric”. In fact, quotient metric and gauge
invariant metric coincide if and only if Nor𝑓 is orthogonal
to 𝑇𝑓 𝒪𝑓 for the Riemannian metric on the preshape space
we started with, a property that is not satisﬁed by the
elastic metric (1).

Conclusion
What is the advantage of a gauge invariant metric? Two
paths in preshape space that project to the same path in
shape space may have diﬀerent lengths in the Riemannian
setting but the same length in the present framework.
For instance, in Figure 13 any two paths that project
onto the metamorphosis of a growing ﬁnger depicted
in the bottom line have the same length in the gauge
invariant setting. The two paths depicted in Figure 9 from
a parameterized horse to a parameterized jumping cat
have the same length (as computed by our programs; see
[1]). Moreover, a path in preshape space which consists
just in reparameterizing a shape, as for example the
vertical paths in Figure 13, will have nonzero length in the
Riemannian setting but zero length for the degenerate
gauge-invariant Riemannian metric on preshape space.
For more information on how to use this framework for
automatic classiﬁcation of shapes, we refer the reader to
the original paper [1].
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American Mathematical Society

Blog on Math Blogs
Two mathematicians tour the mathematical blogosphere. Anna Haensch (Duquesne University)
and Evelyn Lamb (University of Utah), editors.
blogs.ams.org/blogonmathblogs

PhD + epsilon Blog
Early-career mathematicians blog about their
experiences and challenges. Sara Malec (Hood
College) and Beth Malmskog (Villanova University), editors.
blogs.ams.org/phdplus

e-Mentoring Network in
the Mathematical Sciences
Connecting students and mentors. Ricardo Cortez (Tulane University) and Dagan Karp (Harvey
Mudd College), editors.
blogs.ams.org/mathmentoringnetwork

Beyond Reviews: Inside
MathSciNet
Highlighting the best new reviews, new features,
and tips and tricks for navigating the database.
Edward Dunne (Mathematical Reviews Executive Editor), editor
blogs.ams.org/beyondreviews

AMS Graduate
Student Blog

A blog for and by math grad students. Matt
Simonson (Northeastern University), editorin-chief; Frank Morgan (Williams College),
publisher.
blogs.ams.org/mathgradblog

Visual Insight:
Mathematics Made Visible
A place to share striking images that help explain
advanced topics in mathematics. John Baez (UC
Riverside), editor.
blogs.ams.org/visualinsight

On Teaching and
Learning Mathematics
Providing mathematicians with high-quality
commentary and resources regarding teaching
and learning. Benjamin Braun (University of
Kentucky), editor-in-chief; Priscilla Bremser
(Middlebury College), Art Duval (University
of Texas at El Paso), Elise Lockwood (Oregon
State University) and Diane White (University of
Colorado Denver), contributing editors.
blogs.ams.org/matheducation

Joint Mathematics
Meetings Blog
Daily coverage of scientific program sessions,
events and other aspects. Adriana Salerno (Bates
College), editor-in-chief.
blogs.ams.org/jmm2016

Followers may set up an RSS feed
or subscribe to email alerts to be
notified of new posts on each blog.

MATHEMATICS AWARENESS MONTH
Editor’s Note: In celebration of Math Awareness Month on “The Future of Prediction,” we provide essays by Lisa R. Goldberg and Olle Häggström, and
greetings from some of our fellow mathematical societies around the world.

Lisa R. Goldberg

In response to questions about SPI’s disastrous BrazilGermany prediction, Silver explained:

Prediction Is a Young Science
Predictions go back at least as far as the Oracle of Delphi
and the astrologers of the Chinese Han Dynasty. Arguably,
they are as old as the human race. However, our recently
acquired capability to collect, store, and analyze data
has emphasized statistics and elevated prediction to a
science that pervades virtually everything we do. Despite
recent advances, prediction is a young science. We are
just beginning to explore its limits.

Scientiﬁc Prediction Can Be Humbling and
Confusing
Time to eat some crow.
—Nate Silver
On July 8, 2014, Germany won a stunning 7–1 victory
over Brazil in the World Cup semiﬁnals. This was a
problem for superstar statistician Nate Silver, whose
Poisson distribution-based Soccer Power Index (SPI) model
had forecast a win for Brazil and had set the odds of
Germany beating Brazil by six goals or more at 1 in 4,000.
Silver has been using statistical models to predict outcomes of sporting events since the early 2000s, but he is
best known for predicting elections. In 2008, Silver and his
colleagues at FiveThirtyEight correctly called every state in
the US presidential election with the exception of Indiana
and the Second Congressional District in Nebraska, which
awards its own electoral vote. In 2012, FiveThirtyEight
correctly called the US presidential election in all ﬁfty
states (including the toss-up in Florida) and the District
of Columbia. Silver’s book on statistics, The signal and
the noise, became an international bestseller. “Triumph
of the Nerds” and other articles celebrating data science
appeared, exceptionally, in the mainstream media.
Lisa R. Goldberg is founding partner of Berkeley Associates LLC,
Director of Research at Aperio Group, and Co-director of the Consortium for Data Analytics in Risk at the University of California
at Berkeley. Her email address is lrg@berkeley.edu.
This article has beneﬁtted from conversations with Bob Anderson,
Jeﬀ Bohn, Alan Cummings, Nick Gunther, Ola Mahmoud, Barry
Mazur, Caroline Ribet, Ken Ribet, Stephanie Ribet, Alex Shkolnik,
Philip Stark, and Roger Stein.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1377
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Statistical models can fail at the extreme tails of
a distribution. There often isn’t enough data to
distinguish a 1-in-400 from a 1-in-4,000 from a
1-in-40,000 probability.
Statistical models rely on estimated distributions, outcomes, and likelihoods to make predictions. The tails
of a distribution are populated by rare or never-beforeseen outcomes. It is virtually impossible to assess the
credibility of the estimated likelihood of a rare event.
Silver was not the only one to misforecast the outcome
of the 2014 World Cup. Many of the big investment banks
had used statistical methods to predict a win for Brazil.
The Financial Times demoted data science from hero to
goat with headlines like “Brazil’s World Cup eludes banks’
best minds”. On the other hand, Microsoft was delighted
to point out that its prediction engine, Cortana, had
correctly predicted the outcome in 15 of 16 World Cup
matches, including the Brazil-Germany semiﬁnal.

Extreme Events May Seem Obvious in Hindsight
On June 22, 2007, the investment bank Bear Stearns was
quietly working to rescue two of its hedge funds: the Bear
Stearns High-Grade Structured Credit Fund and the Bear
Stearns High-Grade Structured Credit Enhanced Leveraged
Fund. These funds were trading securities backed by subprime mortgages, which involve loans to homeowners by
banks who readily acknowledge the possibility that some
of the homeowners might default. However, relatively few
considered the possibility that lots of homeowners might
default at the same time.
The rescue failed since the sub-prime market had begun
to collapse in response to a rapid rise in mortgage payment
delinquency. By mid-July, Bear Stearns disclosed that the
two funds had lost nearly all their value. Smooth and
upward-trending equity markets began to rock. This was
the preamble to the global ﬁnancial crisis that dominated
the ensuing two years and which has been blamed for the
destruction of trillions of dollars, the loss of millions of
jobs, and the suicides of more than 10,000 individuals.
Despite plentiful data, the elaborate and expensive risk
management systems in place at many ﬁnancial institutions in 2007 failed to alert investors to the impending
crisis. There were exceptions. In The Big Short, Michael
Lewis tells the tales of a few investors who noticed that
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housing prices were inﬂated, acted on their observations,
and proﬁted. For the vast majority of us, however, the
crisis signals were obscured by the noise of everyday life.
I recall a San Francisco limousine driver telling me
early in 2007 about the houses he was ﬂipping in Georgia.
It seemed odd, but I did not ask myself what it implied.
I could have known. That nagging I-could-have-known
feeling that comes in the aftermath of a disaster is an
example of hindsight bias, and it depends on our selective
memory of what turned out to matter. In his bestselling
book Thinking, Fast and Slow, Daniel Kahneman explains
the behavioral roots of hindsight bias. These include the
availability heuristic, our tendency to rely on information
that easily comes to mind; and the representativeness
heuristic, our tendency to proﬁle.

A Correct Prediction Can Also Be a Bad Prediction

Scientiﬁc Prediction Learns from Mistakes
In 1948, major polls in the US famously predicted that
New York governor Thomas Dewey would beat Harry
Truman in the presidential election.
The predictions were based on quota sampling, which
targets subsets of the population that are prespeciﬁed
rather than representative. The predictions were also stale.
As George Gallup, co-chairman of the Gallup organization
explained, “We stopped polling a few weeks too soon.”
Modern election polls use random sampling rather than
quota sampling, and they run up to the last minute.
Today, scientiﬁc predictions tell us which movies,
books, and restaurants we will enjoy, which diseases will
aﬄict us in the future, whether a cancerous growth on one
of our feet will prove fatal, how drugs will interact, who

Incorrect banner headline on the front page of the
Chicago Daily Tribune on November 3, 1948.

will be our soulmates, and when we might be wiped out by
rising sea levels and ocean acidiﬁcation. It can be diﬃcult
to distinguish good predictions from bad ones, since a
correct prediction need not be good. A prediction might
be good if it is based on ample data and an algorithm that
learns, if it ﬁts in-sample and is validated out-of-sample,
and if it is interpretable and appealing to common sense.
It may be impossible to test predictions of the time and
location of the next big earthquake or the eﬃcacy and
safety of a cure for a rare disease or the time and cause
of the next ﬁnancial crisis.
But some scientiﬁc predictions have demonstrated
track records. Advanced warnings of hurricanes and
tornadoes have allowed communities at risk to evacuate
before storms hit. Airline travel is remarkably safe, in
part, due to accurate weather forecasts. When Google
Navigation tells you that, despite some traﬃc, you will
reach your destination by 3:12 pm, there are reasons to
believe it.

About the Author
After starting her career in academia in topology and complex
dynamical systems, Lisa moved to
mathematical ﬁnance in 1993 and
hasn’t looked back. She and her
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Photo courtesy of Ken Ribet

The Monty Hall Problem goes like this:
There is a sports car behind one of three closed
doors, but the other two doors hide goats. You
get to select a door and keep whatever is behind
it. After you make an initial choice, Monty Hall
opens one of the two unselected doors, revealing
that it does not hide the sports car. He oﬀers you
the opportunity to switch to the other unopened
door or stay with your original choice. Should you
stick or switch?
If you stick with the door you originally selected, you
may be lucky and win the car. But the probability that the
car is behind the door you originally selected is 1/3, while
the probability that the car is behind the unselected door
Monty Hall failed to open is 2/3. The prediction that the
car is behind the door you originally selected is bad, even
if it turns out to be correct.
A skilled predictor may never make a bad prediction,
but she will inevitably make some predictions that turn out
to be incorrect. This conundrum is concisely summarized
in Nassim Nicholas Taleb’s Table of Confusion, which
pairs terms that tend to be mixed up: luck and skill,
belief and knowledge, theory and reality, signal and noise,
randomness and determinism.

Lisa R. Goldberg.
April 2016
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Olle Häggström
Our Desperate Need to Predict the
Future
In 1814, Pierre Simon de Laplace envisioned a demon who
could pinpoint the exact present positions and movements
of all particles and then calculate all of their future
trajectories, thereby accurately predicting everything that
will ever happen. He understood, however, that this task
would be forever beyond mere human capabilities. Due
to what we now know of as sensitive dependence on
initial conditions, this brute force approach to predicting
the future does not work (other than in certain limited
situations with limited time horizon). Instead, we’d like
to ﬁnd regularities in the past and assume “by induction”
that they will continue into the
future. Unfortunately, there seems
to be no way to defend induction—
the extension of past regularities
into the future—without reverting
to circularity by pointing out that
induction has served us well in the
past and thus can be expected to
do so in the future.
Nevertheless, we rely on induction to make predictions. We simply
do not know any other way. Good
applied mathematicians and good
scientists know that the extent to
which these predictions are reliable depends on how closely the
state of the system we are trying
to predict will remain within the
envelope of what has already been
observed. The further we push atmospheric CO2 levels above those of the last several
million years, the less reliably we can predict the future climate. Moore’s law—the exponential curve that ﬁts
several decades of computer hardware development so
well—eventually predicts the physically impossible.
Today we face unprecedented challenges of the following kind. We are beginning to develop new technologies
that have the potential to take us very far outside the
envelope of the observed and the familiar—technologies
that can bring us enormous beneﬁts, but also catastrophes on all scales, including the extinction of humanity.
In my recent book Here Be Dragons, I discuss several
such technologies and argue for the need to act with
foresight. Examples abound in biotechnology as well as in

What
happens
when we
succeed in
creating a
machine
that
surpasses
human capabilities?

Olle Häggström is professor of mathematical statistics at Chalmers
University of Technology, a member of the Royal Swedish Academy
of Sciences, and the author of four books. His email address is
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nanotechnology. Here, for concreteness, let me focus on
artiﬁcial intelligence (AI). What happens when we succeed
in creating a machine that surpasses human capabilities
in terms of general intelligence? Will it enter the kind of
rapid spiral of self-reinforcement known as an intelligence
explosion or the Singularity? Will we be able to remain in
control when we are no longer the smartest creatures on
the planet? Much has been written about this, for instance
by Ray Kurzweil, emphasizing the wonderful prospects
brought by the Singularity, and by Nick Bostrom, emphasizing the risks. Kurzweil likes to emphasize that we have
always lived with double-edged technologies and coped
well: “Fire kept us warm and cooked our foods, but also
burned down houses,” Kurzweil told CNN in June 2015.
The implicit suggestion here is that things will be ﬁne
with AI as well, but as physicist Max Tegmark recently
pointed out in a panel discussion with Kurzweil, there
may be a crucial disanalogy: we learned to use ﬁre using
trial-and-error, while if we do not get the ﬁrst AI superintelligence right (i.e., beneﬁcial to humanity), we may not
get a second chance.
These scenarios are so far outside what we are used
to thinking about as proper areas of extrapolation and
prediction that any attempt in that direction may seem
reckless. Yet, I claim, the amount of value at stake
compels us to try, as the alternative tends to involve
implicit and unfounded assumptions that nothing drastic
will happen and is tantamount to running blindfolded into
a mineﬁeld. Induction on its own is entirely inadequate
for making useful predictions here, but in combination
with deduction, useful conclusions perhaps can be drawn,
analogously to climate modelling, where empirically wellunderstood physical laws and regularities are combined
to predict the future (along with uncertainty estimates).
Predicting the consequences of an AI breakthrough is
far more diﬃcult than predicting the climate in 2100,
but this should not stop us from doing the best we
can and accompanying the predictions with the right
amount of epistemic humility. Without a conscious eﬀort
to predict, we will rely on ill-founded and erroneous
implicit predictions of the status quo.
One more caveat. When I talk of the need for predictions
here, I really mean the need for conditional predictions,
predictions conditional on various actions on our part. A
prediction like “a robot Apocalypse by 2100 has probability 20 percent” is of little use in itself; what we really need
as a guide to policy and action is to understand, e.g., how
promoting or restricting various AI research directions
aﬀects that probability. This is analogous to how IPCC
projections are conditional on diﬀerent greenhouse gas
emission scenarios, thus guiding us in how choices of
emission policies aﬀect future climate. As modelling in
economics and other social sciences becomes more sophisticated, it becomes increasingly tempting to include
social aspects as endogenous to climate models. Just as
the models encompass physical feedback mechanisms
(such as warming leading to reduced snow covering, leading to more warming), it is also possible to include social
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feedback mechanisms (such as warming leading to air conditioning, leading to more warming). While such studies
can be very interesting, there is also the risk that building
human reactions into the system of diﬀerential equations
can lead to a deterministic view in which our free will
seems to disappear. To be able to work eﬀectively towards
improving our prospects for a bright future, we need to
retain a mindset according to which diﬀerent actions and
diﬀerent policies are both possible and consequential.

Greetings from Some of
Our Fellow Math Societies
C. Ciliberto

About the Author
Olle Häggström, author
of
four
books,
with
the ﬁrst advance copy
of Here Be Dragons: Science, Technology and the
Future of Humanity, Oxford
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Press,
2016.

Each year in April the Joint Policy Board for Mathematics
of the US sponsors the Mathematics Awareness Month
to stress the importance of mathematics in our society
and culture through a series of initiatives that highlight
mathematical developments and applications. The 2016
Mathematics Awareness Month will celebrate its 30th
anniversary since this initiative started oﬀ in 1986.
This year the theme of the Mathematics Awareness Month will be “The
Future of Prediction”. Human beings
have being trying to foretell the future since ever. In the far past, this
was the job of charlatans, astrologists,
prophets and oracles, who appealed
to superstitions and pseudoscientiﬁc
tools (the interpretation of the ﬂight
of birds, the form of tea leaves or
coﬀee grains at the bottom of a cup,
the sound of a thunder, tarots, etc.) to C. Ciliberto,
convince people that future could be President of
predicted. In more recent times this L’Unione
has been taken over by scientists, who Matematica
have been trying to make predictions Italiana.
based on the current model of interpretation of the nature.
Natural sciences (like physics, chemistry, biology, etc.) and
socio–economical sciences (like economy, sociology, etc.)
have been playing of course a crucial role in this respect.
But how can scientists anticipate the evolution of the
climate in the next twenty years if even a three-day
forecast is a serious challenge? How can we predict
the development of epidemics? How can we accurately
foresee our ﬁnancial future? To make accurate predictions
about the behavior of highly complex systems, we need
a reference model to appeal to, and to collect, interpret
and manipulate an enormous amount of data: of course,
more a model is mathematically reﬁned, more it is
robust and amenable to provide the right framework for
reliable predictions. In the last century or so, thanks to
the development of more and more sophisticated tools,
mathematics widely extended its domain of applications
from physics (which was the classical one) to all other
subjects mentioned above, including human sciences.
Never in the history of our civilization, is mathematics as
C. Ciliberto is president of the L’Unione Matematica Italiana. His
email address is cilibert@mat.uniroma2.it.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
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Photo by Giulia Ciliberto.

L’Unione Matematica Italiana

MATHEMATICS AWARENESS MONTH

Jose Maria P. Balmaceda
Mathematical Society of the Philippines
Warmest greetings to the AMS
from Mathematical Society of
the Philippines! We join the
AMS, other reciprocating societies,
and the worldwide mathematical
community in celebrating Mathematics Awareness Month in the US
and laud the choice of this year’s
focus on the ‘Future of Prediction’. Being in a region highly
vulnerable to natural disasters,
Jose Maria P.
environmental hazards and ecoBalmaceda,
nomic uncertainty, our members
President of
are increasingly being relied upon
Mathematical
to develop models and techniques
Society of the
for forecasting and risk manPhilippines.
agement, and provide insightful
analysis of large amounts of data. We look forward to
the Notices’ excellent articles and commentaries on these
topics.

Francis E. Su
Mathematical Association of America
The power of mathematics is, to a
greater extent than ever before, being harnessed all around us in the
information revolution, with mathematics and statistics as the power
tools of a new economy. Phones
now predict when you will get
home. Search engines predict the
spread of disease. Numerical models predict the weather. Mathematics
makes new inventions possible. I
hope you’ll use the theme of this
year’s Math Awareness Month as a
golden opportunity to amplify, for
your students and your friends, the
role of mathematics at the center of
life in the twenty-ﬁrst century.

Courtesy of Francis E. Su.

immanent as [it is] today in all our activities. In this sense,
never as nowadays, mathematics is involved in the art of
predicting the future. Therefore the subject of the 2016
Mathematics Awareness Month is extremely timely.
The “Unione Matematica Italiana”, which is the reference association of the Italian mathematicians, looks at
this fascinating theme with the greatest interests and
wishes to this initiative the best success.

Francis E. Su,
President of the
Mathematical
Association of
America.

Francis E. Su is president of Mathematical Association of America and Benediktsson-Karwa Professor of Mathematics at Harvey
Mudd College. His email address is su@math.hmc.edu.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
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American Mathematical Society

AMS EXEMPLARY PROGRAM AWARD
CALL
CALL FOR
FOR NOMINATIONS
NOMINATIONS

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 2017. 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.
Nominations with supporting information should be submitted to
www.ams.org/profession/prizes-awards/nominations. Those who prefer to submit by regular
mail may send nominations to the AMS Secretary, Professor Carla D. Savage, North Carolina State
University, Department of Computer Science, Campus Box 8206, Raleigh, NC 27695-8206. The
nominations will be forwarded by the Secretary to the Prize Selection Committee.

Deadline for nominations is September 15, 2016.

AMS SPRING SECTIONAL SAMPLER

Photo courtesy of Artem Novzhilov.

Image courtesy of the University of Utah.

LAURA FELICIA MATUSEVICH, associate professor of mathematics at Texas A&M University;
RODRIGO BAÑUELOS, professor of mathematics at Purdue University and Fellow of the AMS and
IMS, and STEPH van WILLIGENBURG, professor of mathematics at the University of British Columbia kindly provide introductions to their Invited Addresses for the upcoming AMS Spring Western Sectional (Utah, April 9–10) and the AMS Spring Central Sectional (North Dakota, April 16–17)
Meetings.

North Dakota State University, Fargo, ND

University of Utah, Salt Lake City, UT

Spring Central Sectional:
page 360 — Laura Felicia Matusevich,
“Binomial Ideals”

Spring Western Sectional:
page 364 — Steph van Willigenburg,
“Quasisymmetric Schur Functions”

page 362 — Rodrigo Bañuelos, “Lévy
Processes, Nonlocal Operators, and
Spectral/Heat Asymptotics”

For permission to reprint this article, please contact:
reprint-permission@ams.org.
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Laura Felicia Matusevich
Binomial Ideals
I am very excited to have been asked to deliver an invited
address at the AMS Spring Central Sectional Meeting. I
will talk about binomial ideals.
Binomial ideals are ideals in polynomial rings, in one
or more commuting variables, with coeﬃcients in a ﬁeld.
A binomial is a polynomial with at most two terms, and a
binomial ideal is an ideal generated by binomials.
There is an exceptionally rich combinatorial theory
of binomial ideals, which will be the subject of my
address. The purpose of this piece, however, is to explain
something that I won’t have time to discuss in my talk:
why I became interested in binomial ideals, and how my
ﬁrst results in this area came about.
When working with objects that can be described by
equations with two terms, there is usually a binomial
ideal lurking in the background, although sometimes it
may be hidden. I came to binomial ideals from the study
of hypergeometric functions, an area that can trace its
origins to Euler and Gauss. Hypergeometric functions are
represented by series
∞

𝐹(𝑧1 , … , 𝑧𝑛 ) =

∑

𝑘

𝑘

𝑎𝑘1 ⋯𝑘𝑛 𝑧1 1 ⋯ 𝑧𝑛𝑛 ,

𝑘1 ,…,𝑘𝑛 =0

whose coeﬃcients satisfy ﬁrst-order diﬀerence equations
(1)

𝑞𝑗 (𝑘1 , … , 𝑘𝑛 )𝑎𝑘1 ⋯𝑘𝑗 +1⋯𝑘𝑛 = 𝑝𝑗 (𝑘1 , … , 𝑘𝑛 )𝑎𝑘1 ⋯𝑘𝑛 ,

where 𝑝1 , … , 𝑝𝑛 , 𝑞1 , … , 𝑞𝑛 are polynomials. (Note that the
above diﬀerence equations have two terms!)
It is well known that a system of recurrences for
the coeﬃcients of a series is equivalent to a system of
diﬀerential equations for the series itself. Here, the shift
operator 𝑎𝑘1 ⋯𝑘𝑛 ↦ 𝑎𝑘1 ⋯𝑘𝑗 +1⋯𝑘𝑛 at the level of coeﬃcients
corresponds to multiplication by 𝑧𝑗 at the level of series,
while multiplication of a coeﬃcient by its 𝑗th index
𝑘𝑗 corresponds to the operator 𝑧𝑗 𝜕/𝜕𝑧𝑗 on the series.
In this way, the system of ﬁrst-order recurrences (1)
is transformed into a linear system of 𝑛 diﬀerential
equations in 𝑛 variables, which is highly structured but
which has many more than two terms.
In the late 1980s, Gelfand, Graev, Kapranov, and Zelevinsky had an amazing idea. At the cost of introducing
additional variables, the ﬁrst-order recurrences could be
translated into partial diﬀerential equations with constant
coeﬃcients and two terms! In eﬀect, the recurrences produced a binomial ideal in a polynomial ring. Of course, in
order to account for the additional variables, more than

these diﬀerential equations were needed, and the new
kind of hypergeometric system consisted of a binomial
part with constant coeﬃcients and a system of Euler-type
equations. The diﬀerent types of equations cannot be
considered separately, as their interaction is at the root
of many interesting behaviors. The situation is clearest
when the binomial equations generate a prime ideal; this
was the case that had been considered by Gelfand, Graev,
Kapranov, and Zelevinsky.
On the other hand, the classical hypergeometric systems are given by 𝑛 generators in 𝑛 variables, and
the corresponding binomial ideals (known as lattice basis ideals) are rarely prime. A natural question is then
whether we can reduce from the lattice basis ideals we are
interested in to the more tractable prime binomial ideals.
It turns out that, under some genericity assumptions, the
answer is “almost”.
The key breakthrough
comes from the inﬂuential article “Binomial ideals”
by Eisenbud and Sturmfels,
whose main result is that
any binomial ideal (in a
polynomial ring over an algebraically closed ﬁeld) has a primary decomposition in
terms of binomial ideals that are “almost” prime. Over
ℂ (the natural ﬁeld to work with when studying hypergeometric functions), Eisenbud and Sturmfels also gave a
description of the binomials in each primary component.
However, in order to use these results in the hypergeometric context, a combinatorial description of the monomials
in each primary component was also necessary, and such
descriptions were absent from the literature.
Which brings us to my kitchen table in 2005. Based
on earlier joint work with Timur Sadykov, computational
experiments, and a dose of inspiration, Alicia Dickenstein and I had come up with very satisfying conjectural
combinatorial expressions for the solutions of a hypergeometric system that arise from the primary components
of a lattice basis ideal. Our problem was that in order to
prove that our solutions were the solutions, we needed to

It was clear that
we needed a
new idea.
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a
Figure 1. A combinatorial computation of binomial
primary decomposition. The lattice points represent
monomials 𝑎𝑛 𝑏𝑚 , the segments represent binomials 𝑎𝑝 𝑏𝑞 − 𝑎𝑟 𝑏𝑠 , and the magenta points are the
monomials in a primary component of a certain ideal.

know the monomials in those components. So we decided
to write down what the primary components needed to
be in order for our conjectures to be true and try to prove
that those were indeed the components. And there we got
stuck. It was clear that we needed a new idea.
A few months later I visited Ezra Miller in Minneapolis, and we spent three days discussing hypergeometric
systems, lattice basis ideals, and their primary decompositions. By the end of my visit, Ezra had recognized
that the combinatorial gadgets Alicia and I were using
(see Figure 1 for a typical example) represented monoid
congruences. This turned out to be the crucial new idea
that was necessary to make everything work. In fact,
this tool not only yielded combinatorial expressions for
the primary components of lattice basis ideals but also
applied to any binomial ideal over an algebraically closed
ﬁeld of characteristic zero. This enabled Alicia, Ezra, and
me to prove all the hypergeometric results we wanted in
much more generality than I had at
ﬁrst hoped for.
Since then the combinatorics of
binomial primary decomposition has
taken on a life of its own, independent of its hypergeometric origins.
More general results have been found
which do not depend on base ﬁeld assumptions, but many open questions
remain. For a survey on the recent
developments on binomial primary
Laura Felicia
decomposition, come to my talk!
Matusevich

In October 1910, the physicist Hendrik Antoon Lorentz
delivered the Paul Wolfskehl lectures at the University of
Göttingen on “Old and new problems in physics”. During
these lectures, with David Hilbert and Hermann Weyl
in the audience, he formulated a problem: Prove that
the number 𝑁(𝜆) of eigenvalues of the Laplacian Δ on
a planar region Ω (with zero boundary conditions), not
exceeding the positive number 𝜆, grows like the area
of Ω times 𝜆, as 𝜆 goes to inﬁnity. The problem had
been raised a month earlier by Arnold Sommerfeld at a
lecture in Königsberg. Apparently Hilbert predicted that
this would not be proved in his lifetime, yet the assertion
was proved the following year by Weyl. More precisely,
Weyl proved that 𝑁(𝜆) = |Ω|
4𝜋 𝜆 + 𝑜(𝜆), as 𝜆 → ∞, where
|Ω| denotes the area of Ω. Weyl’s celebrated theorem,
commonly referred to as Weyl’s Law, has been extended
and reﬁned in many directions, with connections to many
areas of pure and applied mathematics and generating
many interesting problems. Among these is Pólya’s 1961
famous conjecture which asserts that the upper bound
𝑁(𝜆) ≤ |Ω|
4𝜋 𝜆 holds for all 𝜆 and which he proved for
regions that tile the plane. The conjecture remains open
even for the disc.
In subsequent papers in 1912, Weyl extended his result
to regions in three space (the setting of the SommerfeldLorentz problem) and to other boundary value problems.
In 1913, he went one step further and conjectured
|𝜕Ω|
a second-order asymptotic law: 𝑁(𝜆) = |Ω|
4𝜋 𝜆 ± 4𝜋 √𝜆 +
𝑜(√𝜆), 𝜆 → ∞, where |𝜕Ω| is the length of the boundary of
Ω, the (−) corresponds to Dirichlet boundary conditions,
and the (+) to Neumann. Weyl’s conjecture (Weyl’s second
Law) remained open until 1980, when it was proved by
Ivrii (and shortly thereafter by Melrose) under certain
conditions on Ω.
There has been intense activity in recent years in the
study of problems where local operators, such as the
Laplacian, are replaced by nonlocal operators, such as
the fractional Laplacian, (−Δ)𝛼/2 , 0 < 𝛼 < 2. Many of
the nonlocal operators of interest correspond to generators of Lévy processes, a rich class of stochastic
processes introduced by Paul Lévy in the 1930s sharing
some important properties with Brownian motion. They
have independent and stationary increments, but their
paths are only stochastically continuous, which allows
for jumps. The Poisson and compound Poisson processes
are classical examples of Lévy processes with jumps, as
are the rotationally symmetric stable processes of order
Rodrigo Bañuelos is professor of mathematics at Purdue University.
His email address is banuelos@math.purdue.edu.
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𝛼, 0 < 𝛼 < 2, whose generators are the fractional
Laplacians. Problems in
the area of nonlocal
operators often branch
in diﬀerent directions
involving
probabilistic
and/or analytic techniques and belonging
to diﬀerent areas of
both pure and applied
mathematics.
The problems in this
talk belong to the area
of spectral theory for
nonlocal operators and
particularly for fractional
Laplacians and other closely related operators, such as
the relativistic Laplacian and Schrödinger fractional Laplacians. They are motivated by Weyl’s ﬁrst and second laws,
corresponding questions for traces of heat semigroups
and the heat content, and its connections to the expected
volume of the Wiener sausage. They are also motivated
by probabilistic ideas and techniques that have greatly
inﬂuenced the study of heat kernels, eigenfunctions, and
eigenvalues for the Laplacian and operators corresponding to more general diﬀusions in diﬀerent geometric
settings, including manifolds and fractals. From the point
of view of Lévy processes, the problems are quite natural,
as Brownian motion, with the Laplacian as its generator,
is “just” an example of such a process. On the other hand,
the introduction of jumps requires the development of
new techniques, both on the probability and on the analysis side, and especially when dealing with boundary value
problems. In fact, even the formulation of the “proper”
boundary conditions requires careful consideration.
This talk ﬁrst gives a review of the elegant connections
of spectral and heat asymptotics for the Laplacian to
Brownian motion explored by Mark Kac in the 1950s and
1960s and connections to his celebrated 1966 paper “Can
one hear the shape of a drum?” It then explains how,
using the entire complement of Ω as its “boundary”, the
Dirichlet eigenvalues for many nonlocal operators form a
sequence {𝜆𝑘 } satisfying 0 < 𝜆1 < 𝜆2 ≤ 𝜆3 ≤ ⋯ ≤ 𝜆𝑘 → ∞,
as in the case of the Laplacian. However, unlike the case of
the Laplacian, where the eigenvalues (and eigenfunctions)
can be explicitly given for various simple regions, the
eigenvalues for nonlocal operators, such as the fractional
Laplacian, are not explicitly known even in the simplest
case of an interval in one dimension. Nevertheless, one
can raise many questions on the dependence of the
eigenvalues (and eigenfunctions) on the geometry of the
region. In particular, are there analogues of Weyl’s ﬁrst
and second laws, and versions of these (ﬁrst- and secondorder small time asymptotics) for heat traces? If so, what
geometric quantities of the region are revealed by these
asymptotics? As we shall see, most questions, beyond
ﬁrst-order asymptotics, remain quite open. But there is

There has been
intense activity
where local
operators, such
as the Laplacian,
are replaced by
nonlocal
operators.
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progress (by several researchers) to report on secondorder heat trace asymptotics for regions Ω ⊂ ℝ𝑑 and on
heat trace and heat content asymptotics of any order for
fractional Schrödinger operators with smooth potentials
on ℝ𝑑 . Curiously, the latter reveals quantities involving
the potential that are quite diﬀerent from those arising
for the Laplacian.
If it is indeed the case, as has often being said, that
“the geometry of the Laplacian (Brownian motion) does
not reveal its secrets lightly,” this is even more so for the
geometry of nonlocal operators (Lévy processes)!

About the Author
Rodrigo Bañuelos is a Fellow of the
AMS and IMS (Institute of Mathematical Statistics). His research is at the
interface of probability and analysis.

Steph van Willigenburg
Quasisymmetric Schur Functions
Dating from an 1815 paper of Cauchy, Schur functions
have long been a central object of study due to their multifaceted nature. Starting from their deﬁnition, they can be
viewed as the determinant of a matrix, computed using
divided diﬀerences, expressed using raising operators, or
written as a sum of combinatorially computed monomials.
Additionally, they arise in a number of diﬀerent guises in
mathematics, including as an orthonormal basis for the
algebra of symmetric functions, 𝑆𝑦𝑚, and as characters of
the irreducible polynomial representations of 𝐺𝐿(𝑛, ℂ),
whence the name from Schur’s seminal work in 1901.
They also play a pivotal role in Hilbert’s 15th problem on
Schubert calculus and more recently in quantum physics.
Their pervasive nature has led to their generalization in
a variety of ways. Perhaps the best known generalization
is Macdonald polynomials, which encompass a plethora
of functions and have additional parameters 𝑞 and 𝑡 that
reduce to Schur functions when 𝑞 = 𝑡 = 0. Likewise, 𝑆𝑦𝑚
has been generalized in a number of ways.
One signiﬁcant nonsymmetric generalization is the
algebra of quasisymmetric functions, 𝑄𝑆𝑦𝑚, which is
itself of interest, since quasisymmetric functions can be
seen as generating functions for 𝑃-partitions and ﬂags
in graded posets in discrete geometry and enumerative
Steph van Willigenburg is professor of mathematics at the University of British Columbia. Her email address is steph@math.ubc.ca
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combinatorics. In representation theory, quasisymmetric functions arise in the study of Hecke algebras, Lie
representations, and crystal graphs for general linear
Lie superalgebras, while in probability they arise in the
investigation of random walks and riﬄe shuﬄes.
Since 𝑆𝑦𝑚 is a subalgebra of 𝑄𝑆𝑦𝑚, a natural question
to ask is whether there exists a basis of 𝑄𝑆𝑦𝑚 that
reﬂects the algebraic and combinatorial properties of
Schur functions. Recently Haglund, Luoto, Mason, and van
Willigenburg discovered such a basis of quasisymmetric
Schur functions, whose genesis lies in the combinatorics
of Macdonald polynomials. This basis is already having an
impact, being key to the resolution by Lauve and Mason
of a long-standing conjecture that 𝑄𝑆𝑦𝑚 over 𝑆𝑦𝑚 has
a stable basis and initiating a new avenue of research for
other Schur-like bases.

Steph
van
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awards for research include fellowships from the
Leverhulme Trust and the
Alexander von Humboldt
Foundation, and she has won a
Killam Award for her teaching.
Professor van Willigenburg is
also one of the co-founders
and organizers of the Algebraic Combinatorixx workshops at the Banﬀ International Research Station to
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women in algebraic combinatorics and related areas.
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View and share hundreds of images!
The connection between mathematics and art
goes back thousands of years. Mathematics has
been used in the design of Gothic cathedrals,
Rose windows, oriental rugs, mosaics, and tilings. Geometric forms were fundamental to the
cubists and many abstract expressionists, and
award-winning sculptors have used topology
as the basis for their pieces. Dutch artist M.C.
Escher represented inﬁnity, Möbius bands, tessellations, deformations, reﬂections, Platonic
solids, spirals, symmetry, and the hyperbolic
plane in his works.

A mathematician, like a painter or poet, is a maker
of patterns. If his patterns are more permanent than
theirs, it is because they are made with ideas.
—G. H. Hardy,
A Mathematician’s Apology

Mathematicians and artists continue to create
stunning works in all media and to explore the
visualization of mathematics--origami, computer-generated landscapes, tessellations, fractals,
anamorphic art, and more.
“Exploring Complex Domain Functions Using Domain Coloring,”
by Konstantin Poelke and Konrad Polthier, Free University of Berlin

“Praying Mantis, opus 416,” by Robert J. Lang.
One uncut square of paper, 4”, composed and folded 2002.
© Robert J. Lang

www.ams.org/mathimagery

“Trifurcation,” by Robert Fathauer
(Tessellations, Phoenix, AZ)

Ab o u t t h e Cover
Shape in Two Dimensions

600

500

400

In her April feature article, Alice Barbara Tumpach explains how to relate two surfaces in 3D. For the cover,
she put together something on the same theme involving
plane curves. The playing card motif is mostly artiﬁce,
but with a mathematical rationale. She writes:
“Two parametrized smooth curves in 2D have the
same shape if one can be obtained from the other by
reparametrization (applying a smooth strictly increasing
function). Any rectiﬁable planar curve admits a canonical
parametrization, its arc-length parametrization, which
draws the same shape, but at constant unit speed. The
set of 2D-shapes can be therefore identiﬁed with the set
of arc-length parametrized curves, which is an inﬁnitedimensional submanifold of the space of parametrized
curves.
When working with realistic shapes (such as the outline
of Elie Cartan below), one usually doesn’t have any parametrization at hand, but only a ﬁnite number of ordered
points on the curve. The discrete version of an arc-length
parametrized curve is an equilateral polygon. Given a ﬁnite
set of ordered points in the plane, one can interpolate
between them using cubic splines and then choose an
ordered set of points on this interpolation forming an
equilateral polygon. This process is called ‘resampling
uniformly’.
In order to draw an equilateral polygon, one just
needs to know the length of the edges, the position of
the ﬁrst edge, and the angles between two successive
edges. In other words, the sequence of turning-angles
deﬁnes an equilateral polygon modulo scaling, rotation,
and translation.

unit
tangent
vector
minimum
signed
curvature

maximum
signed
curvature

Elie Cartan and the outline of his head.
The sequence of turning angles of an equilateral
polygon is the discrete analogue of the signed curvature
𝜅 of an arc-length parametrized smooth curve, which is
the rate of the turning of its unit tangent vector. As in
the discrete case, one can reconstruct a curve (modulo
rotation and translation) from its signed curvature.
Any deformation of a 2D-shape into another is equivalent to a deformation of the corresponding arc-length
parametrized curves or, equivalently, of the corresponding curvature functions. One can easily interpolate between two shapes using the linear interpolation between
the corresponding curvature functions.
In the ﬁgure above at the right, the exterior boundary
is the outline of Elie Cartan’s head, as pictured below left,
with the curvature function graphed above. The interior
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The signed curvature of Elie Cartan’s head, after
some smoothing.

Emmy Noether (left) and an interpolation between the
outline of Elie Cartan and the outline of Emmy
Noether, interpolating their curvature functions
(right).
boundary is the proﬁle of Emmy Noether, with its computed curvature function. In between are depicted the
arc-length parametrized curves obtained by reconstructing a curve from the curvature function on the segment
joining 𝜅Cartan and 𝜅Noether . The length of the curves varies
linearly just for appearance.
Unfortunately, this construction does not preserve the
set of closed curves (look for example, at the bottom of
the right image above). However, when the two curves
we start with possess central symmetry, the sequence of
curves constructed this way will all be closed. “This was
the motivation to create playing cards from the outlines
of Cartan and Noether. On the cover picture, the most
external curve is a symmetric version of Noether’s outline,
and the most internal curve is a symmetric version of
Cartan’s proﬁle. In between is depicted the sequence of
closed curves obtained by reconstructing a curve from the
curvature lying on the segment connecting the curvatures
of Cartan’s and Noether’s playing card versions.”
The photographs of Cartan and Noether have been
taken from their Wikipedia entries (The images are fair
use and pubic domain, respectively.) One good place to
ﬁnd more information about shapes is David Mumford’s
web page:
www.dam.brown.edu/people/mumford/vision/shape.html
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COMMUNICATION

Modeling Ebola at the
Mathematical and
Theoretical Biology
Institute (MTBI)
C. Castillo-Chavez, K. Barley, D. Bichara, D. Chowell,
E. Diaz Herrera, B. Espinoza, V. Moreno, S. Towers,
and K. E. Yong
Communicated by Steven J. Miller
Abstract

Disease, Epidemics, and Models

Work with STEM students at MTBI advanced the
possibility that quarantine can cause increased
levels of Ebola transmission.1

Since twenty-ﬁrst-century problems stretch
across disciplines, they require interdisciplinary
approaches. As Steve Strogatz [1] observes:
Cancer will not be cured by biologists working alone. Its solution will require a melding
of both great discoveries of 1953 [the FermiPasta-Ulam computer experiment and the
Watson and Crick discovery of the chemical
structure of DNA]. Many cancers, perhaps
most of them, involve the derangement of
biochemical networks that choreograph the
activity of thousands of genes and proteins.
As Fermi and his colleagues taught us, a
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complex system like this can’t be understood merely by cataloging its parts and
the rules governing their interactions. The
nonlinear logic of cancer will be fathomed
only through the collaborative eﬀorts of
molecular biologists—the heirs to Dr. Watson and Dr. Crick—and mathematicians
who specialize in complex systems—the
heirs to Fermi, Pasta and Ulam.
Per Strogatz, the future scientists at the Mathematical and Theoretical Biology Institute (MTBI ),
established at Cornell University in 1996, learn
the problem-solving ropes by engaging in collaborative, cross-discipline eﬀorts—often enhanced by
the systematic use of computer experiments and
data science—to answer focused scientiﬁc questions. The interdisciplinary research described in
this note involves the dynamics of deadly diseases
such as Ebola.

Germ Theory and Epidemic Models
Aristotle’s hypothesis on the existence of invisible microorganisms; Antonie van Leeuwenhoek’s
discovery of such germs; and the germ-theory
framework advanced by Jacob Henle, Robert Koch,
Joseph Lister, and Louis Pasteur served as the foundation for the study of infectious diseases. Daniel
Bernoulli in 1760 introduced a mathematical
model used immediately to assess the eﬀectiveness of inoculation against smallpox virus.
Much later, W. N. Hamer developed and analyzed a discrete-time mathematical model to help
understand the recurrence of measles epidemics.
In 1902 Sir Ronald Ross was awarded the Nobel
Prize for tying malaria to Plasmodium parasites
carried by mosquitoes. He formulated a nonlinear
system of diﬀerential equations that captured its
transmission dynamics. His clear understanding
of host-vector-pathogen dynamics drove him to
consider the impact of such interactions at the
population level. Ross concluded from his analysis that reducing the vector (mosquito) population
below some threshold would drastically decrease
malaria’s devastating impact on the health and
survival of individuals living in malaria-infested
regions. Following Ross’s legacy, Kermack and
McKendrick advanced the concept of epidemic
threshold in the context of communicable diseases such as inﬂuenza or tuberculosis. The
ideas of these pioneers were later popularized
by M. Gladwell in his best-selling book The Tipping Point. Important expansions and variations
on these foundational models have given rise to
the ﬁeld of mathematical epidemiology and its
applications (see e.g. [2]).
Ross also highlighted in his research the power
of abstraction inherent in mathematics by explicitly alluding to the applicability of his malaria
framework to the study of sexually transmitted
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diseases (STD). Cooke and Yorke followed through
on Ross’s ideas and produced one of the ﬁrst
STD models in 1973. Hethcote and Yorke later
introduced the concept of core group, a concept
which has had a tremendous impact on policies
aimed at reducing gonorrhea incidence.

Ebola Control and Ebola Spatial Dynamics
As the Ebola outbreak spread across West Africa in
2014–2015, 24/7 cable news coverage ensured that
fear of the disease spread among large subpopulations of individuals living far outside aﬀected
areas.
Whether or not Ebola-infected individuals can
be detected before becoming infectious turned
out to be a central question. MTBI alumnus Diego
Chowell wondered how eﬀective Ebola detection
using Polymerase Chain Reaction (PCR) would be
if deployed at the presymptomatic stage of the
disease. Following the research carried out by MTBI
alumni during the 2003 Canada SARS outbreak,
Chowell et al. [3] proposed the following single
outbreak epidemic model; see also Figure 1, and
Tables 1 and 2.

S

E1

E2

I

J

P

Figure 1. Modeling the eﬀect of early detection
of Ebola.
𝐼 + 𝑙𝐽
),
𝑁
𝐼 + 𝑙𝐽
= 𝛽𝑆 (
) − 𝜅1 𝐸1 ,
𝑁
= 𝜅1 𝐸1 − 𝜅2 𝐸2 − 𝑓𝑇 𝐸2 ,

𝑆 ̇ = −𝛽𝑆 (
𝐸1̇
𝐸2̇

𝐼 ̇ = 𝜅2 𝐸2 − (𝛼 + 𝛾)𝐼,
𝐽 ̇ = 𝛼𝐼 + 𝑓𝑇 𝐸2 − 𝛾𝑟 𝐽,
𝑅̇ = 𝛾(1 − 𝛿)𝐼 + 𝛾𝑟 (1 − 𝛿)𝐽,
𝐷̇ = 𝛾𝛿𝐼 + 𝛾𝑟 𝛿𝐽,
𝑁 = 𝑆 + 𝐸1 + 𝐸2 + 𝐼 + 𝐽 + 𝑅.
Table 1. Variables of the Model.
Class
𝑆
𝐸1
𝐸2
𝐼
𝐽
𝑅
𝐷
𝑃

Description
Susceptible
Latent undetectable
Latent detectable
Infectious and symptomatic
Isolated
Recovered
Ebola-induced death
𝐷+𝑅
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Table 2. Parameters of the Model.
Parameter
𝛽
1/𝑘
1
1/𝑘
2
1/𝛼
1/𝛾
1/𝛾𝑟
𝑓𝑇
𝛿
𝑙

Description
Mean transmission rate
Mean period between undetectable state and latent detectable state
Mean period between latent detectable state to infectious state
Mean period between infectious state and isolation state
Mean period between infectious state and recovery or Ebola-induced death state
Mean period between isolation state and recovery or Ebola-induced death state
Fraction of latent individuals diagnosed before onset of symptoms
Fatality rate
Relative transmissibility of isolated individuals

This transmission model was parameterized
using prior MTBI research on Ebola dynamics. It
was determined, via simulations, that the use of
modern technologies (PCR) are indeed insuﬃcient
to stop an Ebola outbreak unless enough facilities
are available to isolate a signiﬁcant proportion of
Ebola-diagnosed individuals (see Figure 2). Moreover, the DNA polymerase used in the PCR reaction
is prone to errors and can lead to mutations in the
fragment generated. Additionally, the speciﬁcity
of the generated PCR product may be changed by
nonspeciﬁc binding of the primers to other similar
sequences on the template DNA. Furthermore, in
order to design primers to generate a PCR product,
some prior information on the sequence is usually
necessary.

Value
0.333
4 days
3 days
3 days
6 days
7 days
(0.1)
0.7
(0.1)

September 2014, quite close to 6,553, the actual
number of cases reported by the World Health
Organization.
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Figure 2. Modeling the eﬀect of early detection
of Ebola. The attack rate is deﬁned as the total
number of Ebola cases per population size.
The research carried out in response to the
2002–2003 SARS outbreak identiﬁed speciﬁc approaches that made it possible to assess the
potential of a disease outbreak with limited data.
Today, epidemiologists using single outbreak epidemiological models in conjunction with incoming
reported outbreak data can estimate the basic reproduction number ℛ0 and often also the typically
decreasing eﬀective reproductive number ℛeﬀ (𝑡).
That is, it is possible to estimate the initial epidemic
growth rate and associated typically declining rates
of growth over time, the result of the depletion
of susceptible individuals over the course of an
outbreak. Towers et al. [4] found out that the rate
of growth in West Africa was in fact not decreasing
over time but increasing (see Figure 3). This group
of researchers used changing epidemic growth
estimates to forecast 6, 800 cases by the end of
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Figure 3. Time series of recorded average
number of new EVD cases per day during the
initial phase of the 2014 West African
outbreak for Guinea, Sierra Leone, and Liberia
(dots). The green lines show a selection of the
piecewise exponential ﬁts to the data. The red
lines show moving-window exponential ﬁts
from July 1 onwards.
Our epidemiologically model-driven data analysis drove us to consider the possibility that the
enforced “cordons sanitaires” mass quarantine
restrictions in West Africa in late summer 2014,
which forcefully restricted the movement of individuals within the most aﬀected Ebola areas, may
have in fact contributed to increased levels of
Ebola transmission due to overcrowding and poor
sanitation [4].
MTBI alumnus Edgar Diaz Herrera in his PhD
dissertation [5] looked at the dynamics of visibly
symptomatic diseases such as leprosy or Ebola
on the spatial dynamics of epidemics. He asked
whether individuals will aggregate in particular
spatial patterns as a result of physically visible
symptoms. Diaz Herrera introduced the epidemiological classes of susceptible 𝑆(𝑥, 𝑡), infectious
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asymptomatic 𝐼1 (𝑥, 𝑡), and infectious visibly symptomatic 𝐼2 (𝑥, 𝑡) via the following nonlinear system
of partial diﬀerential equations in response to his
question:
𝜕𝑆
𝛽
𝜕2 𝑆
=−
𝑆𝐼1 + 𝛼𝐼2 + 𝐷𝑆 2 ,
𝜕𝑡
1 + 𝐼2
𝜕𝑥
𝜕𝐼1
𝛽
𝜕2 𝐼1
=
𝑆𝐼1 − 𝛿𝐼1 + 𝐷1 2 ,
𝜕𝑡
1 + 𝐼2
𝜕𝑥
𝜕2 𝐼2
𝜕𝐼2
= 𝛿𝐼1 − 𝛼𝐼2 + 𝐷2 2 .
𝜕𝑡
𝜕𝑥
Diaz Herrera’s model incorporated a modiﬁed
mass-action law, where the transmission coeﬃcient 𝛽 ̂ was taken to be a decreasing function
𝛽
of 𝐼2 . The growing population of the visi1 + 𝐼2
bly infectious is assumed to decrease the contact
rates between individuals. We found [6] that the
above reaction-diﬀusion system was capable of
supporting diﬀusive instabilities when 𝐼2 individuals are not infectious for too long. In this case,
aggregation occurs when 𝐷2 > 𝐷1 , rapidly when
𝐷2 ≫ 𝐷1 ; see Figure 4.

where 𝑝𝑖,𝑗 denotes the proportion of the time
that an 𝑖-resident spends visiting Patch 𝑗. We
show that when ℙ is irreducible (patches are
strongly connected), the Disease Free State is
globally asymptotically stable (g.a.s.) if ℛ0 ≤ 1,
while whenever ℛ0 > 1 there exists a unique
interior equilibrium which is g.a.s.
The patch-speciﬁc basic reproduction number
is given by
𝑛

ℛ𝑖0 (ℙ) = ℛ𝑖0 × ∑ (
𝑗=1

𝑝𝑖𝑗 𝑏𝑖
𝛽𝑗
) 𝑝𝑖𝑗 ( 𝑛 𝑑𝑖 𝑏 ) ,
𝛽𝑖
∑𝑘=1 𝑝𝑘𝑗 𝑑𝑘
𝑘

from where we see, for example, that if 𝑝𝑘𝑗 =
0 for all 𝑘 = 1, … , 𝑛, and 𝑘 ≠ 𝑖, then the disease
dies out in Patch 𝑖.

Lagrangian Approach to Epidemic Models
and Ebola
Lagrangian models (see e.g. [7]) keep track of each
individual at all times. A general SusceptibleInfectious-Susceptible, or SIS, model involving
𝑛-patches is given by the following system of
nonlinear equations:
𝑛
⎧
⎪ 𝑆𝑖̇ = 𝑏𝑖 − 𝑑𝑖 𝑆𝑖 + 𝛾𝑖 𝐼𝑖 −∑𝑗=1 (𝑆𝑖 infected in Patch 𝑗)
𝐼𝑖̇ = ∑𝑛𝑗=1 (𝑆𝑖 infected in Patch 𝑗) − 𝛾𝑖 𝐼𝑖 − 𝑑𝑖 𝐼𝑖
⎨
⎪ ̇
⎩ 𝑁𝑖 = 𝑏𝑖 − 𝑑𝑖 𝑁𝑖 ,

where 𝑏𝑖 , 𝑑𝑖 , and 𝛾𝑖 denote the per capita birth,
natural death, and recovery rates respectively.
Infection is modeled as follows:
[𝑆𝑖 infected in Patch 𝑗] =

𝛽𝑗
⏟
the risk of infection in Patch 𝑗

×

𝑝𝑖𝑗 𝑆𝑖
⏟
susceptible from Patch 𝑖 who are currently in Patch 𝑗

∑𝑛𝑘=1 𝑝𝑘𝑗 𝐼𝑘
∑𝑛𝑘=1 𝑝𝑘𝑗 𝑁𝑘
⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟

×

,

proportion of infected in Patch 𝑗

where the last term accounts for the eﬀective
infection proportion in Patch 𝑗 at time. The model
reduces to the 𝑛-dimensional system
𝑛

𝐼𝑖̇ = ∑ (𝛽𝑗 𝑝𝑖𝑗 (
𝑗=1

𝑏𝑖
∑𝑛 𝑝 𝐼
− 𝐼𝑖 ) 𝑛𝑘=1 𝑘𝑗 𝑏𝑘 )−(𝛾𝑖 +𝑑𝑖 )𝐼𝑖 ,
𝑑𝑖
∑𝑘=1 𝑝𝑘𝑗 𝑑𝑘
𝑘

𝑖 = 1, 2, … , 𝑛,
with a basic reproduction number ℛ0 that is a
function of the risk vector ℬ = (𝛽1 , 𝛽2 , … , 𝛽𝑛 )𝑡 and
the residence times matrix ℙ = (𝑝𝑖,𝑗 ), 𝑖, 𝑗 = 1, … , 𝑛,
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Figure 4. The densities for the asymptomatic
infectious 𝐼1 are plotted for 𝛼 = 0.05, 𝛽 = 1 and
𝛿 = 1.3 for the Diaz Herrera model. Slow
spatial aggregation of individuals (top) occurs
when the coeﬃcients 𝐷2 > 𝐷1
(𝐷1 = 10, 𝐷2 = 20), and fast spatial aggregation
(bottom) occurs when 𝐷2 ≫ 𝐷1
(𝐷1 = 10, 𝐷2 = 80).
Ongoing MTBI alumni work [7] uses this model
to test whether movement restrictions reduce overall transmission. We embed susceptible, exposed,
infectious, dead, and removed categories into the
simple and basic single-patch (S E I D R) model
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Table 3. Variables and Parameters of the Contagion Model.
Parameter
𝛼

Description
Rate at which asymptomatic individuals recover
(not infectious due to acquired immunity)
Per susceptible infection rate
Rate at which an infected recovers or dies
Per capita progression rate
Per capita body disposal rate
Proportion of infected who die due to infection
Scale: Ebola infectiousness of dead bodies

𝛽
𝛾
𝜅
𝜈
𝑓dead
𝜀

10

# 10

Final size

5

1.4

9

Base model values
0 − 0.458 day−1
0.3056 day−1
1
−1
6.5 day
1
−1
7 day
0.5 day−1
0.708
1.5
Final size

# 10 6

Beta2=0.122
Beta2=0.12
Beta2=0.118
No mobility

1.3

8
7

1.2

6
1.1

5
4

1

3

Patch 1
Patch 2
Cumulative
No mobility

2
1
0

0

0.2

0.4

P12

0.6

0.8

𝑁=𝑆+𝐸+𝐼+𝐷+𝑅
⎧
⎪
⎪
⎪
⎪
⎪
⎪
⎪
𝐷
⎪
⎪
𝑆 ̇ = −𝛽𝑆 𝑁𝐼 − 𝜀𝛽𝑆 𝑁
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
𝐷
𝐼
⎪
⎪
⎪ 𝐸 ̇ = 𝛽𝑆 𝑁 + 𝜀𝛽𝑆 𝑁 − (𝜅 + 𝛼)𝐸
⎨
⎪
⎪
𝐼 ̇ = 𝜅𝐸 − 𝛾𝐼
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
𝐷̇ = 𝑓dead 𝛾𝐼 − 𝜈𝐷
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪ ̇
⎩ 𝑅 = (1 − 𝑓dead )𝛾𝐼 + 𝜈𝐷 + 𝛼𝐸.
See Table 3 for a description of the parameters.
The transition from 𝐷 to 𝑅 represents the proper
and appropriate handling of dead bodies during
the burial or ritual services.
In the simplest version of our Lagrangian framework, there is a two-patch world of “residents” and
“visitors”, connected by a residence time matrix
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given by the following set of equations:
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Figure 5. Dynamics of maximum ﬁnal size in
the one-way case with parameters:
𝜀1,2 = 1, 𝛽1 = 0.305, 𝛽2 = 0.1, 𝑓death = 0.708,
𝑘 = 1/7, 𝛼 = 0, 𝜈 = 1/2, 𝛾 = 1/6.5. The initial
populations are 𝑁1 = 𝑁2 = 1, 000, 000. For most
values of the one-way mobility from Patch 1
(high risk) to Patch 2 (low risk), the cumulative
ﬁnal size of the epidemic is smaller than for
no mobility.

ℙ=(

0.9

𝑝12
).
𝑝22

Figure 6. Dynamics of maximum ﬁnal size in
the one-way case with parameters: 𝜀1,2 = 1,
𝛽1 = 0.305, 𝛽2 = 0.122, 0.12, 0.118, 𝑓death =
0.708, 𝑘 = 1/7, 𝛼 = 0, 𝜈 = 1/2, 𝛾 = 1/6.5. The
initial populations are 𝑁1 = 𝑁2 = 1, 000, 000. As
the level of risk 𝛽2 in the low-risk patch
increases, the value of positive mobility
disappears.
We explore, via simulations, the role of restrictions in movement between patches. Preliminary
simulations assume that the patches have equal
populations, but the high-risk area is assumed
to have a high population density, poor health
facilities, and limited resources, while the low-risk
area is assumed to host a sparsely distributed population and solid health facilities and resources.
This is a standard hypothesis for communicable
diseases in general, and it applies to Ebola in
particular. The parts of West Africa where Ebola
exploded are poverty-stricken areas, with much
higher density than middle or upper middle class
neighborhoods, so the hypothesis is reasonable.
Figures 5 and 6 show how mobility and risk affect the ﬁnal size of the epidemic. Sometimes
quarantining the high-risk area yields a larger
epidemic.
All diﬀerences are assumed to be captured by
the assigned 𝛽-values.
Figure 5 and Figure 6 provide some ideas of the
role that mobility and risk play in the dynamics
of Ebola in connected high/low-risk environments.
Figure 5 plots both the global and the per patch
ﬁnal epidemic size as a function of mobility from
Patch 1 (high risk) to Patch 2, exclusively. We see,
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for example, that high single-direction mobility
leads to a smaller cumulative ﬁnal epidemic size
in this case.
Of course, Figure 5 provides only part of the
story. In Figure 6 we plot global epidemic size as
a function of the level of risk in the low-risk patch
(𝛽2 ). We see from simulations that the quality of
services in Patch 2, as deﬁned by 𝛽2 , would lead
to a beneﬁcial global result only if 𝛽2 ≤ 0.12. Also,
simulations suggest that the choice 𝛼 > 0 brings
the reproduction number ℛ0 below one much
faster for a wide range of residence times.
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Electrical Transmission System Cascades and
Vulnerability: An Operations Research Viewpoint
Daniel Bienstock

MOS-SIAM Series on Optimization 22

The power grid can be considered one of twentieth-century
engineering’s greatest achievements, and as grids and
populations grow, robustness is a factor that planners must
take into account. This book sheds light on this complex
problem by introducing the engineering details of power grid
operations from the basic to the detailed; describing how to use
optimization and stochastic modeling, with special focus on the
modeling of cascading failures and robustness.
2015 • viii + 294 pages • Softcover • 978-1-611974-15-7
List $93.00 • MOS/SIAM Member $65.10 • MO22

Adaptive Treatment Strategies in Practice:
Planning Trials and Analyzing Data
for Personalized Medicine
Edited by Michael R. Kosorok and Erica E. M. Moodie
ASA-SIAM Series on Statistics and Applied Probability 21

In the statistical literature, sequential decision making is known
as an adaptive treatment strategy (ATS) or a dynamic treatment
regime (DTR). The field of DTRs emerges at the interface of
statistics, machine learning, and biomedical science to provide
a data-driven framework for precision medicine. The authors
provide a learning-by-seeing approach to the development of
ATSs, aimed at a broad audience of health researchers.
2016 • xvi + 348 pages • Softcover • 978-1-611974-17-1
List $74.00 • ASA/SIAM Member $51.80 • SA21

Stochastic Systems: Estimation, Identification,
and Adaptive Control
P. R. Kumar and Pravin Varaiya
Classics in Applied Mathematics 75

Since its origins in the 1940s, the subject of decision making
under uncertainty has grown into a diversified area with
applications in several branches of engineering and in those
areas of the social sciences concerned with policy analysis
and prescription. This book provides succinct and rigorous
treatment of the foundations of stochastic control and a unified
approach to filtering, estimation, prediction, and stochastic and
adaptive control.
2016 • xviii + 358 pages • Softcover978-1-611974-25-6
List $74.00 • SIAM Member $51.80 • CL75
All prices are in US dollars.

To ORDER
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Ordinary Differential
Equations and Linear
Algebra: A Systems
Approach
Todd Kapitula

Ordinary differential equations
(ODEs) and linear algebra
are foundational postcalculus
mathematics courses in the
sciences. The goal of this text is to
help students master both subject
areas in a one-semester course.
Linear algebra is developed first,
with an eye toward solving linear
systems of ODEs.
2015 • xii + 300 pages • Softcover
978-1-611974-08-9 • List $79.00
SIAM Member $55.30 • OT145

Lectures on BSDEs,
Stochastic Control, and
Stochastic Differential
Games with Financial
Applications
René Carmona

Financial Mathematics 01

The goal of this textbook is to
introduce students to the stochastic
analysis tools which play an
increasing role in the probabilistic
approach to optimization problems,
including stochastic control and
stochastic differential games. The
book will be helpful to students
who are interested in stochastic
differential equations (forward,
backward, forward-backward), the
probabilistic approach to stochastic
control, and mean field games
and the control of McKean–Vlasov
dynamics.
2016 • x + 265 pages • Softcover
978-1-611974-23-2 • List $84.00
SIAM Member $58.80 • FM01

applied MatheMaticS

• Access each book’s
abstract page on the
AMS Bookstore
• Preview chapter samples,
Tables of Contents,
Indexes, and author
supplemental materials
• Learn about Bookstore
sales, special discounts,
publishing highlights,
and more
It’s convenient, it’s free, and
time. Sign up today!

Please mention keycode “BKNO16” when you order.

for induStrial and

The AMS Bookstore New
Releases email alert is the
best way to keep current
with new developments in
your field and learn about
forthcoming and recently
published titles. These
monthly mailings allow
you to:

you can unsubscribe at any

Order online: www.siam.org/catalog • Use your credit card (AMEX, MasterCard, or VISA):
Call SIAM Customer Service at +1-215-382-9800 worldwide or toll free at 800-447-SIAM in USA and Canada;
Fax: +1-215-386-7999 • Send check or money order to: SIAM, Dept. BKNO16, 3600 Market Street, 6th Floor,
Philadelphia, PA 19104-2688.

Society

Timely,
Informative Alerts

3/16

ams.org/
bookstore/
emailalert

The prize is awarded each year to an undergraduate student (or students having
submitted joint work) for outstanding research in mathematics. Any student
who is an undergraduate in a college or university in the United States or its
possessions, or Canada or Mexico, is eligible to be considered for this prize.
The prize recipient’s research need not be confined to a single paper; it may be
contained in several papers. However, the paper (or papers) to be considered for
the prize must be submitted while the student is an undergraduate; they cannot
be submitted after the student’s graduation. The research paper (or papers) may
be submitted for consideration by the student or a nominator. All submissions
for the prize must include at least one letter of support from a person, usually a
faculty member, familiar with the student’s research. Publication of research is not
required.
The recipients of the prize are to be selected by a standing joint committee of the
AMS, MAA, and SIAM. The decisions of this committee are final. Nominations for
the 2017 Morgan Prize are due no later than June 30, 2016. Those eligible for the
2017 prize must have been undergraduates in December 2015.

Questions may be directed to:
Barbara T. Faires
Secretary
Mathematical Association of America
Westminster College
New Wilmington, PA 16172
Telephone: 724-946-6268
Email: faires@westminster.edu

Nominations and submissions
should be sent to:
Carla Savage, AMS Secretary
Computer Science Department
North Carolina State University
Raleigh, NC 27695-8206
or uploaded via the form available at:
www.ams.org/profession/prizes-awards/
nominations
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Photo courtesy of Arlie Petters.

Arlie Petters Interview

Arlie Petters is Benjamin Powell Professor and
professor of mathematics, physics, and business administration at Duke University. Petters is a pioneer
in the mathematical theory of gravitational lensing.

Diaz-Lopez: When did you know you wanted to be a
mathematician?
Petters: I can recall when I first learned in high school
about planetary motion. I was gripped by how geometry
captures the paths of planets. It fueled my insatiable thirst
for the interplay of mathematics and cosmic mysteries.
Diaz-Lopez: Who encouraged or inspired you?
Petters: My grandmother instilled in me the kind of
dogged determination and resiliency it takes to pursue
mathematical work over the long haul. Alhazen, Kepler,
Newton, and Einstein deeply inspired me scientifically
and mathematically.
DOI: http://dx.doi.org/10.1090/noti1365
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Diaz-Lopez: How would you describe your research to
a graduate student?
Petters: I study how gravity acts on light, particularly
in the context of black holes and extra dimensions, and
dark matter on galactic scales. The mathematical modeling
invokes tools from differential geometry, singularities of
functions, and probability theory. I also collaborate with
astronomers, which involves running simulations, fitting
data, and developing models that produce predictions that
are testable with near-future instrumentation.
Diaz-Lopez: What theorem are you most proud of and
what was the most important idea that led to this breakthrough?
Petters: Well, I won’t single
out just one theorem; it could
cause the others to feel bad.
[smiles] To mention a few, I feel
a sense of pride by the imagecounting theorems I did in
gravitational microlensing, the
theorem on the link between the
opacity of a lens and the geometry of its caustic curves, and
the magnification-invariant theorems with Aazami. These results
are difficult to infer on physical
or intuitive grounds. I should
add that as an applied mathematician working on problems in
astronomy and cosmology, my
priority is to develop and explore mathematical models
that fit with the physical problem. Theorems then emerge
as a consequence of that activity, but it is the model and
its predictions that I am really after. Along those lines, I
also feel proud of the mathematical model Keeton (astronomer) and I developed for gravitational lensing by
microscopic braneworld black holes in the semiclassical
wave optics limit.
Diaz-Lopez: What advice do you have for graduate
students?
Petters: Work on something you care about and aim
for high intellectual impact, but balance intellectual courage against the practicality of completing your thesis
within a reasonable time. Don’t be intimidated by anyone

Work on
something
you care
about and
aim for high
intellectual
impact...
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intellectually, especially by insecure showoffs. Rather,
focus on being the best at what you do. Choose an adviser
who will take the time to help you develop and flourish.
Diaz-Lopez: All mathematicians feel discouraged occasionally. How do you deal with discouragement?
Petters: I actually maintain a sharp separation between
my sense of self and my work as a mathematician. This
means I take a very clinical approach to the activity. I
never, never let what I think or feel about me get polluted
by the work. For example, if I make a mistake, I don’t view
it like something is innately wrong with me. I am human
and will make mistakes. If there is a beautiful and deep
mathematical result that I was hoping to apply to get a
breakthrough in a physical problem and the result turns
out to be unphysical or too idealized to be practically
relevant, I would immediately do a postmortem to understand thoroughly why it didn’t work and then start over
again. In a nutshell, I try my best to keep my emotions
out of the activity.
Diaz-Lopez: If you were not a mathematician, what
would you be?
Petters: I would likely become a builder. I love the
synergies among design, engineering, logistics, financial
planning, and interpersonal skills that come with being a
successful builder.
Diaz-Lopez: If you could recommend one book to
graduate students, what would it be?
Petters: “Emotional Intelligence”, by Daniel Goleman.

Images by Joachim Wambsganss.

THE GRADUATE STUDENT SECTION

Examples of the caustic curves and shadow
patterns due to gravitational lensing by stars with
a background shear and smooth distribution of
dark matter. The geometry of the caustic curves is
connected with topological invariants of the lens.

Alexander Diaz-Lopez is a PhD student at the University of Notre Dame. DiazLopez is the first graduate student member of the Notices Editorial Board.
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WHAT IS...

a Quandle?
Sam Nelson
Communicated by Cesar E. Silva

A quandle is an algebraic structure analogous to a group.
While the group axioms are motivated by symmetry—
every symmetry is invertible, the composition of symmetries is associative, and the identity is a symmetry—the
quandle axioms are motivated by the Reidemeister moves
in knot theory.
A knot diagram is a projection of a knot in ℝ3 on a
plane where we draw the undercrossing strands broken,
as in Figure 1.

Figure 2. The three Reidemeister moves relate all
equivalent knot diagrams.

Figure 1. A knot diagram.
The portions of a knot diagram running from one
undercrossing to the next are called arcs.
Two knots 𝐾, 𝐾′ ⊂ ℝ3 are considered “the same” if
there is an ambient isotopy, i.e. a continuous map
𝐻 ∶ ℝ3 × [0, 1] → ℝ3
with 𝐻(𝑆1 , 0) = 𝐾, 𝐻(𝑆1 , 1) = 𝐾′ , with 𝐻(⃗
𝑥, 𝑡) injective
for every 𝑡 ∈ [0, 1]. We can think of 𝐻 as a movie
continuously deforming 𝐾 onto 𝐾′ , with the injectivity
condition preventing the knot from passing through itself.
In the late 1920s Kurt Reidemeister proved that two
knot diagrams represent ambient isotopic knots if and
only if there is a sequence of the Reidemeister moves,
depicted in Figure 2, changing one diagram to the other,
together with planar isotopy. These moves come in three
types, called I, II, and III according to the numbers of
crossings involved; these are local moves, meaning that
Sam Nelson received his BS from the University of Wyoming in
1996 and his PhD from Louisiana State University in 2002. His
email address is Sam.Nelson@ClaremontMcKenna.edu.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1360
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the portion of the knot diagram outside the pictured
area is ﬁxed by the move. Move I involves introducing or
removing a kink, move II involves crossing or uncrossing
one strand over a neighboring strand, and move III
involves dragging a top strand past a crossing in the two
lower strands beneath it.
Let 𝑋 be a set whose elements we will use as labels
or colors for the arcs in an oriented knot diagram. Then
when three labeled arcs meet to form a crossing, we deﬁne
an operation ▷ ∶ 𝑋 × 𝑋 → 𝑋 on the labels as pictured in
Figure 3. That is, when the strand labeled 𝑥 crosses under
the strand labeled 𝑦, the result is a strand labeled 𝑥 ▷ 𝑦.
The Reidemeister moves then translate into the quandle
axioms, namely:
Deﬁnition 1. A quandle is a set 𝑋 with a binary operation
▷ such that for all 𝑥, 𝑦, 𝑧 ∈ 𝑋,
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Figure 3. When the strand labeled 𝑥 crosses under the
strand labeled 𝑦, the result is a strand labeled 𝑥 ▷ 𝑦.

(i) 𝑥 ▷ 𝑥 = 𝑥 (idempotence),
(ii) the map 𝛽𝑦 ∶ 𝑋 → 𝑋 by 𝛽𝑦 (𝑥) = 𝑥 ▷ 𝑦 is invertible,
and
(iii) (𝑥 ▷ 𝑦) ▷ 𝑧 = (𝑥 ▷ 𝑧) ▷ (𝑦 ▷ 𝑧) (selfdistributivity).
Axiom (ii) is sometimes called right-invertibility, since it
means that 𝑥 can always be recovered from 𝑥 ▷ 𝑦, though
in general 𝑦 cannot; thus, the ▷ operation is invertible
from the right but not the left.
Many familiar mathematical objects have quandle
structures:
• An abelian group is a quandle with
𝑥 ▷ 𝑦 = 2𝑦 − 𝑥,
called a cyclic quandle or dihedral quandle (since
the set of reﬂections in a dihedral group forms
this kind of quandle).
• A group is a quandle with
𝑥 ▷ 𝑦 = 𝑦−𝑛 𝑥𝑦𝑛
for each 𝑛 ∈ ℤ, called an 𝑛-fold conjugation
quandle.
• A module over the ring ℤ[𝑡±1 ] of Laurent polynomials is a quandle with
𝑥 ▷ 𝑦 = 𝑡𝑥 + (1 − 𝑡)𝑦,
called an Alexander quandle.
• A vector space with an antisymmetric bilinear
form ⟨, ⟩ is a quandle with
𝑥
⃗▷𝑦
⃗=𝑥
⃗ + ⟨⃗
𝑥, 𝑦
⃗ ⟩⃗
𝑦,
called a symplectic quandle.
• A symmetric space, i.e. a manifold 𝑋 with a point
reﬂection 𝑆𝑦 ∶ 𝑋 → 𝑋 for each point 𝑦 ∈ 𝑋, is a
quandle with
𝑥 ▷ 𝑦 = 𝑆𝑦 (𝑥).
For instance, the sphere 𝑆𝑛 is a quandle with
quandle operation 𝑥 ▷ 𝑦 deﬁned by reﬂecting 𝑥
across 𝑦 along the geodesic connecting 𝑥 and 𝑦,
as in Figure 4.
Let 𝑋 be a quandle and consider the maps 𝛽𝑦 ∶ 𝑋 → 𝑋
deﬁned by 𝛽𝑦 (𝑥) = 𝑥 ▷ 𝑦. Quandle axiom (i) says 𝛽𝑥 (𝑥) =
𝑥 ▷ 𝑥 = 𝑥 so each 𝑥 ∈ 𝑋 is a ﬁxed point of its map 𝛽𝑥 ,
and quandle axioms (ii) and (iii) together imply that the
𝛽𝑥 maps are quandle automorphisms:
𝛽𝑧 (𝑥 ▷ 𝑦)

April 2016

=

(𝑥 ▷ 𝑦) ▷ 𝑧

=

(𝑥 ▷ 𝑧) ▷ (𝑦 ▷ 𝑧)

=

𝛽𝑧 (𝑥) ▷ 𝛽𝑧 (𝑦).

Thus, we can deﬁne quandles without reference to knot
theory by saying a quandle is an algebraic structure such
that right multiplication is an automorphism for each
element, with each element a ﬁxed point of its action.
Just as the group axioms can be strengthened with additional axioms or weakened by removing axioms to obtain
structures like abelian groups or monoids, there are many
related algebraic structures with extra axioms (involutory
quandles, medial quandles), with reduced axioms (racks,
shelves), or with additional operations (biquandles, virtual
quandles). Each of these corresponds to a type of knot
theory: involutory quandles are the appropriate labeling
objects for unoriented knots, racks are the appropriate
objects for framed knots, and so on.
In 1980, David Joyce associated to each oriented knot
𝐾 ⊂ 𝑆3 a quandle 𝒬(𝐾), called the fundamental quandle
of 𝐾, and proved that 𝒬(𝐾) determines 𝐾 up to ambient
homeomorphism. That is, if two knots 𝐾 and 𝐾′ have
isomorphic fundamental quandles, then 𝐾 is ambient
isotopic either to 𝐾′ or to its mirror image. Many classical
knot invariants can be obtained from the knot quandle
in a straightforward way; for example, the Alexander
polynomial is a minor of a presentation matrix for the
Alexander quandle of the knot.
To compare fundamental quandles of knots, we can ﬁx a
ﬁnite quandle 𝑋 and count homomorphisms (i.e., maps satisfying 𝑓(𝑥 ▷ 𝑦) = 𝑓(𝑥) ▷ 𝑓(𝑦)) from 𝒬(𝐾) to 𝑋, obtaining
an integer-valued knot invariant called the quandle counting invariant |Hom(𝒬(𝐾), 𝑋)|. Such homomorphisms can
be visualized and even computed as colorings of the arcs
of our knot diagram by elements of 𝑋, making these
invariants suitable for research by undergrads and even
motivated high school students. For example, let 𝑋 be the
cyclic quandle on ℤ3 = {0, 1, 2}; then the trefoil knot has
counting invariant value |Hom(𝒬(𝐾), 𝑋)| = 9, as depicted
in Figure 5.
Quandle theory is an excellent source of easily computable yet powerful knot and link invariants. For example,
Carter, Jelsovsky, Kamada, Langford, and Saito used quandle cocycle invariants to settle the question of whether
the 2-twist spun trefoil, a knotted orientable surface in
ℝ4 , is equivalent to itself with the opposite orientation.
They do this by ﬁnding a quandle-based invariant which
distinguished the two, demonstrating that they are not
ambient isotopic.

Figure 4. The sphere 𝑆𝑛 is a quandle with quandle
operation 𝑥 ▷ 𝑦 deﬁned by reﬂecting 𝑥 across 𝑦
along the geodesic connecting 𝑥 and 𝑦.
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Figure 5. The trefoil knot has counting invariant
value 9.

Sam Nelson currently teaches at Claremont McKenna
College and recently co-authored the ﬁrst textbook
on quandle theory. When not doing mathematics, he
spins Industrial dance tracks at SoCal discotheques
as DJ AbsintheMinded.

Further Reading
1. D. Joyce, A classifying invariant of knots, the knot quandle, J.
Pure Appl. Algebra 23 (1982), 37–65. MR 638121 (83m:57007)
2. S. V. Matveev, Distributive groupoids in knot theory, Mat. Sb.
(N.S.) 119 (1982), 78–88. MR 672410 (84e:57008)
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The AMS Graduate Student Blog, by and for math graduate students, includes crossword puzzles, and a
variety of interesting columns and excerpts. This month’s blog section offers the following excerpts from
the December, 2015 blogs.ams.org/mathgradblog.

In "Looking at the Prism," djbruce discusses bias, looking at the example of sexism in teaching evaluations and
presenting a chart by Ben Schmidt “that allows you to see
how frequently various words are used in RateMyProfessor
reviews by gender and field. So for example, if you search
the word ‘genius’ we see that in every field, but especially
math, it is much more frequently used in the reviews of
male instructors as opposed to those of female instructors. On the other hand, reviews for female instructors
are much more likely to use the words ‘unprofessional’
or ‘bossy.’"

(Not) Noticing Personal Progress

djbruce is a second-year graduate student at the University of
Wisconsin.

Sarah Salmon is a graduate student in mathematics at the University of Colorado, Boulder.

by Sarah Salmon, University of Colorado, Boulder
“…how can we remember that we are getting smarter? For
me, the most satisfying way is by helping other people….
When a newer-than-you graduate student asks you a
math question and you can provide some insight, it feels
awesome!”

Courtesy of Drew Mokris.

lefthandedtoons.com
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Report on 2014–2015 Academic
Recruitment, Hiring, and Attrition
William Yslas Vélez, Thomas H. Barr, and Colleen A. Rose
Each year in academic mathematical sciences departments around the United States, new full-time faculty are recruited, and a subset of those positions are filled. The hiring infuses a new cohort of mathematical scientists actively
engaged in research and teaching. At the same time, others retire, resign, or die, and this process removes a segment
of the population of mathematical scientists. This report provides a snapshot of that process to aid in understanding
the current status of such variables as: hiring rates, gender distribution, position type, and prior experience. Along
with current data the report provides historical context to aid the reader in discerning trends and patterns.
During the 2014–15 academic year, the estimated number of full-time positions under recruitment in mathematical
sciences departments was 1,952. This figure breaks down as follows: 791 tenure-track mathematics positions, 937
non-tenure-track mathematics positions, 144 tenure-track statistics or biostatistics positions, and 80 non-tenure-track
statistics or biostatistics positions. See Figure R.1 for comparisons. For the cycles 2011–2012 through 2013–2014,
recruitment was up in comparison with the preceding three years, likely a reflection of economic conditions during that
time. In the period from 2008 to 2015, the overall percentage of positions under recruitment that were tenure-track
ranged from 48% to 63%, with the highest percentages in the first two years of this range of time.1

ŶŶƵĂůZĞĐƌƵŝƚŵĞŶƚǇĐůĞ

Figure R.1: Positions Under Recruitment in Mathematical Sciences
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■ Overall features in the 2014–2015 cycle:
 The estimated number of positions under recruitment was 1,952; this figure represents a slight decrease
from last year’s estimate of 1,970 positions; 88% (1,726) of these positions were filled.
 Females account for 29% of those hired; this is up from 23% in the previous year.
 Since 2007 recruitment has increased 61% in all Mathematical Sciences, increasing 60% in Mathematics
and 70% in Statistics.
■ Tenure-track positions under recruitment:
 Open tenure-track positions dropped 9% overall from last year, with all groups reporting decreases
except Math Private Small and Statistics, which reported increases of 77% and 3%, respectively.
 48% (935) of all positions under recruitment were tenure-track. Of these 935 positions:
 85% (793) were open to new PhDs; this is down 10% from the previous year. Only the Math Private,
Statistics, and Biostatistics groups reported increases in the number positions open to new PhDs.
 23% (213) were at the rank of associate/full professor, down 9% from the previous year. All groups
reported increases in recruitment in this category except Math Public Small, Math Private Large,
and Bachelor's.
1

Detailed information, including tables, is available on the AMS website at www.ams.org/annual-survey.			

William Yslas Vélez is a professor in the Department of Mathematics at the University of Arizona. Thomas H. Barr is AMS special projects
officer. Colleen A. Rose is AMS survey analyst.
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■ Non-tenure-track positions under recruitment:
 Non-tenure-track positions increased 8% overall, up to 1,017 from 937 in the previous year; only groups
Math Public Medium, Math Private Small, Statistics, and Master's reported decreases in recruitment in
this category.
 52% (1,017) of all positions under recruitment were non-tenure-track. Of these 1,017 positions:
 92% (931) were open to new PhDs; this is up 4% from last year.
 34% (345) were temporary (one-year) appointments; this is down 14% from the prior year.

ŶŶƵĂůZĞĐƌƵŝƚŵĞŶƚǇĐůĞ

Figure R.2: Positions Under Recruitment in Mathematics Departments by
Highest Mathematical Sciences Degree Offered
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In Mathematics Departments the number of positions under recruitment (1,728) in 2014–15 is comparable with
the previous year (1,741) but has dropped for the third consecutive year. As with the overall picture for Mathematical
Sciences, recruitment in the 2012–13 through 2014–15 cycles is higher than in the 2009–10 and 2011–12 cycles. In
comparison with 2009–10, recruitment in Doctoral departments has increased by 71%, increased in Master's departments
increased by 46%, and in Bachelor's departments increased by 52%. Over the longer period since 2004–05 recruitment in
Doctoral departments has increased by 26%, in Master's departments decreased by 45%, and in Bachelor's departments
increased by 4%. In the same ten-year period, the number of mathematics positions under recruitment has increased
by 2%.

Positions Filled
A total of 1,726 full-time positions in Mathematical Sciences were filled during the 2014–15 academic cycle, 1,554
from Mathematics Departments and 172 from Statistics or Biostatistics. Figure F.1 gives a breakdown. The total for
Mathematics is up 22% from the 2008–09 cycle and up 4% from the 2003–04 cycle. For Statistics and Biostatistics
combined, the number of filled positions is up 31% from 2008–09 and up 55% from 2003–04. One interesting feature
implicit in this data is that the success rate for filling mathematical sciences tenure-track positions over the period
2008–2014 is about 82%, whereas the success rate for non-tenure-track is about 97%.
Figure F.2 gives a breakdown on hiring by gender and department grouping. Here are further highlights and
comparisons from the data:
■ Overall features of hires in mathematical sciences:
 Of all positions under recruitment, 88% (1,726) were filled. Females hold 29% (499) of those positions.
 Of all hires, 44% (763) were tenure-track; females constitute 31% (240) of these.
 Of all hires, 56% (963) were non-tenure track; females constitute 27% (259) of these.
■ Tenure-track hires in mathematical sciences:
 Of the tenure-track positions under recruitment, 82% (763) were filled.
 Of tenure-track positions filled, 70% (536) were filled by doctoral faculty (i.e., not new PhDs). Of these
positions filled by doctoral faculty, 31% went to females. In comparison with last year, all groups except
Public Medium, Private Small, Statistics, and Biostatistics reported decreases in tenure-track hires of
doctoral faculty.
 Of the 30% of tenure-track hires who were new PhDs, 33% were female. For comparison, in 2013–14,
28% of tenure-track hires were new PhDs and 39% were female.
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Figure F.1: Positions Filled in Mathematical Sciences
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Of tenure-track hires, 27% (208) had a non-tenure-track position last year; of these individuals, 16%
were female. All groups except Applied Math and Bachelor's reported increases in tenure-track hires,
and this count is 45% higher than the previous year’s 143.
 Of tenure-track hires, 24% (181) held a postdoc last year, and 50% of these postdocs were female. All
groups except Statistics reported a decrease in the count in this category, and overall the count is 40%
less than the prior year.
■ Non-tenure-track hires:
 Of the 1,017 non-tenure-track positions under recruitment, 95% were filled.
 Of non-tenure-track hires, 40% (382) were filled by doctoral faculty (excluding new PhDs); 31% of these
doctoral faculty hires were female.
 Of non-tenure-track hires, 52% (502) were filled by new PhDs; 22% these new PhD hires were female.
 Of non-tenure-track hires, 8% (79) were filled by non-doctoral faculty; 38% of these non-doctoral hires
were female. Over half of these non-doctoral, non-tenure-track hires were in Bachelor's departments;
in Doctoral Math departments the number of non-doctoral, non-tenure-track hires decreased by 42%
over the previous year.
 Of non-tenure-track hires, 22% (214) are temporary (one-year); 28% of these temporary hires are female.
About half of temporary hires were in Bachelor's departments. Of all groups, the Master's group had
the highest percentage (42%) of its non-tenure-track hires in temporary appointments.
 Of non-tenure-track hires, 41% (391) were in postdoctoral positions; 22% of these postdocs were female.


Figure F.2: Gender of Tenure-track and Non-tenure-track Hires by Department Grouping
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■ Female hires:
 Of all hires, 29% (499) were female; of these women, Bachelor's departments hired 38%, and Doctoral
Math departments hired 35%.
 In the Doctoral Math group, female hires increased by 67% to 177.
 All groups except Applied Math, Master's, and Bachelor's reported increases in the number of female
hires over last year.
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The number of females hired into tenure-track positions dropped by 11% to 240; the number hired into
non-tenure-track positions decreased by 3% to 259.
Females accounted for 31% of all tenure-track and 27% of all non-tenure track hires; last year these
percentages were, respectively, 33% and 30%.

Faculty Attrition
Figure A.1 shows the variation in attrition from deaths and retirements among full-time faculty for the academic
years 2005–06 through 2014–15. Attrition rates reached a minimum in 2009–10, a phenomenon likely linked to economic conditions at the time. On average over the period shown, the percentage of faculty in doctoral departments
retiring or dying each year is about 1.9%, and in Master's and Bachelor's departments that percentage is about 2.4%.
Figure A.1: Percentage Full-time Faculty Died/Retired*
WĞƌĐĞŶƚŽĨƚŽƚĂůĨĂĐƵůƚǇǁŚŽ
ƌĞƚŝƌŝĞĚͬĚŝĞĚ

йŽĐƚŽƌĂůZĞƚŝƌĞĚͬŝĞĚ

йDĂƐƚĞƌƐΘĂĐŚĞůŽƌƐZĞƚŝƌĞĚͬŝĞĚ

ϯ͘Ϭ
Ϯ͘ϱ
Ϯ͘Ϭ

ϭ͘ϱ
ϭ͘Ϭ
Ϭ͘ϱ

Ϭ͘Ϭ

zĞĂƌ

* The percentage of full-time faculty who died or retired is the number of faculty who died or retired at some point during the academic year (September 1 through
August 31) divided by the number of full-time faculty at the start of the academic year.

During the same period, in the respective groups, the percentages of tenured faculty who retired averaged 3.3% for
Doctoral Math departments, 4% for Bachelor's and Master's, and 2.7% for Statistics. The majority of individuals who
are reported by their department as retiring are, in fact, members of the tenured faculty. For instance, data collected
for 2013–15 indicate that approximately 82% of those retiring were tenured. Figure A.2 provides a ten-year summary.

WĞƌĐĞŶƚŽĨƚŽƚĂůƚĞŶƵƌĞĚĨĂĐƵůƚǇǁŚŽƌĞƚŝƌĞĚ

Figure A.2: Retired Faculty as a Percentage of Tenured Faculty
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* Each percentage in this figure is the number of full-time faculty that retired at some point during the academic year (September 1 through August 31) divided
by the number of full-time tenured faculty at the start of the academic year.

Here are a few other highlights from the attrition data from the 2014–15 cycle:
■ Overall retirements by tenured faculty increased by 7% to 552.
■ Deaths and retirements increased by 7% to 587.
■ Overall retirements break down by departmental type as follows:
 41% (228) were from Bachelor's departments
 30% (166) were from Doctoral Math departments
 22% (120) were from Master's departments
 7% (38) were from Statistics departments
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Survey Groups and Response Rates
Starting with reports on the 2012 AMS-ASA-IMS-MAASIAM Annual Survey of the Mathematical Sciences, the
Joint Data Committee implemented a new method for
grouping doctorate-granting mathematics departments.
These departments are first grouped into those at public
institutions and those at private institutions. These
groups are further subdivided based on the size of their
doctoral program as reflected in the average annual
number of PhDs awarded between 2000 and 2010, based
on their reports to the Annual Survey during that period.
For further details on the change in the doctoral
department groupings, see the article in the October
2012 issue of Notices of the AMS at www.ams.org/
journals/notices/201209/rtx120901262p.pdf.

In this report, Mathematical Sciences departments
are those in four-year institutions in the US that refer
to themselves with a name that incorporates (with a few
exceptions) “Mathematics” or “Statistics” in some form.
For instance, the term includes, but is not limited to,
departments of “Mathematics,” “Mathematical Sciences,”
“Mathematics and Statistics,” “Mathematics and
Computer Science,” “Applied Mathematics,” “Statistics,”
and “Biostatistics.” Also, Mathematics (Math) refers to
departments that (with exceptions) have “mathematics”
in the name; Statistics refers to departments that
incorporate (again, with exceptions) “statistics” in the
name but do not use “mathematics.”

Math Public Large consists of departments with the highest annual rate of production of PhDs, ranging between 7.0 and 24.2 per year.
Math Public Medium consists of departments with an annual rate of production of PhDs, ranging between 3.9 and 6.9 per year.
Math Public Small consists of departments with an annual rate of production of PhDs of 3.8 or less per year.
Math Private Large consists of departments with an annual rate of production of PhDs, ranging between 3.9 and 19.8 per year.
Math Private Small consists of departments with an annual rate of production of PhDs of 3.8 or less per year.
Applied Mathematics consists of doctoral-degree-granting applied mathematics departments.
Statistics consists of doctoral-degree-granting statistics departments.
Biostatistics consists of doctoral-degree-granting biostatistics departments.
Master’s contains US departments granting a Master’s degree as the highest graduate degree.
Bachelor’s contains US departments granting a Baccalaureate degree only.
Doctoral Math contains all US math public, math private, and applied math mathematics departments granting a PhD as the highest
graduate degree.

Mathematics contains all US math public, math private, and applied math, Master’s, and Bachelor’s groups above.
Listings of the actual departments that compose these groups are available on the AMS website at www.ams.org/annual-survey/groups.

Response Rates by Survey Groups

Other Information

Faculty Recruitment & Hiring Response Rates*

The interested reader may view additional details
on the results of this survey and prior year trends
by visiting the AMS website at www.ams.org/annualsurvey.

Group

Received (%)		

Math. Public Large

24 of 26 with 24 recruiting (92%)

Math. Public Medium

40 of 40 with 34 recruiting (100%)

Math. Public Small

56 of 64 with 47 recruiting (88%)

Math. Private Large

21 of 24 with 19 recruiting (88%)

Math. Private Small

25 of 29 with 22 recruiting (86%)

Applied Math.

20 of 23 with 16 recruiting (87%)

Acknowledgements

Statistics

46 of 58 with 37 recruiting (79%)

Biostatistics

36 of 46 with 30 recruiting (78%)

Master's

129 of 175 with 75 recruiting (74%)

Bachelor's

624 of 1017 with 270 recruiting (61%)

Total

1021 of 1502 with 574 recruiting (68%)

* Doctoral programs that do not formally "house" faculty and their salaries are excluded
from this survey.
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The Annual Survey attempts to provide an accurate
appraisal and analysis of various aspects of the
academic mathematical sciences scene for the use
and benefit of the community and for filling the
information needs of the professional organizations.
Every year, college and university departments in
the United States are invited to respond. The Annual
Survey relies heavily on the conscientious efforts of
the dedicated staff members of these departments
for the quality of its information. On behalf of the
Data Committee and the Annual Survey Staff, we
thank the many secretarial and administrative staff
members in the mathematical sciences departments
for their cooperation and assistance in responding to
the survey questionnaires. Comments or suggestions
regarding this Survey Report may be emailed to the
committee at ams-survey@ams.org.
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CALL FOR NOMINATIONS

AMERICAN MATHEMATICAL SOCIETY

T

he selection committees for these prizes request nominations for
consideration for the 2017 awards, which will be presented at the Joint
Mathematics Meetings in Atlanta, GA in January 2017. Information
about past recipients of these prizes may be found in the April 2014 and
2015 issues of the Notices, pp. 398–404 and 427–429, respectively, and at
www.ams.org/profession/prizes-awards/prizes.

BÔCHER MEMORIAL PRIZE
The Bôcher Prize, awarded for a notable paper in analysis published
during the preceding six years, is awarded every three years. To be
eligible, papers must be either authored by an AMS member or published
in a recognized North American journal.

FRANK NELSON COLE PRIZE IN NUMBER THEORY
The Frank Nelson Prizes are now presented at three-year intervals for
outstanding contributions in algebra and number theory published in
the preceding six years. The award in January 2017 will be the Frank
Nelson Cole Prize in Number Theory.

LEVI L. CONANT PRIZE
The Levi L. Conant Prize, first awarded in January 2001, is presented
annually for an outstanding expository paper published in either the
Notices or the Bulletin of the American Mathematical Society during the
preceding five years.

AMERICAN MATHEMATICAL SOCIETY

EACH OF THE PRIZES BELOW IS AWARDED
EVERY TWO OR THREE YEARS.

JOSEPH L. DOOB PRIZE
The Doob Prize recognizes a single, relatively recent, outstanding research book that makes a
seminal contribution to the research literature, reflects the highest standards of research exposition, and promises to have a deep and long-term impact in its area. The prize is awarded every
three years and the book must have been published within the six calendar years preceding the
year in which it is nominated. Books may be nominated by AMS members, members of the selection committee, members of AMS editorial committees, or by publishers.

LEONARD EISENBUD PRIZE FOR MATHEMATICS & PHYSICS
The Leonard Eisenbud Prize for Mathematics and Physics honors a work or group of works that
brings mathematics and physics closer together. Thus, for example, the prize might be given for
a contribution to mathematics inspired by modern developments in physics or for the development of a physical theory exploiting modern mathematics in a novel way. The prize is awarded
every three years for a work published in the preceding six years.

RUTH LYTTLE SATTER PRIZE IN MATHEMATICS
The Ruth Lyttle Satter Prize is presented every two years in recognition of an outstanding contribution to mathematics research by a woman in the previous six years.

Further information about AMS prizes can be found at the Prizes and Awards website:
www.ams.org/profession/prizes-awards/prizes
Further information and instructions for submitting a nomination can be found at the prize nominations
website: www.ams.org/profession/prizes-awards/nominations
For questions contact the AMS Secretary at secretary@ams.org

The nomination period ends June 30, 2016.

2015–2016
Faculty Salaries Report
William Yslas Vélez, Thomas H. Barr, and Colleen A. Rose
This salary report is one part of the Annual Survey of Mathematical Sciences, a nationwide survey administered by
the AMS on behalf of the American Statistical Association, the Institute for Mathematical Statistics, the Mathematical
Association of America, and the Society for Industrial and Applied Mathematics. It provides a look at the salaries of
faculty in the Mathematical Sciences in the US by rank in several different department groupings based on discipline,
highest degree offered, and graduate counts. The graphs here are identified by those group names, and the group
definitions are given at the end of the report.
Departments were asked to report for each rank the number of tenured and tenure-track faculty whose 2015–16
academic-year salaries fell within given salary intervals. Reporting salary data in this fashion ensures confidentiality of
individual reponses, though it does mean that the reported quartiles are only approximations. The quartiles reported
have been estimated assuming that the density over each interval is uniform.
Faculty Salary Reports from prior years are at www.ams.org/profession/data/annual-survey/facsal.
Interpretation of historical trends should be made with some care. For instance, one factor influencing changes in the
mean of reported salaries year to year may be differences in the set of responding departments within the groups.

Math Public Large Group Faculty Salaries
24 responses out of 26 departments (92%)
2015–16
Rank

ϴϬ

New-Hire Asst Prof
Assistant Professor*
Associate Professor
Full Professor

ϳϱ
Percent of Total Faculty within Rank

No. Reported

ϳϬ
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45
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85,300
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88,100
92,200
132,800

2014–15
Q3
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139,352
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110–120
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50–60

<50

Ϭ

2015–16 Academic-Year Salaries (in thousands of dollars)
*Includes new hires.

William Yslas Vélez is a professor in the Department of Mathematics at the University of Arizona. Thomas H. Barr is AMS Special
Projects Officer. Colleen A. Rose is AMS survey analyst.
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Math Public Medium Group Faculty Salaries
38 responses out of 40 departments (95%)
2015–16

ϴϬ

Rank

New-Hire Asst Prof
Assistant Professor*
Associate Professor
Full Professor

ϳϱ
ϳϬ
Percent of Total Faculty within Rank

No. Reported

ϲϱ

Q1

46
238
333
690

76,300
73,900
78,000
98,300

2014–15

Median

Q3

80,200
78,500
85,200
112,600

ϲϬ

Mean

85.600
84,100
93,700
134,000

Mean

79,866
78,609
86,155
119,308

78,096
76,611
82,613
115,965

EĞǁͲ,ŝƌĞƐƐƚ

ϱϱ

ƐƐŝƐƚĂŶƚΎ

ϱϬ

ƐƐŽĐŝĂƚĞ

ϰϱ

&Ƶůů

ϰϬ
ϯϱ
ϯϬ

Ϯϱ
ϮϬ

ϭϱ
ϭϬ

>220

210-220

200-210

190-200

180–190

170–180

160–170

150–160

140–150

130–140

120–130

110–120

100–110

90–100

80–90

70–80

60–70

50–60

Ϭ

<50

ϱ

2015–16 Academic-Year Salaries (in thousands of dollars)

Math Public Small Group Faculty Salaries
55 responses out of 64 departments (86%)

Rank

New-Hire Asst Prof
Assistant Professor*
Associate Professor
Full Professor

2014–15

No. Reported

Q1

Median

Q3

47
276
389
624

66,600
65,500
70,600
87,600

70,700
70,700
76,900
98,200

75,600
76,700
84,400
113,200

Mean

Mean

70,709
70,395
78,273
106,243

72,069
69,364
76,247
102,209

>220

210-220

200-210

190-200

180–190

170–180

160–170

150–160

140–150

130–140

120–130

110–120

100–110

90–100

80–90

70–80

60–70

50–60

EĞǁͲ,ŝƌĞƐƐƚ
ƐƐŝƐƚĂŶƚΎ
ƐƐŽĐŝĂƚĞ
&Ƶůů

<50

Percent of Total Faculty within Rank

2015–16

ϴϬ
ϳϱ
ϳϬ
ϲϱ
ϲϬ
ϱϱ
ϱϬ
ϰϱ
ϰϬ
ϯϱ
ϯϬ
Ϯϱ
ϮϬ
ϭϱ
ϭϬ
ϱ
Ϭ

2015–16 Academic-Year Salaries (in thousands of dollars)
*Includes new hires.
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Math Private Large Group Faculty Salaries
16 responses out of 24 departments (67%)

Rank

No. Reported

New-Hire Asst Prof
Assistant Professor*
Associate Professor
Full Professor

Q1

14
78
61
325

74,000
85,600
100,300
135,700

2014–15

Median

96,500
96,100
108,400
163,200

Q3

Mean

102,500
102,900
125,900
208,800

91,500
94,674
113,966
174,059

Mean

97,278
92,613
103,491
148,894

EĞǁͲ,ŝƌĞƐƐƚ
ƐƐŝƐƚĂŶƚΎ
ƐƐŽĐŝĂƚĞ

>220

210-220

200-210

190-200

180–190

170–180

160–170

150–160

140–150

130–140

120–130

110–120

100–110

90–100

80–90

70–80

60–70

50–60

&Ƶůů

<50

Percent of Total Faculty within Rank

2015–16

ϴϬ
ϳϱ
ϳϬ
ϲϱ
ϲϬ
ϱϱ
ϱϬ
ϰϱ
ϰϬ
ϯϱ
ϯϬ
Ϯϱ
ϮϬ
ϭϱ
ϭϬ
ϱ
Ϭ

2015–2016 Academic-Year Salaries (in thousands of dollars)

Math Private Small Group Faculty Salaries
21 responses out of 29 departments (72%)

ϴϬ
ϳϱ
ϳϬ
ϲϱ
ϲϬ
ϱϱ
ϱϬ
ϰϱ
ϰϬ
ϯϱ
ϯϬ
Ϯϱ
ϮϬ
ϭϱ
ϭϬ
ϱ
Ϭ

No. Reported

New-Hire Asst Prof
Assistant Professor*
Associate Professor
Full Professor

Q1

24
90
109
215

76,500
76,100
81,100
104,900

2014–15

Median

83,500
82,100
88,300
122,000

Q3

Mean

91,600
90,700
96,600
143,100

81,786
82,900
88,662
128,202

Mean

77,498
79,782
85,500
125,740

>220

210-220

200-210

190-200

180–190

170–180

160–170

150–160

140–150

130–140

120–130

110–120

100–110

90–100

80–90

70–80

60–70

50–60

EĞǁͲ,ŝƌĞƐƐƚ
ƐƐŝƐƚĂŶƚΎ
ƐƐŽĐŝĂƚĞ
&Ƶůů

<50

Percent of Total Faculty within Rank

2015–16
Rank

2015–16 Academic-Year Salaries (in thousands of dollars)
*Includes new hires.
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Applied Mathematics Group Faculty Salaries
17 responses out of 24 departments (71%)
2015–16
Rank

ϴϬ

New-Hire Asst Prof
Assistant Professor*
Associate Professor
Full Professor

ϳϱ
ϳϬ
Percent of Total Faculty within Rank

ϲϱ

2014–15

No. Reported

Q1

Median

Q3

Mean

Mean

15
63
81
149

61,700
76,000
76,500
110,300

91,300
86,100
90,500
132,900

97,000
95,400
101,500
165,000

80,857
83,502
91,449
140,370

82,311
80,976
90,277
144,603

ϲϬ

EĞǁͲ,ŝƌĞƐƐƚ

ϱϱ

ƐƐŝƐƚĂŶƚΎ

ϱϬ

ƐƐŽĐŝĂƚĞ

ϰϱ

&Ƶůů

ϰϬ
ϯϱ
ϯϬ
Ϯϱ
ϮϬ

ϭϱ
ϭϬ

>220

210-220

200-210

190-200

180–190

170–180

160–170

150–160

140–150

130–140

120–130

110–120

100–110

90–100

80–90

70–80

60–70

50–60

Ϭ

<50

ϱ

2015–16 Academic-Year Salaries (in thousands of dollars)

Statistics Group Faculty Salaries**
22 responses out of 58 departments (38%)
2015–16
Rank

ϴϬ

New-Hire Asst Prof
Assistant Professor*
Associate Professor
Full Professor

ϳϱ
Percent of Total Faculty within Rank

ϳϬ
ϲϱ

No. Reported

Q1

30
110
82
181

73,800
84,600
90,300
121,600

2014–15

Median

86,800
90,600
97,500
142,500

Q3

Mean

94,000
101,100
107,900
175,600

ϲϬ

Mean

86,696
93,385
99,752
153,770

85,029
93,559
93,042
152,075

EĞǁͲ,ŝƌĞƐƐƚ

ϱϱ

ƐƐŝƐƚĂŶƚΎ

ϱϬ

ƐƐŽĐŝĂƚĞ

ϰϱ

&Ƶůů

ϰϬ
ϯϱ
ϯϬ
Ϯϱ
ϮϬ
ϭϱ
ϭϬ
ϱ

>220

210-220

200-210

190-200

180–190

170–180

160–170

150–160

140–150

130–140

120–130

110–120

100–110

90–100

80–90

70–80

60–70

50–60

<50

Ϭ

2015–16 Academic-Year Salaries (in thousands of dollars)
*Includes new hires.
**Faculty salary data provided by the American Statistical Association.

April 2016

Notices

of the

AMS	

393

2015 Annual Survey of the Mathematical Sciences in the US

Biostatistics Group Faculty Salaries**
12 responses out of 47 departments (26%)
2015–16

ϴϬ

Rank

New-Hire Asst Prof
Assistant Professor*
Associate Professor
Full Professor

ϳϱ

ϳϬ
Percent of Total Faculty within Rank

No. Reported

ϲϱ

Q1

14
84
83
100

2014–15

Median

81,300
80,300
93,200
136,300

Q3

83,400
84,500
106,000
155,800

Mean

87,500
91,800
115,200
187,300

ϲϬ

Mean

86,117
85,582
104,780
167,082

83,785
87,233
103,552
165,563

EĞǁͲ,ŝƌĞƐƐƚ
ƐƐŝƐƚĂŶƚΎ
ƐƐŽĐŝĂƚĞ
&Ƶůů

ϱϱ
ϱϬ
ϰϱ
ϰϬ
ϯϱ

ϯϬ
Ϯϱ
ϮϬ
ϭϱ
ϭϬ
ϱ
>220

210-220

200-210

190-200

180–190

170–180

160–170

150–160

140–150

130–140

120–130

110–120

100–110

90–100

80–90

70–80

60–70

<50

50–60

Ϭ

2015–16 Academic-Year Salaries (in thousands of dollars)

Master's Group Faculty Salaries
89 responses out of 175 departments (51%)
2015–16
Rank

ϱϬ

New-Hire Asst Prof
Assistant Professor*
Associate Professor
Full Professor

Percent of Total Faculty within Rank

ϰϱ
ϰϬ

2014–15

No. Reported

Q1

Median

Q3

Mean

Mean

72
372
598
665

57,500
57,300
65,100
80,200

63,500
64,000
72,900
92,100

70,300
71,200
81,600
106,800

64,750
64,453
73,899
95,664

62,230
62,527
72,622
94,018

EĞǁͲ,ŝƌĞƐƐƚ

ϯϱ

ƐƐŝƐƚĂŶƚΎ

ϯϬ

ƐƐŽĐŝĂƚĞ

Ϯϱ

&Ƶůů

ϮϬ
ϭϱ
ϭϬ

>150

145–150

140–145

135–140

130–135

125–130

120–125

115–120

110–115

105–110

100–105

95–100

90–95

85–90

80–85

75–80

70–75

65–70

60–65

55–60

50–55

45–50

40–45

Ϭ

<40

ϱ

2015–16 Academic-Year Salaries (in thousands of dollars)

*Includes new hires.
**Faculty salary data provided by the American Statistical Association.

394

Notices

of the

AMS	

Volume 63 Number 4

2015 Annual Survey of the Mathematical Sciences in the US

Bachelor's Group Faculty Salaries
306 responses out of 1,014 departments (30%)
2015–16
Rank

Percent of Total Faculty within Rank

ϱϬ

New-Hire Asst Prof
Assistant Professor*
Associate Professor
Full Professor

ϰϱ
ϰϬ

2014–15

No. Reported

Q1

Median

Q3

Mean

Mean

133
797
869
890

52,500
53,000
61,000
74,100

61,500
59,800
68,700
85,600

71,300
68,800
78,500
103,600

63,978
63,139
71,436
91,480

56,941
58,478
71,222
90,640

ϯϱ

EĞǁͲ,ŝƌĞƐƐƚ
ƐƐŝƐƚĂŶƚΎ
ƐƐŽĐŝĂƚĞ
&Ƶůů

ϯϬ
Ϯϱ
ϮϬ
ϭϱ
ϭϬ

*Includes new hires.

>150

145–150

140–145

135–140

130–135

125–130

120–125

115–120

110–115

105–110

100–105

95–100

90–95

85–90

80–85

75–80

70–75

65–70

60–65

55–60

50–55

45–50

40–45

Ϭ

<40

ϱ

2015–16 Academic-Year Salaries (in thousands of dollars)

Departmental Groupings
In this report, Mathematical Sciences departments are those
in four-year institutions in the US that refer to themselves with
a name that incorporates (with a few exceptions) “Mathematics”
or “Statistics” in some form. For instance, the term includes, but
is not limited to, departments of “Mathematics,” “Mathematical Sciences,” “Mathematics and Statistics,” “Mathematics and
Computer Science,” “Applied Mathematics,” “Statistics,” and
“Biostatistics.” Also, Mathematics (Math) refers to departments
that (with exceptions) have “mathematics” in the name; Statistics
refers to departments that incorporate (again, with exceptions)
“statistics” in the name but do not use “mathematics.” The
streamlining of language here militates against the possible
objection to foreshortening the full subject names.

Starting with reports on the 2012 AMS-ASA-IMS-MAA-SIAM
Annual Survey of the Mathematical Sciences, the Joint Data
Committee implemented a new method for grouping doctorategranting Mathematics departments. These departments are
first grouped into those at public institutions and those at
private institutions. These groups are further subdivided based
on the size of their doctoral program as reflected in the average annual number of PhDs awarded between 2000 and 2010,
based on their reports to the Annual Survey during that period.
For further details on the change in the doctoral department groupings, see the article in the October 2012 issue of
Notices of the AMS at www.ams.org/journals/notices/201209/
rtx120901262p.pdf.

Math Public Large consists of departments with the highest annual rate of production of PhDs, ranging between 7.0 and 24.2 per year.
Math Public Medium consists of departments with an annual rate of production of PhDs, ranging between 3.9 and 6.9 per year.
Math Public Small consists of departments with an annual rate of production of PhDs of 3.8 or less per year.
Math Private Large consists of departments with an annual rate of production of PhDs, ranging between 3.9 and 19.8 per year.
Math Private Small consists of departments with an annual rate of production of PhDs of 3.8 or less per year.
Applied Mathematics consists of doctoral-degree-granting applied mathematics departments.
Statistics consists of doctoral-degree-granting statistics departments.
Biostatistics consists of doctoral-degree-granting biostatistics departments.
Master’s contains US departments granting a Master’s degree as the highest graduate degree.
Bachelor’s contains US departments granting a Baccalaureate degree only.
Doctoral Math contains all US math public, math private, and applied math mathematics departments granting a PhD as the highest graduate degree.
Mathematics contains all US math public, math private, and applied math, Master’s, and Bachelor’s groups above.

Listings of the actual departments that compose these groups are available on the AMS website at www.ams.org/annual-survey/groups.
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Obtain a Special Faculty Salaries Analysis
Each year AMS provides a limited number of special faculty salary analyses to departments requesting them. These
reports are based on data gathered through the Survey and provide more nuanced comparisons with similar institutions
than is possible with the Faculty Salaries Report. In order to receive a special analysis, your department must have
responded to the most recent Faculty Survey.
Send a list of your peer institutions (a minimum of 12 institutions is required) to ams-survey@ams.org along with
the date by which the analysis is needed. (If not enough of your peer group have responded to the salary survey, you'll
be asked to provide additional institutions.) A minimum of two weeks is needed to complete a special analysis.
The analysis produced includes a listing of your peer group institutions along with their salary survey response
status; a summary table including the rank (assistant, associate, and full professor); the number reported in each rank;
the 1st quartile, median, 3rd quartile, and mean salaries for each along with bar graphs.

Acknowledgements

About the Annual Survey

The Annual Survey attempts to provide an accurate
appraisal and analysis of various aspects of the
academic mathematical sciences scene for the use
and benefit of the community and for filling the
information needs of the professional organizations.
Every year, college and university departments in
the United States are invited to respond. The Annual
Survey relies heavily on the conscientious efforts of
the dedicated staff members of these departments
for the quality of its information. On behalf of the
Data Committee and the Annual Survey Staff, we
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members in the mathematical sciences departments
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the survey questionnaires.
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the American Mathematical Society, is currently
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Society of Industrial and Applied Mathematics.
A list of current members of this committee can be
found at www.ams.org/annual-survey/AMS-ASAIMS-MAA-SIAM-Data-Committee.pdf. Comments
or suggestions regarding this Survey Report may be
emailed to the committee at ams-survey@ams.org.
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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/

COMMUNICATION

New Directions in
Numerical Computation
In August 2015 a distinguished collection of numerical analysts gathered at
Oxford to celebrate the sixtieth birthday of Nick Trefethen FRS and consider
the future of numerical analysis. Some
of the plenary speakers provided short
essays for Notices. The full collection is
online.1
In a 1992 essay, “The Deﬁnition of
Numerical Analysis”,2 Trefethen writes
of the ﬁeld, “[O]ur central mission is
to compute quantities that are typically
uncomputable, from an analytical point
Nick Trefethen
of view, and to do it at lightning speed.”
These essays explore a few of the particulars of
that mission.

Jean-Paul Berrut
Why are so many academic mathematicians content with piecewise smooth approximations to
solutions to functional equations when those solutions are known a priori to be smooth? Chebfun
impressively and beautifully demonstrates the
eﬀectiveness of smooth one-dimensional approximants. These may oscillate more than splines
of comparable accuracy, but their convergence is
faster and automatically adjusts to the smoothness of the underlying function. In contrast, the
Tobin A. Driscoll is professor of mathematical sciences
at the University of Delaware. His email address is
driscoll@udel.edu.
tobydriscoll.net/newdirections2015.

2

LN Trefethen, “The Deﬁnition of Numerical Analysis”
SIAM News, November 1992.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1363
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Bengt Fornberg
The Method—Not the Machine

A Puzzling Question about Numerical
Analysis

1

use of smooth functions in two and higher
dimensions was, until
recently, limited to relatively simple domains.
Fundamental research
on inﬁnitely smooth
two-dimensional interpolants may lead to
interesting new approaches,
yet
the
number of scientists
working on them appears to be surprisingly
Jean-Paul Berrut
small.

Photo courtesy of Burchard Kaup.

Tobin A. Driscoll, Endre Süli, and Alex Townsend, Editors

It used to be said that improvements in scientiﬁc computing capabilities originate about
equally from advances in algorithms and in hardware. During the last decade or two, the focus
has shifted to building heroic-scale supercomputing facilities. Maybe this is partly because
processing characteristics are quantiﬁable and
easy to show in lists, with national and world
records falling incessantly. However, the largest
systems require inordinate amounts of power and
infrastructure, and they also become obsolete
very quickly. Yet algorithmic opportunities are as
expansive as ever.
Endre Süli is professor of numerical analysis at the University of Oxford. His email address is suli@maths.ox.
ac.uk.
Alex Townsend is assistant professor of mathematics at
Cornell University. His email address is ajt@mit.edu.
Jean-Paul Berrut is professor of mathematics at the
Université de Fribourg. His email address is jean-paul.
berrut@unifr.ch.
Bengt Fornberg is professor of applied mathematics
at the University of Colorado. His email address is
fornberg@colorado.edu.
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Anne Greenbaum
Return to the Days of Ptolemy
In the coming years we will learn more about what
can and cannot be predicted through analysis of
data, without necessarily formulating
a
realistic
scientiﬁc
model.
Ptolemy was able to
accurately predict
planetary motions
in this way. There
is great interest today in predictions
Anne Greenbaum
of the stock market, the weather, our purchasing preferences, and
so on, mainly or entirely through the analysis of
data. This is good news for the numerical linear algebra community, as these computations require
algorithms such as the singular value decomposition and rely on theoretical analysis connected
with, for example, matrix completion problems.
It will be fascinating to see what new things
we learn about ourselves. Will there come a day
when I trust Amazon’s book recommendations
over my own instincts? What will be the eﬀects
Anne Greenbaum is professor of applied mathematics
at the University of Washington. Her email address is
greenbau@amath.washington.edu.
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when gadgets that we do not understand start
doing things that we do not expect?
This is not to say that data analysis will be
the only means of understanding. As soon as predictability is established, scientists will be looking
for explanations in terms of models and equations.
This suggests a reversal of the prevailing order of
inquiry, one that is already seen in mathematics.
Conjectures are often formed based on computational experiments, and possible steps in the proof
are tested numerically before too much time is
spent trying to prove them.

Nicholas J. Higham
Mixed Precision Computations
For the last thirty years, most ﬂoating-point calculations in scientiﬁc computing have been carried
out in IEEE double-precision
arithmetic, which provides
the elementary operations of
addition, subtraction, multiplication, and division at a
relative accuracy of about
10−16 . We are now seeing
growing use of mixed precision, in which diﬀerent
ﬂoating point precisions are
combined in order to deliver a result of the required Nicholas J. Higham
accuracy at minimal cost.
Single-precision arithmetic halves the costs of
storing and transferring data and can take half the
time of double-precision on the right hardware.
Quadruple-precision arithmetic is supported by
some compilers, and arbitrary-precision arithmetic is available in Fortran and C as well as
Python, Julia, and MATLAB™.
Multiple-precision is being used for iterative
reﬁnement in linear algebra, rectiﬁcation of algorithmic instability, and checking of results. We can
expect these practices to expand and new ones to
emerge as access to mixed precision becomes ever
easier.

Photo courtesy of Pete Carr.

Photo courtesy of Patrick Campbell, University
of Colorado.

Private industry
perpetuates legacy
algorithms
to
a
surprising extent despite the pressure
of economic incentives. One example
can be found in seismic exploration for
oil and gas. Finite differences on regular
grids for modeling
wave
propagation
Bengt Fornberg
were updated from
second to fourth order in the 1980s. Now twentieth-order ﬁnite
diﬀerences are widely used for exploration production work, but material interfaces are still
mostly treated only to ﬁrst order. As a result,
computations rely on extreme reﬁnement to keep
errors at a tolerable level. This approach has been
ﬁne-tuned on massive systems while largely ignoring the vast opportunities to exploit algorithmic
improvements. Much the same holds for geoscientiﬁc simulations of the earth’s systems, such as
climate and weather.
What matters in the long run is: the Method—not
the Machine.

Randy LeVeque
Sharing the Code
A positive development in numerical analysis and
scientiﬁc computing is the increasing interest in
archiving and sharing computer programs that are
Nicholas J. Higham is Richardson Professor of Applied
Mathematics at The University of Manchester. His email
address is nick.higham@manchester.ac.uk.
Randy LeVeque is professor of applied mathematics at the
University of Washington. His email address is rjl@amath.
washington.edu.
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Ian H. Sloan

Photo courtesy of Elias Wegert.

High Dimensionality—A New Direction for
Numerical Analysis
High-dimensional problems will be an important
part of numerical analysis in the future—perhaps
not a new one, because they were
initiated by Norbert Wiener in 1938.
The numerical analysis of high dimensionality was further advanced
in the 1950s and 1960s through the
work of the number theorists Sobol,
Hlawka, and Korobov, who (without
any help from numerical analysts)
initiated the subject of quasi-Monte
Carlo integration in many dimensions.
But high-dimensional problems have
until now been a minor theme in nuIan H. Sloan
merical analysis. I think that this is
destined to change.
A current major driver of change is uncertainty
quantiﬁcation. There are now journals devoted to
this area. A good proportion of papers in these
journals is currently on problems with moderate to

Photo courtesy of Peter Hudston.

Photo courtesy of Alan Perry.

an integral part of research publications. In mathematics it is unthinkable
to publish a theorem without including a carefully written proof.
Unfortunately we have not had the
same expectation for code written to
test algorithms.
The “reproducible research” movement is attempting to address this.
Journals and funding agencies are
starting to require reproducibility,
which is easier and more fun to
accomplish than in the past due to
improvements in technology, includRandy LeVeque
ing open-source repositories such
as GitHub, virtualization and cloud computing platforms, and browser-based notebooks for
exposition.
Some people have been practicing reproducibility for decades, and Nick Trefethen serves as a
good example. He has always enjoyed polishing
his code to make it accessible and informative
in research papers and exposition as well as in
his software packages, from SCPACK to Chebfun.
To choose just one example from his oeuvre, try
to imagine his Spectral Methods in Matlab without
the MATLAB™. It would still be a valuable book,
but without the code to learn from and experiment
with, it would have had far less impact. We should
all take such pride and pleasure in sharing our
code!

Attendees at the conference “New Directions
in Numerical Computation,” held at Oxford
University in August 2015 in honor of Nick
Trefethen’s sixtieth birthday.

high dimensionality, with the prototype of Darcy
ﬂow through a porous medium. A random ﬁeld,
modeling for instance the permeability of an oil
ﬁeld, is naturally described by an inﬁnite number
of scalar random variables, giving rise to an inﬁnitedimensional problem. A very large ﬁnite number
of random variables may be needed to obtain a
good approximation. Some buzzwords for the current crop of numerical methods are (generalized)
polynomial chaos, stochastic Galerkin, stochastic
collocation, sparse grids, multilevel Monte Carlo,
quasi-Monte Carlo, and so on.
Why is all of this interest coming now? Because
only now is the computing power available to tackle
realistic problems. Why will interest increase in
the future? Because such problems are inherently
hard and suﬀer from the famous “curse of dimensionality”. Now we are tackling only simple
versions of such problems: for example, allowing
only random ﬁelds with “ﬁnite-dimensional noise”,
small variance, and long correlation lengths. As
computers become more powerful, some areas
of numerical analysis may be eﬀectively tamed,
but high-dimensional problems never fully so.
High-dimensional problems are here to stay.

Ian H. Sloan is emeritus professor of mathematics at
the University of New South Wales. His email address
is I.Sloan@unsw.edu.au.
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Alexandre Grothendieck
1928–2014, Part 2
Michael Artin, Allyn Jackson, David Mumford,
and John Tate, Coordinating Editors

This is the second part of a two-part obituary for Alexandre
Grothendieck; the ﬁrst part appeared in the March 2016
Notices.

Yves Ladegaillerie
Alexandre Grothendieck after 1970
Starting in 1973, Alexander Grothendieck lived in Villecun,
a hamlet near Lodève (about 60 km from Montpellier),
in an old and shabby house. The house lacked comfort,
but, as he said, it had a soul. I used to go there to do
mathematics or simply to visit. Evenings were lit with
an old oil lamp, and there was goat’s milk and locally
produced organic food, which Alexander used to eat with
chopsticks, a habit he acquired in Vietnam. He was mainly
vegetarian.
His house was open to everyone: students, ecologist
pals, and sometimes a Buddhist monk with his prayerdrum. Later this monk caused some Kafkaesque legal
headaches for Alexander, who was accused of “helping a
stranger in an irregular position” when the monk’s visa
had lapsed. Alexander never refused to oﬀer this kind of
help, as he himself had been stateless for much of his life
and understood such problems very well.
For a while, Alexander drove an old Citroën 2 CV, at ﬁrst
without a driver’s license, for he had failed the test several
Michael Artin is professor of mathematics at Massachusetts Institute of Technology. His email address is artin@math.mit.edu.
Allyn Jackson is deputy editor of the Notices. Her email address is
axj@ams.org.
David Mumford is professor of mathematics at Brown University.
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At Villecun

Grothendieck lived in this house in Villecun from
1973 until 1979.

times. He also used to ride a moped, and once he collided
frontally with a car in a turn while he was looking for an
apricot in a bag behind him; he had multiple fractures
in one leg. He was anesthetized by acupuncture and, to
avoid amputation, grudgingly accepted antibiotics.
He used to sleep on a pallet on the ﬂoor. He told me
he felt well on it, as he had felt well on the one at the
internment camp, which had at one time been his only
shelter. In Montpellier he used to sleep at our home in a
sleeping bag on the ﬂoor, steadfastly refusing a good bed.
Teaching at the University of Montpellier
As a professor in the College of Sciences, he was very
accessible and did the same work as everyone else, with
diligence and devotion. On his old typewriter he typed
handouts that he generously distributed to all.
Later, when he and I were in charge of preparing some
students for the competitive “Agrégation”, we had to
come up with extended problems for them to work on.
During the entire year, Alexander came up with only one
problem, for he developed it with endless questions and
generalizations.
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His lectures were of absolute clarity. He spent a
lot of time explaining basics, but also ﬂew high into
mathematics. In the third cycle the level of the students
at Montpellier was rather low for such a teacher, who
until then had taught very high-level, selected students,
most of them French normaliens (that is, students from
the École Normale Supérieure). He became discouraged
and requested a position at the Centre National de la
Recherche Scientiﬁque, which required no teaching.

in the domain of mathematics, which brought him great
successes as well as mental stability. After the crisis of
May 1968, he turned to ecology and the mother-earth,
throwing himself, as was his way, headlong into the
struggle. He tried but failed to live in a community.

Working with Grothendieck after 1970
In 1970, as a twenty-two-year-old normalien, I received
a PhD at the Institut Henri Poincaré and got a position
as an assistant professor at the University of Montpellier.
As soon as he arrived in 1973, Grothendieck suggested
that I work with him on surface topology. So I was his
twelfth and last student for a “Thèse
d’Etat”, which I passed
in 1976. He spent a
great deal of time and
showed exemplary patience in introducing
me to his way of doing
mathematics. The relationship with him went beyond scientiﬁc activity. He often
came to our home and played with our children.
Working with Grothendieck was an amazing experience
for the young man I was. I will never forget the evenings
spent at Villecun, the two of us doing math by the light
of the old oil lamp. In Paris I had had as professors some
of the most brilliant mathematicians of the time, from
Schwartz to Cartan, but Grothendieck was completely
diﬀerent, other-worldly. Instead of translating things into
another language, he thought and spoke directly in the
language of modern structural mathematics, which he
had contributed greatly to creating.
In the 1980s I gave many seminar talks on the work
of Thurston and Teichmüller spaces. Alexander was
interested in this and built his conjectural theory of the
̄
Galois group of 𝑄/𝑄,
which he described in his Esquisse
d’un programme. At this time I was surprised to see him,
for the ﬁrst time, making many drawings.
After 1984, when he got a position at the CNRS, we did
not see him often in Montpellier. He retired in 1988 and
withdrew to the Pyrénées in 1990. We decided to respect
his wishes for solitude.
What Was Grothendieck Really Looking For?
In Montpellier, a few disrespectful people joked that
Grothendieck had a direct line to God. More seriously, I
have long wondered about his way of being. The tragic
destiny of the father—the anarchist and the enemy of all
law who had lost an arm and who abandoned his son
to pursue his own ideas, as well as the presence of the
prideful yet dependent mother—no doubt deeply aﬀected
Grothendieck’s mental structure. Throughout his life he
sought laws and forms, always beginning by naming, with
inﬁnite care, the things that he saw. He ﬁrst found them
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I will never forget
the two of us doing
math by the light
of the old oil lamp.

Grothendieck in the 1980s, when he was professor at
the University of Montpellier. In 1988 he retired and
in 1991 withdrew to the Pyrénées in solitude.
At the end of the 1980s and in the 1990s, after writing
Récoltes et Semailles, he was in a deep crisis, on the verge
of the abyss. He wrote letters that made us fear the
worst about his condition. He said ﬁnally that he had
found something he called God, and he wrote a book,
dedicated to his sons, in which he essentially says that
God is in us, the author of our dreams. His quest was
probably basically that one, that of his profound being
whose symbolization was diﬃcult for him because of his
personal history, leading to the very edge of psychosis.
Seeking serenity in his retreat in the Pyrénées, Alexander Grothendieck lived quite tranquilly. He died in
November 2014 and ﬁnally found peace. He gave us
a lot. Beyond his mathematical genius, he was a kind and
generous man; he is entitled to our eternal admiration
and respect.

Stephen Lichtenbaum
Alexander Grothendieck ﬁrst visited Harvard in the fall of
1958, when I was an undergraduate. He gave a course in
the cohomology of sheaves, which I tried to follow, brieﬂy
and unsuccessfully. He was a very dramatic ﬁgure with
his shaved head and turtleneck sweaters, and everyone
could sense something amazing about to be born.
When Grothendieck came back to Harvard in the fall
of 1961, I was a graduate student and much better
Stephen Lichtenbaum is the Roland George Dwight Richardson
University Professor at Brown University. His email address is
stephen_lichtenbaum@brown.edu.
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prepared. John Tate had given a course the year before
on the theory of schemes (preschemes at the time),
almost certainly the ﬁrst such course in the United
States and perhaps anywhere. Grothendieck created all by
himself a whirlwind of mathematical activity, giving two
seminars (on local cohomology and Picard schemes) and
one course (on local properties of maps from one scheme
to another). We students used to say that he could write
new mathematics faster than we could read it.
In his course, almost every day Grothendieck would
start oﬀ by writing the same thing on the board he had
just erased. He would write an 𝑋, representing a scheme,
a vertical arrow down from 𝑋, labeled 𝑓 and representing
a map, and a letter 𝑌, representing another scheme, the
target of the map 𝑓 from 𝑋. One day John Fogarty got
to class early, erased the board himself, and replicated
Grothendieck’s 𝑋, 𝑓, and 𝑌. Grothendieck then came in,
looked at the board, smiled, erased the board as always,
and proceeded to write his usual 𝑋, 𝑓, and 𝑌.
Grothendieck was always very approachable and loved
to talk about mathematics. I had been thinking about the
cohomology of coherent sheaves on algebraic varieties,
and the following question occurred to me. Was it true that
an irreducible variety 𝑋 of dimension 𝑑 was complete
if and only if there existed a coherent sheaf 𝐹 on 𝑋
whose 𝑑-th cohomology group was nonzero? This was
known for curves, which was a good start. I thought that,
before working on it, I would look for Grothendieck in
the common room to ﬁnd out if the answer was already
known. Grothendieck suggested that the projective plane
minus the origin might be a counterexample, but I told
him that I knew the result in that case. He said then he
would have to think about it. In two days he saw me again
in the common room and very happily told me that it was
true, he had proved it, and that the proof in fact was a
consequence of results he was presenting in his seminar
on local cohomology. However, as some compensation,
this result is sometimes referred to as “Lichtenbaum’s
theorem”.
Grothendieck was perhaps the world’s greatest exponent of “the right way of looking at things”. He
emphasized that it is not enough to state a theorem that
two objects are isomorphic; the isomorphism should be
natural, which presumably means functorial. His deﬁnitions and constructions (Hilbert schemes, Picard schemes,
Grothendieck topologies, including étale and crystalline,
the theory of motives, and many others) totally transformed the study of algebraic geometry, but these ideas
have had a far-reaching impact even beyond classical algebraic geometry. The étale topology was ﬁrst developed
in order to construct a cohomology theory for varieties of
characteristic 𝑝 that satisﬁed a trace formula and Poincaré
duality and, following Weil, could then be used to prove
the rationality of the zeta function of varieties over ﬁnite
ﬁelds. However, it also turned out to be an indispensable
tool for the study of number rings and schemes of ﬁnite
type over number rings.
It was a great privilege to be able to listen to
Grothendieck lecture, and his work has always been
a source of great inspiration to me. Serre, in a letter to
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Grothendieck, speaks of his “enveloping a problem and
dissolving it in a rising tide of general theories.” This
worked better for Grothendieck than for the rest of us,
but it is still perhaps something that we others can dream
about.

Pierre Lochak
An Enticing Maze of Bridges
Tous les chevaux du Roi
Pourraient y boire ensemble…
Indeed, as this old song you were fond of puts it, the
fountain is large enough for the king’s entire cavalry to
quench its thirst therein. You have left so much behind,
Alexandre, you who seemed to always forge ahead, never
taking stock of anything until you left this world that
was never truly yours—“le grand monde mathématique,”
as you would later derisively refer to it—ceaselessly
wandering, planning, building, whether in the large, so
it would be huge as the doomed cathedral in Beauvais,
or in the small: accommodating, ﬁtting out, polishing
down to the last detail, only to leave everything behind,
untiringly ready to soar up into the unknown, l’inconnu,
das Unbekannte, your only love. What did you expect
from life? More, of course, but more of what? You looked,
you sounded so utterly diﬀerent from Rilke, whom you
once passionately translated; yet the opening lines of the
eighth Duino Elegy could have been written for you:
Mit allen Augen sieht die Kreatur
das Oﬀene. Nur unsre Augen sind
wie umgekehrt und ganz um sie gestellt
als Fallen, rings um ihren freien Ausgang.
(The creature gazes into openness with all
its eyes. But our eyes are
as if they were reversed, and surround it,
everywhere, like barriers against its free passage.)
Except that your way into the magical Open was not
so much via the animal, but rather in your marveling
at a very special creature: le petit d’homme. Perhaps it
was a diﬀerent time altogether, and you had had more
opportunities to contemplate babies than Rilke had?!
Perhaps tiny Moses—if not tiny Mowgli—could ﬁgure an
approximation in ﬂesh and blood? But were you really
free of all those barriers? Oh, yes—or at least not far from
being free!
Before you hid from the eyes of the world, you made the
most of your ﬂeeting moment on this miserable planet;
after all, so many fairies hovered over your crib—except
there was no crib really, only a dubious blanket. So much
to experience, so much to enjoy, so much to endure.… You
did it all. Your three great discoveries, in chronological
order (quoting you): mathematics, women, meditation:
Dans le mitan du lit,
La rivière est profonde.
Pierre Lochak is a researcher at the Institut de Mathématique de
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The river ﬂows deep in the midst of its bed, and you did
drink from the fountains of our life, with no restraint,
goulûment.… Of making books there could be no end
for you, but never did you become quite weary of the
ﬂesh. You always retained a soft spot for apples. As for
mathematics, it was always with you, in you. Yet the gift
of solitude was the only one you would openly claim.
After all is said, there was one gesture that was yours,
completely: pointing to the obvious, fearlessly. An aﬃne
scheme is the spectrum of a ring, any ring; why conﬁne
oneself to “geometric rings” or weird ad hoc animals? Of
that very deﬁnition you once wrote that before you no
one had stooped low enough, stripping all the conditions.
Sorry, Alexandre, but perhaps there remained a trace of
complacency in this declaration, of fatuité, one of your
most terrible inner enemies, a hydra with innumerable
heads. Perhaps also you forgot that your formidable
technical powers made possible certain things that, for
poor—fearful?—us, sadly are not. But let’s not quibble;
quibbling was not your thing, arguing was not your thing,
dialectics was not your thing, mediation was not your
thing, maybe gnosticism always was. And let us be honest:
listening to your next of kin was not your thing either;
too “next”, too close, too crowding. Perhaps again the
gift—the curse sometimes?—of solitude. Perhaps.… But
you believed our minds are cluttered with knowledge,
much like worldly possessions famously prevent the rich
man from crawling through the eye of the needle. You
would not quite say, “Come, follow me,” but rather “Come,
look around you and listen to the silence,” and the world
of mathematics will open before your eyes. But in the end
that world, or rather that strange paradise, could not fulﬁll
you, you who wrote that the most daring mathematical
innovation was still only “intellectual,” not “spiritual.”
You looked around, at our world,
at das Diesseits, and what you saw
simply horriﬁed you. Look around!
But how can you bear what you
see?! Still pointing at the obvious.…
There was your mission, a word we
cannot avoid, you simply had to
discover it and start prophetizing.
But how can we bear it all? Gradually
you became haunted by His pervading presence, the Evil
within, le Mal, and it would slowly come to life, acquire
dreadful features, those of Satan, der Verﬂuchte. In the
end you wrote just as much on Le Problème du Mal as you
did on mathematics. And yet you had also met God and
beautifully told us about these encounters. There were
few of these, but they were so convincing, so inescapable.
Satan exists; God does as well. They are at war, at every
moment, everywhere. One day that war will end, but for
now, Satan has and will retain the upper hand, be it in
an underhanded way, inside each and everyone of us:
and this tune was heard twenty, perhaps thirty centuries
ago, a whisper that will forever roam the streets of our
cities. Inside each and everyone of us… Or almost. For
you explicitly listed “mutants,” these men (no woman
in your list; why not Marthe, the one you once loved?)
who, like you, had a mission to fulﬁll, mutants who were
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sent to this valley of tears in order to prepare for the
great mutation, when Satan will loosen his grip. Men you
admired, famous, from Darwin to Krishnamurti, from W.
Whitman to R. Steiner and Freud, or less famous, from C. F.
S. Hahneman to F. Carrasquer or Eddie Solvik. If I were in
the mood for numerology—and I know for a fact that you
sometimes were—I would note that you listed 18 mutants,
one half of 36, the number of the hidden tsadikim your
grandfather knew so much about; the anonymous pillars
of our world. But then, could you possibly be added to
the list?
So She—or should I perhaps write He, der Tod?—came
to get you in the end; not the evil One, le Maudit, der
Verﬂuchte, not He who, you said, turns down here into an
accursed world, a swirling carousel of egos. In the end She
quietly tiptoed, the way She always does and always will.
Oh, but I forgot; le lyrisme—your word again—lyricism,
was never your thing. In truth you positively hated any
trace of it, like yet another mask to be torn oﬀ. Let me
sober down then, the way you told Her to, the way you
looked Her straight in the eyes, rejecting the last slippery,
treacherous words. May you rest in a hard-fought and all
too well-deserved peace:
Et nous y dormirions,
Jusqu’à la ﬁn du monde.

Barry Mazur
Thinking about Grothendieck
During the early 1960s Grothendieck’s conversations had
a secure calmness. He would oﬀer mathematical ideas
with a smile that always had an expanse of generosity
in it. Firm feet on the ground, sometimes barefoot.
Transparency: his feelings toward people, toward things,
were straightforwardly felt, straightforwardly expressed—
often garnished with a sprig of morality. But perhaps
the word “morality” doesn’t set the right tone: one
expects a dour or dire music to accompany any moral
message. Grothendieck’s opinions, observations, would
be delivered with an up beat, an optimism, a sense
that “nothing could be easier in the world” than to view
things as he did. In fact, as many people have mentioned,
Grothendieck didn’t butt against obstacles, but rather
he arranged for obstacles to be dissolved even before he
approached them. The mathematical road, he would seem
to say, shows itself to be “the correct way” by how easy
it is to travel along it. This is, of course, a vastly diﬀerent
“ease” from what was an intellectual abomination to
Grothendieck: something he called, with horror, tourner
la manivelle (“cranking it out”).
Simplicity was a great virtue for him—in ideas, in
material possessions, in food. The main objects in his
living room when he lived in an apartment at Résidence
Gratien in Bures-sur-Yvette were a wrought iron statue of
a goat, a large urn ﬁlled with oil-cured black olives, a small,
somewhat rickety table on which perched his typewriter.
Barry Mazur is the Gerhard Gade University Professor of Mathematics at Harvard University. His email address is mazur@
math.harvard.edu.
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You could meet him on the way from market during the
weekly market day in Bures, carrying only one ample bag
of grapes, eating them as he walked and oﬀering them to
you.
His hospitality was startling. Later, when he lived near
the RER stop Massy-Verrière, he once invited an entire
family who needed lodging to stay in his basement and
to bring with them their in-laws. He helped them install a
taramasalata machine there to give them some economic
activity.
In encountering a shopping mall when he visited
Cambridge, MA, his only utterance was an Elizabethan
“Let us ﬂee.” How sparing he was in any activity other
than mathematics during the sixties! As a result, some
of his nonmathematical experiences at that time had
revelatory force for him. He returned to Bures from Paris
one day, saying that he’d just seen the ﬁrst movie he
had seen in twelve years (Butch Cassidy and the Sundance
Kid) and was struck by its moral complexity. The one
nonmathematical book I know he was reading with intense
respect at that epoch was a volume entitled History of the
Jews (I’ve forgotten its author or the language in which
Grothendieck was reading it). John Tate writes that Moby
Dick was Grothendieck’s favorite novel.
After Grothendieck oﬃcially left the Institut des Hautes
Études Scientiﬁques (IHES), he did show up at the IHES a
few times. Gretchen and I would invite him for lunch in the
pavilion we were staying at in the Résidence de l’Ormaille.
The predominant theme and message of his conversation
at these lunches was how much he felt mathematics to
be a siren song, a distraction, and how I should free
myself from it to open up to a wider psychologically
aware existence. I would give counterarguments.
The mathematical talks I had with him, as I remember
them now, were largely, perhaps only, about viewpoint,
never about speciﬁcs (with the exception of a conversation
about diﬀerential structures on conjugate complexiﬁcations of an algebraic variety over a number ﬁeld).
Grothendieck’s message was clear throughout: that everything important will follow easily, will ﬂow, from the
right vantage. It was principally “the right vantage”, a way
of seeing mathematics, that he sought, and perhaps only
on a lesser level its by-products.
People have written about Grothendieck’s intense
category-theoretic genius. The phrase “categorytheoretic”, as far as it goes, is correct as a very
vague pointer to Grothendieck’s attitude, where, for
example, Yoneda’s Lemma plays such an important role.
Yoneda’s Lemma asserts that an object 𝑋 of a category is
determined (up to unique isomorphism) by the functor
that records morphisms from each of the objects of
that category to 𝑋. Or, in more evocative terms, a
mathematical object 𝑋 is best thought of in the context
of a category surrounding it and is determined by the
network of relations it enjoys with all the objects of that
category. Moreover, to understand 𝑋 it might be more
germane to deal directly with the functor representing
it. This is reminiscent of Wittgenstein’s “language game”,
i.e., that the meaning of a word is determined by, in fact
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is nothing more than, its relations to all the utterances in
a language.
Treating objects as functors was second nature to him,
but that was the least of it; Grothendieck’s view goes
much further than that. For example, as if it were the
most natural thing in the world, the mathematical objects
𝑋 that he dealt with would often be deﬁned directly
in the context of all possible families of variations 𝑋𝑡
of those objects (e.g., 𝑆-schemes rather than algebraic
varieties). One of his many great innovations gives us
a deep understanding of what it means to pass from a
global view of an object to a more local view of “locales”
in the object or, going the other way, to agglomerate from
the local to the global.
These words, of course, hardly begin to touch on the
grandeur of the person he was or of the ideas he has
taught us.

William Messing
In the late autumn of 1963, Grothendieck’s name was
mentioned by a friend who was a ﬁrst-year graduate
student at Penn and was taking a course given by Shatz. I
promptly bought EGA [Eléments de Géométrie Algébrique
chapitre I ], and, entirely ignoring its admonition “il est
recommandé au lecteur de ne se reporter au chapitre
0 … ,” I read it, albeit with diﬃculty, over the next year
and an half. At Princeton, as a graduate student, I was
lucky to have a good relationship with the mathematics
librarian, Anne Kenney, who kept in her oﬃce the PamC
collection of unpublished and poorly circulated seminar
and course notes. Many items were, as far as I know,
unavailable outside Paris and Cambridge. She guarded
these treasures closely but permitted me to check out
many of them, including individually bound fasicules.
In this manner I was introduced to FGA, SGA1, SGA2,
SGA3 (then SGAD), SGA4 (then SGAA) [FGA=Fondements
de la Géométrie Algébrique, SGA=Séminaire de Géométrie
Algébrique].
The ﬁrst time I encountered Grothendieck was when, in
the early autumn of 1966, he gave three lectures at Haverford College. The ﬁrst lecture was elementary, although
at the break for tea I overheard one undergraduate say to
another, “Why doesn’t he cut out the bullshit and deﬁne
‘ﬁeld’.” It was during the second lecture that he referred to
Deligne as “a bright young Belgian who has proved that a
coherent topos has enough points.” The third lecture was
devoted to explaining his May 1966 Pisan letter to Tate
on crystals and the conjectural relation with Barsotti-Tate
groups. At the time, this lecture was over my head, and it
was not until the summer of 1967 when, at the Bowdoin
conference on algebraic geometry, Oda gave Katz and me
copies of the letter to Tate, with its amazing “commentaire
terminologique”, that I had a glimmer of understanding
of what my early research would be devoted to.
William Messing is professor of mathematics at the University of
Minnesota. His email address is messing@math.umn.edu.
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In 1960 Grothendieck resigned from Bourbaki.

Translation of Letter of Resignation from Bourbaki:
To Mr. Nicolas Bourbaki
Paris October 9, 1960
Dear Sir and my dear Master,
I thank You for your letter, marked by both wisdom and clemency. Indeed it seems pointless that
a personal disagreement could be the occasion for
the departure of a disciple. I recognize that it was
pointless for me to wait for the Master to arbitrate
a quarrel that did not concern him and that such
arbitration would resolve nothing.
I have asked myself many times over the years
of my collaboration with the Master whether my
lack of social skill, my impassioned character, and
my repugnance for overcoming the repugnance of
others, did not render me unsuitable for a productive
collaboration during the meetings. No longer wanting
to search for the cause anywhere except in myself, I
now think that it is better this way and that I reached
earlier than the traditional age the moment when I
would better serve the Master by my departure, rather
than remaining as a result of His kind insistence.
I will endeavor to remain worthy of the teachings
that You for so long lavished upon me and not to
betray the spirit of the Master who, I hope, will remain
visible in my work as it has been in the past.
Your very devoted pupil and servant,
A. Grothendieck
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William Messing writes: “In the folder where I found
[Grothendieck’s letter of resignation from Bourbaki],
I found Grothendieck’s handwritten notes for his
June 22, 1971, Collège de France lecture, in which he
proved that Barsotti-Tate groups and truncated
Barsotti-Tate groups can be inﬁnitesimally lifted. This
theorem is based upon the deformation-theoretic
formalism developed in the second volume of Luc
Illusie’s thesis Complexe Cotangent et Déformations II,
Springer Lecture Notes, volume 283, and is used
crucially in my thesis The Crystals Associated to
Barsotti-Tate Groups: With Applications to Abelian
Schemes, Springer Lecture Notes, volume 264.”

During July 1970 there was an algebraic geometry summer school at the Université de Montréal featuring four
series of lectures by Abhyankar, Artin, Grothendieck, and
Nagata. I devoted essentially all my eﬀort to following
Grothendieck’s lectures on Barsotti-Tate groups and discussing them with him. July 20, 1970, was also the birth of
the Survival group and movement. I was at the time, and
remain, politically on the extreme left, and the syndicalist
orientation in opposition to nuclear arms and environmental crimes was appealing to me. Thus, I became Survival’s
treasurer for the North American continent. My wife, Rita,
and I invited Grothendieck to dinner. As Montreal had
adequate Jewish cuisine, we served bagels, cream cheese,
lox, and sturgeon. Grothendieck was enchanted, reporting
that he recalled bagels from his early childhood in Berlin
but had not had them since. At David Lieberman’s request,
Grothendieck gave an extra lecture on motives. Originally
scheduled for an hour, it lasted more than three. In this
lecture Grothendieck stated carefully a variant of Ogus’s
absolute Tate cycle conjecture, namely, that absolute Tate
cycles should be algebraic cycles, and said he had more
conﬁdence in this than in either the Hodge or the Tate
conjecture.
In January 1971, I visited Grothendieck in Kingston,
Ontario, where he was lecturing at Queen’s University. I
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stayed in his small studio for three days, during which time
we discussed my forthcoming thesis, other mathematics,
and Survival. In my 1964 Buick we drove three hours
each way to visit Alex Jamieson, an Iroquois activist
living on a reservation in northwestern New York State.
Jamieson was involved in a dispute with the government
over violation of treaty rights, and Grothendieck wanted
to understand the issues so that Survival could assist
Jamieson. Jamieson invited us to have dinner with him
and his family, who were, to put it mildly, not living on
Easy Street. The family’s meal that evening consisted of
canned soup to which fried pork fat had been generously
added. Grothendieck, who was a vegetarian at that time,
was able to respectfully decline to partake. I managed,
with considerable eﬀort, to consume a modest amount.
Grothendieck arrived in Princeton on April 12, 1971,
and gave a talk on topoi and new foundations for topology
and a talk on Survival and the responsibilities of scientists.
This second talk led to heated discussion, and some
participants expressed the view that Grothendieck should
stick to proving theorems. Susan and Eric Friedlander
invited Grothendieck, Taﬀy and Phillip Griﬃths, Serge
Lang, and Rita and me to dinner on Tuesday, April 13.
Grothendieck told me, as though it was obvious, that he
fasted on Tuesdays. Nevertheless, he came to dinner and
ate nothing, but, with a big smile, asked Lang whether he
or Sammy (Eilenberg) were yet married.
Having defended my thesis in early May, I traveled
with Rita, who was then in her ninth month of pregnancy,
and our Saint Bernard dog Dagger, arriving at the IHES
on June 6, 1971, for a six-month visit. Later that week
Grothendieck invited us for dinner at his Massy-Verrières
house, where we met his wife, Mireille, and their three
children. As Rita was not yet proﬁcient in French, English
was spoken, and Grothendieck and Mireille corrected each
other’s pronunciation, while the Messings attempted to
remain neutral. I attended Grothendieck’s Collège de
France lectures on June 8 and June 15, but was unable
to attend the June 22 lecture, as our son, Charles, was
born that day at the American Hospital in Neuilly. Early
that evening, Grothendieck called, noting that I had
not attended his lecture, and when I told him why, he
congratulated us. A few days later he showed up at
our Ormaille pavilion with an infant’s outﬁt for Charles,
explaining that Mireille had selected it, having more
expertise than he did.
Over the course of that summer I went on Tuesday
evenings to Grothendieck’s house, where Survival would
meet. In early August during the traditional vacances, I
brought my parents to his house to meet him, and with
his own family dans la campagne, he was a ﬁne host.
During the autumn, there were Survival meetings both at
his house and in Paris apartments. These were attended
by both Chevalley and Samuel on a regular basis.
We spent the summer 1972 again at the IHES, and on
July 13 I received a telephone call from Grothendieck,
inviting me to come to the friend’s apartment where he
was staying with Justine. While we talked, I noted that
he was becoming increasingly impatient as he watched
her trying to delicately remove the tinfoil seal on a
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plastic container of milk. This was stress provoking for
both of them, and Grothendieck resolved the issue by
poking his thumb through the foil so that Justine could
ﬁnally drink some milk. The number of words that I
have been permitted forces me to refer to pages 1201–
1203 of A. Jackson’s November 2004 Notices article on
Grothendieck for additional remarks.
Let me close by brieﬂy discussing Récoltes et Semailles
and my reactions to it. Since November 1985, when I ﬁrst
saw it, I have strongly felt that Gide’s “please do not
understand me too quickly” is essential when discussing
this text. Malgrange’s immediate reaction was “One does
not cite Newton each time one takes a derivative.” Accurate, but irrelevant. This voyage of (self-) discovery
is unlike any other text I know. It is simultaneously a
passionate cry of anguish and a meticulously detailed
reﬂection on Grothendieck himself, as well as on his interactions and relations with other individuals, particularly
mathematicians. I return to it regularly.
Let me quote from a text found in my oﬃce on
February 6, 2015. It is titled “Réﬂexions Mathématiques,
by Alexandre Grothendieck” (n.b., the “re” rather than
“er”) and dated December 13, 1985:
After a twelve years’ silence, the time has come
for the author’s works of maturity, with his vision
and style renewed. Here is a day-by-day account
of an explorer’s travel—going on through the
very act of writing—with occasional reﬂections
on the travel (as well as on the traveler and
on the manifold world around him) recapturing
its genuine nature of an impassioned adventure,
rooted in life.

David Mumford
Recollections of Grothendieck
I learned math in the 1950s and loved both its clean,
elegant foundations and the wonderful zoo of constructions that it spawned. In algebraic geometry the zoo was
well populated (see Semple and Roth, for example) but
the foundations were a mess. Oscar Zariski and André
Weil knew that classical geometry had to be merged with
the power of algebra and with the challenges of number
theory, but both produced what felt like Rube Goldberg
Machines to do this. Enter Grothendieck—schemes and
functors arrived like a blast of fresh air. Clearly he was
doing it right.
And Grothendieck himself was a blizzard. Here are two
stories about his visit to Harvard in 1959 that illustrate
aspects of the man. First, he paid no attenton at all
to conventions. I have failed to conﬁrm the ﬁrst by
searching the Harvard archives, but what I recall clearly
was Oscar telling us he was having trouble arranging
Grothendieck’s visit. An oath that you would not work
to foment revolution was required on entry to the USA.
Grothendieck demurred. But maybe, he suggested, he
David Mumford is professor emeritus of applied mathematics at
Brown University. His email address is David_Mumford@brown.
edu.
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could collaborate with us from jail if they allowed him
enough books and visitors? Fortunately an alternate
solution was found. He always pursued his own path.
Another instance was when, at a conference in Mumbai,
we were taken to the famous sculptures at Elephanta
Island; he disappeared, going oﬀ instead to visit the local
ﬁshing village. How the people lived was more interesting
to him than dead stones.
Secondly, his dedication to his
work was total. Students saw this
and put on a skit at Christmas time.
In it a student asks an unnamed
professor if he might start a seminar
to explain such and such a theory.
“Good,” says the professor, but every
hour of the week is checked and has
a conﬂict. “How about Sunday at
11?” says the prof. To understand
how hilarious this was you need to
place yourself in Yankee territory in
the 1950s: Every God-fearing soul
would be in church at 11 on Sunday!
They knew this was Grothendieck. His intensity was such
that he worked anytime, any place, whether it was writing
or lecturing, and he was always ready to explain his ideas
and work with anyone.
Speaking of his seminars, I have never met anyone
who wrote so fast, so ﬂuidly yet legibly on a blackboard.
A Chinese student told me it was called “grass writing”
in Chinese—the imprint of gusts of wind blowing across
a ﬁeld of grass. It felt as though in the handwriting
you could see the speed with which his thoughts raced.
While this was inspiring, my main problem was that in
every iteration of his theories, he generalized things a bit
further—Why noetherian? Why separated? etc. Personally,
I needed a sturdy place to make into algebraic geometry
home base and not have to worry about vast stretches
of theory where I had no examples to act as guideposts.
On the other hand, Mike Artin, Hei Hironaka, and I had
been trained by Oscar and had a font of examples from
Enriques’s Le Superﬁcie Algebriche, so we became the
go-to guys when Grothendieck needed to see if there were
easy counterexamples to a conjecture. Our reward was
wonderful explanations of his new ideas in his letters to
us.
I spent the spring of 1968 at the IHES and attended
his lectures. The beautiful glass-walled lecture room, set
amidst gardens and forests of the Bois Marie, was an
idyllic setting in which to learn to follow oral French
math (“ash-uhn de eegrek”, 𝐻1 (𝑌)). But at that time,
Grothendieck was already looking beyond the airtight
world of math, fasting a day every week out of respect
to the Vietnamese, including the day he invited my wife
and me to dinner. One sensed that his Éléments were on
a divergent path and could never be ﬁnished. So it turned
out. I wish I had been closer personally to him and knew
better the series of quests that engaged him. I have never
met anyone as deep and as passionate.

Grothendieck in 1961.

Jacob Murre
The ﬁrst time I saw Grothendieck was in 1955 in Chicago,
where he gave a lecture, and the next time was in 1958
at the International Congress of Mathematicians (ICM)
in Edinburgh. On both these occasions I had only a
superﬁcial contact with him.
In the spring of 1959, Nico Kuiper, who later became
director of the IHES but at that time was a professor at
the University of Wageningen in the Netherlands, invited
Grothendieck for a lecture. After the lecture Nico invited
us to his house, and there Grothendieck and I had a
long discussion. At that time the Picard variety was a
topic of central interest. The Picard variety had been
constructed algebraically by Matsusaka, Weil, and Chow,
but in positive characteristic Igusa had discovered a
number of mysterious pathologies. Grothendieck knew
about these facts. I asked him if he was able, with his new
theory of schemes, to explain this behavior and to remove
the pathologies. He told me that as yet he had not been
thinking seriously about this problem because the Picard
theory would be treated only in chapter XII [sic!] of EGA.
However, he told me that he certainly would solve these
problems! I did not say much, but I was very skeptical.
However, as we know now, Grothendieck fulﬁlled his
promise and completely clariﬁed the matter, of course
not in EGA XII, but in his two beautiful Bourbaki lectures in
1962. There he constructed the Picard scheme, which does
have all the good properties and from which it becomes
clear why the Picard variety had these pathologies.
Already in 1958 I had been very impressed by
Grothendieck’s lecture in Edinburgh at the ICM. However,
I am a student of Weil (I was on a fellowship at the University of Chicago in 1954–56 in order to study algebraic
geometry with Weil), and, thinking of all the eﬀorts I had
Jacob Murre is emeritus professor of mathematics at the University
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made to learn the “Foundations”, I hesitated very much to
make the “transition from Weil to Grothendieck”. Finally,
I decided to ask advice from Weil himself; I admired
him very much and felt sure that he would give me the
right advice. Weil had moved already to the Institute
for Advanced Study in Princeton. In the spring of 1960
I visited him, and during a walk in the woods around
the institute I asked him his opinion. Weil said to me:
Grothendieck is very strong; he has done things “none
of us” has been able to do. Weil’s advice was clear (and
great!). So I started to study schemes (new foundations
again!).
Grothendieck invited me to visit the IHES. I was there
for the ﬁrst time in 1962, from January until June. At
that time Grothendieck’s seminar (it was SGA2) was still
in Paris. Here are some recollections from that period.
Arriving before the lecture, one could be almost sure
that Serre was already there in lively discussion with
Grothendieck. Dieudonné was present and also Néron,
who was that year a visitor at the IHES, and there were of
course the French students and some foreigners. For the
ﬁrst couple of weeks, after Grothendieck’s lecture, Néron
also lectured on his theory of “Néron models”.
Grothendieck was always busy, discussing either with
Serre or with his students, so during these Tuesday
seminar days I did not have much opportunity to talk
with him. However, Grothendieck invited me to come and
discuss at his home. At that time he was living in Paris
on the Ile de Jatte. I was there a couple of times and also
met his family there.
During these visits I came alone, and hence I had full
opportunity to ask him questions. No matter how simple
my questions must have been for him, Grothendieck
always answered patiently. Of course I asked him often to
explain parts of his work, which in the ﬁnal written version
is often so general and overwhelming. However, when he
explained it to me, his point of departure was always a
natural concrete problem, and his ensuing steps became
understandable and natural. It was great to hear him
explain his marvelous ideas and to see how his brilliant
mind attacked the problems. These visits to his place,
ﬁrst in Paris and in later years in Bures and Massy, were
great, and I treasure them most among my mathematical
recollections.
One of the ﬁrst things I asked him was why he had
developed the theory of schemes. The theory of algebraic
varieties was (and still is!) a beautiful theory full of
deep theorems and challenging problems: why schemes?
Grothendieck answered me as follows. He said these
nilpotent elements are in algebraic geometry by nature.
Neglecting them, i.e., killing them, is artiﬁcial, a brutal
amputation that might lead to confusion and pathologies.
By contrast, by taking the nilpotent elements into account,
these pathologies will disappear by themselves, and
moreover the nilpotent elements provide us with powerful
new technical tools to attack problems!
His answer opened my eyes! Grothendieck did not
develop the theory of schemes for the sake of generalization, but he did see that in order to understand algebraic
varieties you do need schemes, and this was the reason
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(or at least one of the reasons) why he developed the
theory of schemes. How right he was! To mention only one
example, think of the above-mentioned problems with the
Picard variety in positive characteristic. In order to see
what is going on—also for varieties—you need the Picard
scheme. And concerning the power of nilpotent elements,
think of Grothendieck’s brilliant method of studying the
algebraic fundamental group of an algebraic curve in
positive characteristic by lifting the curve, via nilpotent
elements, to characteristic zero.
In my opinion Grothendieck’s main strategy in mathematics was to place the problem in its natural setting and
context; this often requires generalizing the problem, but
this generalization is by itself not the main objective.
As is well known, the IHES moved in 1963 to Buressur-Yvette, and Grothendieck and his family moved also
to Bures and later to Massy. During the period 1963–
69, I visited the IHES regularly but usually only for
short periods. During these visits most of my discussions with Grothendieck centered around questions of
representability and around the algebraic fundamental
group.
The last time I visited him at his house was in 1969 in
Massy. As usual during my visits I asked him also about
the current status of the Weil conjecture. He said, in 1969,
that he would not be surprised if one of “these young
persons” (he mentioned Deligne and Bombieri) would
come up with a solution, because he thought that only
one new idea would be suﬃcient to overcome the diﬃculty.
As we now know, he was right, but the idea was very
diﬀerent from what he had hoped for!
The last time I met Grothendieck in person was at the
ICM in Nice in 1970. By that time his interest had shifted
from mathematics to ecology and to “Survivre”. I attended
with him one of the meetings of Survivre, and walking
back with him after the meeting, I said to him that my
impression was that a large part of the participants did
not share at all his idealism and that they grouped around
him only because of his fame. Of course, he strongly
disagreed.
After 1970 I still corresponded with him, not frequently
however, and sometimes there were interruptions of more
than a year. It was a friendly correspondence, not on
mathematics but only on commonplace things. I lost
contact with him in 1991 when he withdrew to the
Pyrénées.
Of course I admire Grothendieck as one of the greatest
mathematicians of the twentieth century. But I admire him
also for other things: for instance, for his sincere anxiety
for the future of humankind, for his principled stand
against militarism, and for his refusal to compromise
his convictions, thereby accepting all the—often bitter—
consequences for himself.
I want to, and actually do, remember him the way he
was during the time that I met him in Paris and in Bures: a
genius, generous, helpful, optimistic, and cheerful. I ﬁnd
myself privileged to have met him and to have known
him.
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Valentin Poénaru
Alexander Grothendieck was always known to me as
Shurik. He had a unique style of doing math. While
normal mathematicians proceed from bottom to top,
starting with worked-out examples, he proceeded exactly
the other way around. He tried to ﬁnd ﬁrst the correct
level of generality at which a mathematical problem had
to be stated. He called that the “just level” (le niveau
juste). For him, “logically correct” and “morally just” were
essentially synonymous.
For Shurik, when facing a math problem, the important
thing (and as far as he was concerned the hardest) was
to identify the good statement at its proper level of
generality. And from then on it was only moral that the
proof should ﬂow naturally and freely.
I will quote now, freely, from him. Do not try to crack a
mathematical problem like a hard nut with a hammer, but
rather let it dissolve like a piece of sugar in a cup of tea.
Also, try sometimes to forget your problem, which looks
too hard, and let it just sit dormant in your mind, like a
fruit that must ripen. And never work at only one single
problem at any given time; you might just turn blindly
around, on the same spot, without ever advancing.
Here now are some metaphors that I or friends of mine
have used, at various times, concerning Grothendieck’s
style. Usually, mathematicians like to walk along narrow
little paths in unknown landscapes, looking for beautiful
scenery or just for precious stones, but when Shurik
wanted to get somewhere, he started by building a
highway. Where some mathematicians might build an
acrobatic bridge between two distant mountain tops,
Shurik would just ﬁll up the space between.
One has to be a Grothendieck to be able to function
this way, and to the best of my knowledge nobody else
ever did it. Clearly also, it is quite taxing on the one who
does do it.
I do believe that at some point he got tired of the way
in which he was doing things. This fatigue, in addition
to personal problems into which I will not go, made him
bifurcate out of mathematics for a long time.
Years later, a second Grothendieck reappeared, with a
much less formal mathematical style. Although he hardly
published anything at this time, what he did again had a
tremendous impact both in mathematics and very likely
in physics too.
I will only say here a few words about one of his last
pieces, “Dessins d’enfants”. This is a pure gem and totally
surprising. With minor restrictions, a connected graph
on a surface corresponds canonically to a number ﬁeld.
Riemann, Weierstrass, and Dedekind would have loved
this. The discovery was quite up their alley, but it was left
for Shurik to ﬁnd.
I will move now to another topic concerning Shurik.
We will move back in time, to October 1969 or 1970.
It was my birthday, and my wife, Milen, had planned a
small birthday party, to which she invited a couple of
Valentin Poénaru is professor emeritus at the Université Paris-Sud.
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good old friends of mine. So, she invited Shurik and his
wife, Mireille, and also an old childhood friend of mine,
Mircea Dumitrescu, who had then recently escaped from
Romania. Since both for Shurik and for Mircea, this ﬁrst
encounter was very important, I have to say a few words
concerning Mircea. He had once been a very good medical
doctor, but then he turned, in a big way, to molecular
biology. There was certainly nothing very ecological nor
particularly virtuous about him. He was passionate about
molecular biology, but, except for the human species, his
interest in plants or animals was minimal.
But Mircea was brilliant, and to my tremendous surprise, his encounter with Shurik established a great
friendship at ﬁrst sight.
Mircea very rapidly convinced Shurik that he had
missed something big: the rich complexity of genetic
material DNA and RNA and of proteins, which all meant
life.
Shurik invited him for four months to the IHES, with
the speciﬁc purpose of learning molecular biology from
him. So, Mircea came and gave a very beautiful series
of lectures. Apart from Shurik, the public consisted of
Egbert Brieskorn, Barry Mazur, David Ruelle, and me of
course, plus occasional visitors.
We were all amazed, not only by Shurik’s initial total
ignorance of any science outside mathematics but also by
the speed with which he caught up.
I believe that out of this contact with the biological
sciences, Shurik developed his attitude regarding the
fragility of the resources of the planet and conceived of
the movement he called “Survivre”.
With this came from Shurik a strong demand that his
mathematical friends should stop doing math and join
him in his new mission. And he certainly could be very
uncompromising; as a consequence I saw much less of
him after the beginning of the 1970s.
His friendship with Mircea continued to be strong,
but Mircea’s life was actually a sad aﬀair. Mircea had
big, glorious research plans, but they stayed just that,
unfulﬁlled plans.
In the summer of 1987 Mircea died of lung cancer, a
consequence of his chain-smoking. But about two weeks
before, while Mircea was lying on his deathbed, Shurik
came to be with his friend for three days and to prepare
him for the next world. I was abroad at the time, and
later I learned from Mircea’s mother that Shurik had
performed some religious rituals, presumably Buddhist,
with prayers, incense, and holy dancing.
Shurik was a charismatic person, an immensely powerful, complex, and impressive personality. I often compare
him in my mind with a hero from a Dostoyevsky novel.
He was certainly, to a large extent, part of a certain
French mathematical tradition, and he had a strong, albeit
conﬂictual, bond to Bourbaki. But mainly and foremost
Shurik was himself. Almost all French mathematicians
come either from the École Normale or from the École
Polytechnique, but Shurik never had access to any such
niceties. In some sense he always was a lone outsider.
He, of course, also consistently refused honors others
tried to bestow on him.
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With Grothendieck goes one of the mathematical giants
and also a great human being.

Leila Schneps
Grothendieck: Beyond the Self
And he said, Go forth, and stand upon the mount
before the Lord. And behold, the Lord passed by,
and a great and strong wind rent the mountains,
and brake in pieces the rocks before the Lord;
but the Lord was not in the wind, and after the
wind an earthquake; but the Lord was not in the
earthquake.
And after the earthquake a ﬁre; but the Lord
was not in the ﬁre: and after the ﬁre a still small
voice.
1 Kings 19:11–13
I’ve heard it too often: Grothendieck was mad in the latter half of his life, he was crazy, he spewed out thousands
of pages of insane ravings. Though admittedly it sounds
better in French, the country of Lacan and psychoanalysis
raised to a philosophical art: Il était fou, Tout ça c’était
de la folie. Il était paranoïaque, because he believed that
his mathematical legacy was being intentionally buried
by those he considered his heirs. Il était schizophrène,
because he heard voices crying out to him.
Before the diagnoses and the reassuring medical terms,
it is worth asking where the temptation to use them comes
from. I have an answer to propose, which I hope does
not sound too grandiose, but I have come to it after
what seems an inﬁnity of conversations, arguments, even
quarrels on the subject. It’s very simple, and this is what
it is: it is easier to diagnose Grothendieck than to listen
to him.
Diagnosis is safe, because one is on the side of the
doctor, and it is the patient who is lost in the endless
forest of deeper understandings that we don’t necessarily
want to explore, or even if we do, certainly not from the
inside.
Grothendieck left, in his thousands of pages of writings,
innumerable messages, innumerably repeated. For my
part, I found much in them diﬃcult to comprehend,
diﬃcult to hear, diﬃcult to accept, diﬃcult even to want
to accept; for his part, I believe he found them diﬃcult
to express, at least in such a way as to be understood by
others. Although they were present in hidden forms within
everything he ever wrote, still he continued to reformulate
them until the end of his life, perhaps wishing that he
might ﬁnally, after so many failures, manage to penetrate
consciousnesses other than his own. Or perhaps he was
simply talking to himself.
The messages changed in both form and content over
the years, and yes, there were periods in which they
took the shape of high-ﬂown phrases about the imminent
end of the world. But the essence was always the same
and worth listening for; what’s more, their echo can be
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heard even from the earliest years of Grothendieck’s
mathematical career.
If I were to express it in a single short phrase, it would
be something like this: Before thinking, trying, acting,
stop everything and simply lend an ear to what is. For
Grothendieck, this ability to set aside the self and just
listen, natural to children but rare in adults, was the
ultimate creative faculty. He perceived this faculty, which
he aspired to cultivate in himself to the highest degree, in
those individuals that he characterized as “mutants” in
his long and beautiful reﬂection La Clef des Songes from
the late 1980s. Here he is describing one of them, a man
for whom he felt intense admiration and kinship: A. S.
Neill, founder of the Summerhill school.
It seems as though by some continually-renewed
miracle, in all “sensitive” situations, his ego-screen
simply melted away without a trace, yielding its
place to a sharp and immediate perception of
what was going on, and simultaneously, without
any intervention of conscious thought, let alone
actual reﬂection, the “right act” would emerge[.… ]
One feels an incredible ﬂexibility in him, an extraordinary lightness in his relation to a daily
life that for him, the awakened, is like an incessant provocation to creativity. (La Clef des Songes,
N 322)
“He didn’t see the same things as obvious that we do”
is the way Michel Demazure puts it, recalling years of
study under Grothendieck. But it goes deeper than that.
If all of Grothendieck’s writings can be considered as
transmissional, none of them are ever felt or presented
as revelations of higher understanding to the ignorant.
Grothendieck felt himself as able to see, not things that
were visible to him and hidden from others, but things
that were visible to everyone, as manifest and as evident
as the sky. His knowledge was acquired not by straining
and reaching, but by letting go, or as he put it, stooping.
And he felt himself possessed of an unusual propensity
to stoop.
A large proportion of his
writing is devoted to attempting to explain why most people
do not seem to perceive those
things that to him were so obvious. Habits of mind, fear
of failure, danger of wounding self-esteem, and plain old
classical shame—after coming
to perceive all these forces at
work in the people around him,
he eventually learned to recognize them in himself and to
feel their strength and their inﬂuence. He knew himself
to be ﬁlled with fear and resistance like everyone else; he
merely thought of himself as more willing (not more able)
than most to accept the lacerations that come with the
discovery of one’s own imperial nakedness.
Nor did he consider himself to be unique in this—rare,
yes, but certainly not alone. His monumental sevenhundred page supplement to La Clef des Songes lists
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John Tate
I ﬁrst met Alexander Grothendieck in the fall of 1957
when I was in Paris on a junior faculty sabbatical year
from Harvard. He was very welcoming, even inviting me
to dinner at his home with his partner, Mireille Dufour.
We became friends. From now on, I’ll refer to him by his
nickname Schurik.
Our math intersected a bit then, as indicated by the
title of his paper “Sur une Note de Mattuck-Tate” (J. Reine
Angew. Math., 1958), in which he generalized our result
and rediscovered the fact that the quadratic form induced
by the intersection of divisor classes on a surface is of
type (1, 𝑛 − 1).
Schurik’s mother died in December 1957 after suﬀering
for many years from tuberculosis. Their relationship had
been complicated. Much later, in a letter to Winfried
Scharlau, he wrote that her death was a deliverance for
both of them. But it aﬀected him deeply. He said that it
had made him contemplate leaving mathematics to write
poetry in German, his native tongue.
Sometime during the spring of 1958 Schurik held a
seminar in mid-morning. My recollection is that one day
he arrived ﬁfteen or twenty minutes late, explained that he
had been up all night, and proceeded to deﬁne what came
to be known as a scheme. I am puzzled by this memory
because two years earlier, in a letter to Serre dated
February 16, 1956, he mentions “arithmetic varieties
obtained by gluing together spectra of commutative
Noetherian rings.” Perhaps he had spent the sleepless
night planning the ﬁrst chapter(s?) of EGA. In any case,
he announced that project to the world at the ICM in
Edinburgh in the summer of 1958.
That fall and winter Schurik visited Harvard, giving
a course on sheaf theory. When Mireille asked him for
something to read to improve her rather weak English,
he suggested his favorite novel, Moby Dick! Schurik and
Mireille married in Cambridge. This was easy, involving
one or two visits to the city hall, whereas in France it
would have been more diﬃcult, since he was stateless.
John Tate is professor emeritus at Harvard University and at
the University of Texas at Austin. His email address is tate@
math.utexas.edu.
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Why did they bother to marry? I believe Schurik felt that
as legal head of a family he might be able to have more
inﬂuence in the rearing of his ﬁrst child, Serge, who was
living with his mother, Aline Driquert, in Nancy. It also
made their children “legitimate”: Johanna, who was born
that winter in Cambridge, and his sons, Alexandre and
Matthieu, in the following years.
Not being a French citizen, Schurik could not hold a
faculty position in France. Fortunately, this problem was
solved by Leon Motchane, who created the IHES. In a
letter dated March 17, 1959, Schurik wrote “the existence
proof for the ‘institute’ is now complete, as D. and I got
our ﬁrst check when coming to France. Everyone seemed
surprised and relieved, I must say!” (D. being Dieudonné.)
In relocating because of his position at the IHES,
Schurik wanted a telephone at his new place. At that
time in France this could take many months. Schurik got
one quite quickly by writing to the phone company on
stationery that he had printed with letterhead indicating
that he was a medical doctor who saw patients by
appointment only. I was reminded of this by rereading
an old letter from him, in which he mentions that his
daughter, Johanna, was using that stationery to do her
“abstract painting”, and adds “the trick worked, and I got
the fone [sic] at last, to everybody’s amazement.”
On several visits to the IHES during the 1960s, our
families became good friends. Last fall his two sons
reminded me of my playing with them and letting them
show their strength by pushing me over.
At Easter 1964, in passing through Paris on my way to a
conference in Clermont-Ferrand on geometric tendencies
in algebra and number theory, organized by Marc Krasner,
I looked in on Schurik and found him painting eggshells.
One of these, decorated with diagrams and formulas
related to his work, is still preserved in my care.

Photo courtesy of John Tate.

many others whom he felt possessed a similar quality: some acquaintances of his, others known to him
through their writings, some world renowned, others obscure private individuals, all of them, in his own words,
“mutants”, looking straight in the face a reality that
Grothendieck described as a “spectacle ahurissant,” a
stupefying spectacle.
Whatever I look at and no matter how objective I
feel I am being, what I see is inﬂuenced by what I am.
Everything I look at deserves a second, more honest, look
(and another and another, without end); while the ego
cannot be eliminated, its role can at least become—a
little bit—visible. It’s not that these ideas are new to
humanity, but hearing them is not the same as living
them. Grothendieck lived them, and through him they
also became part of my reality.

Grothendieck painted eggshells with diagrams and
formulas related to his work.
In the spring of 1981 on the way back from a meeting in
Luminy, I stopped to visit Schurik, who was then living in a
little farmhouse, Les Aumettes, near a ﬁeld of lavender, a
bit east of Avignon. He seemed obsessed with his dreams
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and was faithfully recording them. He had a small car
and sometimes drove to Montpellier, where as I recall he
said he was discussing math with students, in particular,
what has become known as dessins d’enfants.
Carol and I were in Europe in late September and early
October 2014. After thirty-four years, I had a strong desire
to see Schurik one last time, and we traveled to the little
village of Lasserre in the foothills of the Pyrénées, where
he spent the last twenty-ﬁve years of his life. Fortunately,
his two sons, Alexandre and Matthieu, with whom I had
played in the 1960s, were there with him, for he was ill,
and his four French children were caring for him on a
rotating basis. He was almost deaf and blind. There was
no way for me to speak with him, and it would probably
only have upset him if I had tried. He died a month later.

April 2016
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LETTERS TO THE EDITOR
Consider Poster Sessions Linked to
Special Sessions
We are writing to suggest that the
AMS consider adding the option for
linked poster sessions to each organized special session.
In organizing our Joint Mathematics Meetings 2016 sessions, we had
in mind 16 different talks that presented a carefully designed sampling
of the area we were aiming to explain
and illuminate. Since we were given
enough time for only 8 talks, 8 had
to be dropped. In addition to this,
we ended up receiving reasonable
requests for inclusion in the session.
We suggested to the conference
organizers that we be given a room
in the evening for a poster session to
accommodate everyone but were told
that the logistics were overwhelming
and that this was not possible. We can
imagine that doing this at that late
date may really have been a problem,
so we have no complaint about those
who organized the 2016 JMM!
Creating linked poster sessions
would allow organizers to craft a
better presentation of progress and
results in an area or focus of interest,
as well as accommodate spontaneous submissions. It would also liven
things up—well designed poster sessions are often preferable to sessions
of talks.
We suspect that we were not the
only organizers to find ourselves
having to redesign a session due to
being given fewer talk spots than
requested, and we are quite certain
that most sessions receive self-nominations, some of which would be nice
to accept!
While this would cost a bit more,
there would of course be a greater
number of registrations as a result
of the additional presenters. Adding
a bit of ingenuity to the solution of
the problem would almost certainly
help to reduce the costs of the poster
sessions as well.
April 2016
APRIL
2016

We believe that the effort would be
amply repaid in the form of a richer,
more diverse conference.
—Kevin R. Vixie
Washington State University
vixie@speakeasy.net
—Bala Krisnamoorthy
Washington State University
bkrishna@math.wsu.edu
(Received December 17, 2015)

Free Speech at Universities
AMS members may be interested to
learn that, at his university’s graduation ceremony in December 2015,
University of Michigan President
Mark Schlissel’s remarks focused on
the “horrible mistake” the university
had made in 1954 in punishing three
faculty members for their noncooperation with the U.S. House Committee on Un-American Activities. Two
of these faculty members were fired,
including mathematician Chandler
Davis.
The context of these events over
sixty years ago was the McCarthy
period, when many parts of American
society were subjected to political intimidation, and toleration for dissenting ideas was low. When Professor
Davis was called to testify before a
congressional committee, he refused
to answer political questions on the
basis of the first amendment rather
than on the more common grounds
of the fifth amendment. His reasoning was that the government cannot
regulate political speech (first amendment) and thus it has no right to
compel citizens to answer questions
about their political beliefs or the
political beliefs of their colleagues.
As a result of this action, Professor
Davis was quickly fired from his tenure-track position at the University
of Michigan, despite strong support
from the Mathematics Department.
He was also convicted of contempt
of Congress and served six months
in federal prison after losing his case
N
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before the Supreme Court. For more
information about the political persecution of mathematicians during
this time, see Professor Davis’s article
“The Purge” in the book A Century
of Mathematics in America, Part I,
published by the AMS in 1988.
After his dismissal from the University of Michigan, an academic
blacklist prevented Professor Davis
from getting other faculty positions
in the United States. However, he
was welcomed by the University of
Toronto, where he is now Professor
Emeritus after having served the AMS
in various capacities, including as
Vice-President.
Twenty-five years ago the Faculty
Senate of the University of Michigan
established an annual Lecture on
Academic and Intellectual Freedom
to commemorate the injustice to the
three faculty who had been targeted
in 1954. Now the President of the
University has also called attention
to this history, which affected many
mathematicians and which can provide lessons for the future.
—Sheldon Axler
San Francisco State University
axler@sfsu.edu
(Received January 10, 2016)
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New from Princeton
The Mathematics of Various
Entertaining Subjects

An Imaginary Tale

Research in Recreational Math

Paul J. Nahin

The Story of √-1

Edited by Jennifer Beineke
& Jason Rosenhouse
The Mathematics of Various
Entertaining Subjects brings together
authors from a variety of specialties
to present fascinating problems and
solutions in recreational mathematics.
Cloth $75.00

Published in association with the National Museum
of Mathematics
Paper $16.95

Game Theory in Action

Paper $39.95
Cloth $80.00

Princeton Science Library

An Introduction to Classical and
Evolutionary Models

Complex Ball Quotients
and Line Arrangements
in the Projective Plane

Stephen Schecter & Herbert Gintis

Paula Tretkoff

Game Theory in Action is an
undergraduate textbook about using
game theory across a range of real-life
scenarios. From traffic accidents to the
sex lives of lizards, Stephen Schecter
and Herbert Gintis show students how
game theory can be applied in diverse
areas including animal behavior, political
science, and economics.

This book introduces the theory
of complex surfaces through a
comprehensive look at finite covers
of the projective plane branched
along line arrangements.
Mathematical Notes
Phillip A. Griffiths, John N. Mather, and
Elias M. Stein, Series Editors
Paper $75.00

Non-Archimedean Tame
Topology and Stably
Dominated Types

The p-adic Simpson
Correspondence

Ehud Hrushovski & François Loeser

The p-adic Simpson correspondence,
recently initiated by Gerd Faltings, aims
at describing all p-adic representations
of the fundamental group of a proper
smooth variety over a p-adic field
in terms of linear algebra—namely
Higgs bundles. This book undertakes a
systematic development of the theory
following two new approaches.

Ahmed Abbes, Michel Gros & Takeshi Tsuji

This book lays down model-theoretic
foundations for non-archimedean
geometry. The methods combine
o-minimality and stability theory.
Definable types play a central role,
serving first to define the notion of
a point and then properties such as
definable compactness.
Paper $75.00
Cloth $165.00

Today, complex numbers have such
widespread practical use that few
people would expect the story behind
them to be filled with adventure and
enigma. In An Imaginary Tale, Paul
Nahin tells the 2000-year history of
one of mathematics’ most elusive
numbers, the square root of minus
one, also known as i.

Annals of Mathematics Studies, 192
Phillip A. Griffiths, John N. Mather, and
Elias M. Stein, Series Editors

Paper $75.00
Cloth $165.00

Annals of Mathematics Studies, 193
Phillip A. Griffiths, John N. Mather, and
Elias M. Stein, Series Editors

See our E-Books at
press.princeton.edu

2016 Leroy P. Steele Prizes

David Cox

Donal O'Shea

Photo credit: Bob Paz

John Little

Andrew J. Majda

Barry Simon

The 2016 Leroy P. Steele Prizes were presented at
the 122nd Annual Meeting of the AMS in Seattle,
Washington, in January 2016. The Steele Prizes
were awarded to David Cox, John Little, and
Donal O’Shea for Mathematical Exposition; to
Andrew J. Majda for Seminal Contribution to
Research in Applied Mathematics; and to Barry
Simon for Lifetime Achievement.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1357
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Citation for Mathematical Exposition: David Cox,
John Little, and Donal O’Shea
The 2016 Leroy P. Steele Prize for Mathematical
Exposition is awarded to David Cox, John Little,
and Donal O’Shea for their book Ideals, Varieties,
and Algorithms [Undergraduate Texts in Mathematics, Springer-Verlag, New York, four editions
1992, 1997, 2007, 2015] that has made algebraic
geometry and computational commutative algebra
accessible not just to mathematicians but to students and researchers in many fields.
With the 1992 publication of Ideals, Varieties,
and Algorithms, the authors, all then faculty at
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liberal arts colleges, invited a broad audience to
study algebraic geometry by writing an undergraduate text with only linear algebra as a prerequisite.
Throughout the book the authors maintain fidelity
to their assumptions about their reader’s background, using geometry to introduce core topics
and appealing to computational theory to prove
fundamental results. They complement the development of theoretical results with applications to
such topics as automated theorem proving and
robotics. Clear algorithms are provided that help
the reader to further understand the concepts.
Even more impressive than its clarity of exposition is the impact it has had on mathematics.
CLO, as it is fondly known, has not only introduced many to algebraic geometry, it has actually
broadened how the subject could be taught and
who could use it. One supporter of the nomination
writes, “This book, more than any text in this field,
has moved computational algebra and algebraic
geometry into the mathematical mainstream. I,
and others, have used it successfully as a text
book for courses, an introductory text for summer
programs, and a reference book.”
Another writer, who first met the book in an REU
two years before it was published, says, “Without
this grounding, I would have never survived my
first graduate course in algebraic geometry.” This
theme is echoed in many other accounts: “I first
read CLO at the start of my second semester of
graduate school…. Almost twenty years later I
can still remember the relief after the first hour of
reading. This was a math book you could actually
read! It wasn’t just easy to read but the material
also grabbed me.”
For those with a taste for statistics, we note that
CLO has sold more than 20,000 copies, it has been
cited more than 850 times in MathSciNet, and it
has 5,000 citations recorded by Google Scholar.
However, these numbers do not really tell the story.
Ideals, Varieties, and Algorithms was chosen for the
Leroy P. Steele Prize for Mathematical Exposition
because it is a rare book that does it all. It is accessible to undergraduates. It has been a source of
inspiration for thousands of students of all levels
and backgrounds. Moreover, its presentation of the
theory of Groebner bases has done more than any
other book to popularize this topic, to show the
powerful interaction of theory and computation in
algebraic geometry, and to illustrate the utility of
this theory as a tool in other sciences.
Biographical Sketch of Cox
David A. Cox went to Rice University and received
his PhD from Princeton University in 1975 under
the direction of Eric Friedlander. After teaching
at Haverford College and Rutgers University, he
moved to Amherst College in 1979, where he is
now the William J. Walker Professor of Mathematics. He has served on the editorial boards of the
Pure and Applied Mathematics series published
418

Notices

of the

by Wiley and the Graduate Studies in Mathematics
series of the AMS, and he is currently on the board
of the Undergraduate Texts in Mathematics series
of Springer. He gave an AMS-MAA Joint Invited
Address in 1995 and served on the Council of the
AMS from 1991 to 1994. In 2012, he became a fellow of the AMS and received a Lester R. Ford Award
from the MAA for his 2011 American Mathematical
Monthly article, “Why Eisenstein proved the Eisenstein Criterion and why Schönemann discovered it
first”, 118, No. 1. Cox’s current areas of research
include toric varieties and the commutative algebra
of curve and surface parametrizations, though he
also has interests in number theory and the history of mathematics. He is the author of texts on
number theory, computational algebraic geometry,
mirror symmetry, Galois theory, and toric varieties.
He loves teaching at all levels of the undergraduate curriculum and greatly enjoys working with
students on senior theses. He has interacted with
graduate students in numerous summer programs,
including MSRI Summer Graduate Workshops in
Berkeley and Cortona, Italy.
Biographical Sketch of Little
John Little earned an AB from Haverford College
in 1976 and a PhD in mathematics from Yale
University in 1980 under the direction of Bernard
Saint-Donat. He has taught at the College of the
Holy Cross since 1980 and is currently professor
of mathematics. He has supervised many undergraduate research projects, including work at eight
REU-type summer programs—at Amherst College,
at Mount Holyoke College, at two campuses of the
University of Puerto Rico, at MSRI in Berkeley, and
at the University of Hawaii at Hilo. Starting in the
mid-1980s he developed a strong interest in computational techniques in algebraic geometry and
commutative algebra that led to Ideals, Varieties,
and Algorithms and its companion volume Using
Algebraic Geometry. In recent research work, he
has considered applications of computational
methods in algebraic geometry to areas such as
error-control coding theory, signal processing, and
celestial mechanics.
Biographical Sketch of O’Shea
Donal O’Shea has been president and professor of
mathematics at New College of Florida since 2012.
Prior to that, he was at Mount Holyoke College, the
final fourteen years as vice president of academic
affairs and dean of faculty. He received his undergraduate degree from Harvard University and
his PhD from Queen’s University in Canada under
the direction of A. John Coleman. He has spent
extended research leaves at IHES, IHP, and the
Universities of Amherst, Kaiserslautern, Hawaii,
Miami, Edinburgh, and Cambridge. His favorite
research interests concern the topological and
geometric (most recently, bi-Lipschitz) behavior
of hypersurface singularities. He enjoys teaching,
reading, writing, cooking (which he unfortunately
AMS	
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eats too much of), and shares life with his wife and
best friend, Mary, their four grown children, Seamus, Brendan, Sarah, and Kathleen, their partners,
and his five, soon to be six, grandchildren.
Joint Response from David Cox, John Little, and
Donal O’Shea
We are deeply honored and grateful to receive the
2016 Leroy P. Steele Prize for Mathematical Exposition for our book Ideals, Varieties, and Algorithms.
We started writing it in 1988, partly to provide
background materials and notes for students
involved in undergraduate research, and partly to
provide alternatives to the usual algebra courses
for undergraduate mathematics majors. At that
time, new algorithms and ever-faster computing
speeds were making it possible for undergraduates to explore examples that would previously
have been inaccessible without deeper theoretical
tools, a trend which has only increased in the
intervening years. Through four editions,we have
learned a tremendous amount by working on this
project, and our readers include many individuals
who expanded our horizons and whom we would
never have encountered otherwise.
Many wonderful books and papers in mathematics have appeared in the last few decades,
and those singled out by the Leroy P. Steele Prize
for Mathematical Exposition are among the best.
Having our book listed in this company gives us
great pleasure, and we are deeply touched by
the citation. We worked hard to keep the book
accessible to those with a modest background in
mathematics, especially undergraduates, while
including enough novel topics and new points of
view to interest experts in the subject. The avoidance of abrupt changes in mathematical sophistication was almost as challenging as presenting
algebraic geometry without using the full power of
its modern abstract language. Although writing for
students, we were surprised and gratified by the
delight which professional mathematicians and
other scientists and engineers have taken in the
book. Writing for undergraduates is not always a
recipe for elegance, but just as universal design
principles seem to result in better buildings, our
focus on accessibility resulted in a better and more
usable book.
We thank the generations of readers who have
sent us suggestions and pointed out infelicities
and errors. We thank our colleagues who read successive drafts, and our families and friends from
whom we took the time to prepare them. We thank
those who nominated the book. And we thank the
American Mathematical Society for honoring a
book that was written to be accessible to undergraduates. When learning of the award, one of us
wrote the others saying that “collaborating with the
two of you has been one of the greatest pleasures
of my professional life.” He voiced what we each
felt, and although we like to think that we would
April 2016

have eventually told each other this, we are grateful that the award nudged us into full disclosure.
And we thank you, the members of the extended
mathematical community, for the encouragement
and collegiality that has led to this great honor.
We are in your debt.
Citation for Seminal Contribution to Research in
Applied Mathematics: Andrew J. Majda
Andrew J. Majda, the Samuel F. B. Morse Professor
of Arts and Sciences at the Courant Institute of
Mathematical Sciences at New York University, is
awarded the 2016 Leroy P. Steele Prize for Seminal
Contribution to Research in Applied Mathematics
for two papers published in the Memoirs of the
American Mathematical Society in 1983: “The existence of multidimensional shock fronts”, 43, No.
28, and “The stability of multidimensional shock
fronts” 41, No. 27.
Multidimensional systems of conservation laws
are important models in fluid mechanics in the
absence of dissipation. The mathematical difficulty in the analysis of these partial differential
equations is the development of singularities and
the appearance of shocks. Riemann recognized
that an important step in the study of conservation
laws is the understanding of the structure of the
shock fronts/waves, and he considered the problem in one space-dimension.
This is where the work of Majda begins with emphasis on the multidimensional setting. The cited
works, which shortly after appeared also in the
book Compressible Fluid Flow and Systems of Conservation Laws in Several Space Variables [Applied
Mathematical Sciences, 53, Springer-Verlag, New
York, 1984] are pioneering and seminal. They were
written at a time when research on hyperbolic systems of conservation laws was extremely active but
focused on the one-dimensional case or spherically
symmetric solutions. The aforementioned papers
pioneered the expansion to the multidimensional
case by providing the first rigorous treatment of
the existence and stability of multidimensional
shock fronts. This required very detailed and hard
analysis, and it is fair to say that the papers are a
tour de force. The analysis revealed a number of
new instability phenomena that are not present in
the one-space-dimensional case. This work, which
immediately became classic, is at the same level
of importance as the entropy solutions of Lax and
the random choice method of Glimm.
Biographical Sketch of Majda
Andrew J. Majda is the Samuel F. B. Morse Professor of Arts and Sciences at the Courant Institute
of Mathematical Sciences at New York University.
He was born in East Chicago, Indiana, on January
30, 1949. He received a BS degree from Purdue
University in 1970 and a PhD degree from Stanford University in 1973. Majda began his scientific
career as a Courant Instructor at the Courant
Institute from 1973–75. Prior to returning to the
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Courant Institute in 1994, he held professorships
at Princeton University (1984–94), the University of
California Berkeley (1978–84), and the University
of California Los Angeles (1976–78).
Majda’s primary research interests are modern
applied mathematics in the broadest possible
sense merging asymptotic methods, numerical
methods, physical reasoning, and rigorous mathematical analysis. He is well known for both his
theoretical contributions to partial differential
equations and his applied contributions to diverse
areas such as scattering theory, shock waves, combustion, incompressible flow, vortex motion, turbulent diffusion, and atmosphere ocean science.
Majda is a member of the National Academy of
Sciences and the American Academy of Arts and
Sciences, and he has received numerous honors
and awards, including the National Academy of
Science Prize in Applied Mathematics, the John
von Neumann Prize of the Society of Industrial
and Applied Mathematics, and the Gibbs Prize of
the American Mathematical Society. In 2012 he
received the Norbert Wiener Prize of the American
Mathematical Society and the Society of Industrial
and Applied Mathematics, and in 2015 Majda
received the Lagrange Prize, awarded every four
years by the International Council of Industrial
and Applied Mathematics. He has been awarded
the Medal of the College de France twice and is a
fellow of the Japan Society for the Promotion of
Science. Majda has received three honorary doctorates, including one from his undergraduate alma
mater, Purdue University. He has given plenary
one-hour lectures at both the ICM (Kyoto 1990)
and the first ICIAM (Paris 1987) and is a fellow of
both the AMS and SIAM.
In his years at the Courant Institute, Majda has
created the Center for Atmosphere Ocean Science
with seven multidisciplinary faculty members to
promote cross-disciplinary research with modern
applied mathematics in climate modeling and
prediction.
Response from Andrew J. Majda
I am honored and pleased to receive the 2016
Leroy P. Steele Prize for Seminal Contributions to
Research in Applied Mathematics. My work cited
on multidimensional shock fronts is part of the
mathematically beautiful yet practical area of hyperbolic conservation laws such as, for example,
the flow of gases or water at both low and high
speeds. The serendipity between mathematical
structure and physical phenomena attracted me
to this research topic. I would like to acknowledge many members of the Courant Institute who
strongly influenced my interest in shock waves
when I was a young postdoc, including Joe Keller,
Cathleen Morawetz, and especially Peter Lax, as
well as the book by Courant and Friedrichs on
supersonic flow.
420
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Citation for Lifetime Achievement: Barry Simon
The 2016 Leroy P. Steele Prize for Lifetime Achievement is awarded to Barry Simon, the IBM Professor
of Mathematics and Theoretical Physics at the
California Institute of Technology, for his tremendous impact on the education and research of a
whole generation of mathematical scientists. His
significant research achievements, highly influential books, and mentoring of graduate students
and postdocs comprise a career of exceptional
achievement.
His accomplishments span 333 papers and sixteen books on topics ranging from mathematical
physics to orthogonal polynomials. Simon proved
a number of fundamental results in statistical mechanics, the most significant of which is the proof
of phase transitions for the classical Heisenberg
ferromagnet and the quantum antiferromagnet.
Almost forty years later these are the only rigorous
proofs of continuous symmetry breaking with a
non-Abelian symmetry group.
Simon was an important contributor to the
construction of quantum fields in two space-time
dimensions. His work with Guerra and Rosen,
especially their 146-page paper published in the
Annals of Mathematics in 1975, established an
analogy with classical statistical mechanics which
led to a number of new insights. An outgrowth of
his work in this area is the theory of hypercontractive semigroups, which in turn led to a theory of
ultracontractivity.
These topics, which have grown into major
industries, figure prominently in Simon’s work on
the general theory of Schrödinger operators, where
he proved a number of definitive results. In this
effort he was a pioneer in the use of path integral
techniques, which he beautifully described in his
book Functional Integration and Quantum Mechanics [Pure and Applied Mathematics, 86, Academic
Press, Inc., New York–London, 1979]. In the past
fifteen years, he has advanced the theory of orthogonal polynomials, elucidating and expanding upon
many apsects of Szegö’s theorem. His work on
this topic, with Killip Rowan and David Damanik,
includes two papers in Annals of Mathematics and
one in Inventiones Mathematicae.
His four-volume set of books written with Mike
Reed, Methods of Modern Mathematical Physics
[Academic Press, Inc., New York–London, 1972,
1975, 1979, 1978], “played the role that Courant
and Hilbert I and II did for the preceding generation. This is true not only in the West; the Russian translation was a bible for a generation of
analysts and mathematical physicists behind the
Iron Curtain,” to quote the nominators. Similarly,
his two-volume set of AMS Colloquium Publications, Orthogonal Polynomials on the Unit Circle
[American Mathematical Society, Providence, RI,
2005] became instant classics connecting the
theory of orthogonal polynomials with the spectral
AMS	
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theory of Schrödinger operators and other topics
in mathematical physics. In 2015, Simon won the
International János Bolyai Prize of Mathematics
for these books.
Biographical Sketch of Simon
Barry Simon is the IBM Professor of Mathematics
and Theoretical Physics at the California Institute
of Technology. He was born in Brooklyn, New York,
in 1946, received a BA from Harvard University
(where he was a top-five Putnam winner) in 1966,
and a PhD in physics from Princeton University in
1970. He started as an instructor in mathematics
at Princeton in 1969–70, but since then all his
appointments at Princeton and Caltech have been
joint. He received tenure in 1972, two years after
Charlie Fefferman, who was in the same graduate class. Since 1981, he has been at Caltech,
where he served as executive officer (chair) for
ten years. Simon has published just under 400
papers and twenty-one math books (plus several
end-user-oriented computer books). His most
recent books are the five-volume (3,200 pages)
Comprehensive Course in Analysis published by
the AMS in December 2015. At Google Scholar
his citation number is about 60,000, and his
h-index is 102 (i.e., 102 publications with at least
102 citations). His research has been in many
aspects of mathematical physics and in the analytic
theory of orthogonal polynomials.
He has been recognized with honorary degrees
from Technion, the University of Wales–Swansea,
and LMU–Munich. He was awarded the Poincaré
Prize of the IAMP in 2012 and the Bolyai Prize of
the Hungarian Academy of Science in 2015. He is
a fellow of the American Physical Society (1981),
the American Academy of Arts and Sciences (2005),
and the AMS (2013). He has served as vice president of the AMS and of IAMP.
Response from Barry Simon
I should like to thank the AMS and especially the
Leroy P. Steele Prize Committee for this noteworthy recognition. It is a great honor to join the
distinguished list of former winners. I’d also like
to acknowledge my mentors Arthur Wightman and
Ed Nelson, who have passed away in the past few
years. They not only taught me mathematics but
how to be a mathematician.
I am especially pleased by this prize since it
recognizes not only my research but my greater
impacts. At the perhaps silly level this includes a
listing of terms which appeared first in my papers,
including hypercontractive and ultracontractive
semigroups, Birman-Schwinger principle, diamagnetic inequality, Kato’s inequality, CLR bound, Berry’s phase, almost Mathieu equation, wonderland
theorem, OPUC/OPRL, Verblunsky coefficients, CMV
matrix, and clock behavior.
More importantly, it recognizes the impact
of my books. It is always a little thrill when I get
into an email discussion with someone who then
April 2016

mentions that it was Reed and Simon that first
turned them on to functional analysis. I take pleasure in the invigoration of the analytic theory of
OPUC that was caused in part by those books. And
I hope that my most recent five-volume opus will
have impact.
Most directly, I cherish the impact on thesis
students, postdocs, and others I’ve mentored.
Mathematics is a communal enterprise, and I’ve
taken great joy in my interaction with coauthors
and those I’ve taught.
About the Prizes
The Leroy P. 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 1905–06, and
Birkhoff served in that capacity during 1925–26.
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
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 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 $10,000.
The list of previous recipients of the Steele
Prizes may be found on the AMS website at www.
ams.org/prizes-awards.
The members of the Committee to Select the
Winners of the Leroy P. Steele Prizes for 2016 were
the following individuals.
Paul F. Baum
Richard T. Durrett (Chair)
Phillip Griffiths
Nancy J. Kopell
Jeffrey C. Lagarias
Nikolai Makarov
Vladimir Markovic
Andrei Okounkov
Yuval Peres
Karen Uhlenbeck
The Prize for Seminal Contribution to Research
is awarded on a six-year cycle of subject areas. The
2016 prize was given in applied mathematics. The
2017 prize will be given in geometry/topology; the
2018 prize in discrete mathematics/logic; the 2019
prize is open; the 2020 prize in analysis/probability; and the 2021 prize in algebra/number theory.
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2016 Chevalley Prize in Lie
Theory
Geordie Williamson
was awarded the 2016
Chevalley Prize in Lie
Theory at the 122nd
Annual Meeting of the
AMS in Seattle, Washington, in January
2016.
Citation
The 2016 inaugural
Chevalley Prize in Lie
Theory is awarded to
Geordie Williamson for
his work on the representation theory of Lie
algebras and algebraic
groups. His results inGeordie Williamson
clude proofs and reproofs of some long-standing conjectures, as well
as spectacular counterexamples to the expected
bounds in others.
The characters of finite-dimensional simple
modules for semisimple complex Lie algebras
have been known for, by now, about ninety years,
thanks to the work of Hermann Weyl. For certain
natural infinite-dimensional generalizations, the
simple modules with a highest weight, a character
formula was conjectured by Kazhdan and Lusztig
in 1979 and shortly after proved by Beilinson and
Bernstein and (independently) by Brylinski and
Kashiwara. These proofs relied on translating
the problem in several steps to different areas of
mathematics, further and further away from the
original problem that is completely algebraic in
nature. Williamson, in joint work with Ben Elias,
has developed a purely algebraic Hodge theory
for certain (Soergel) bimodules over polynomial
rings. This has led to the first algebraic proof of
the Kazhdan–Lusztig conjectures and a great simplification of the whole theory.
A most striking and new aspect of this new
algebraic Hodge theory is that it applies to any
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1352
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Coxeter group, finite or infinite. An immediate consequence is a proof of various positivity
conjectures concerning Kazhdan–Lusztig
polynomials, which had been open since 1979.
Thanks to these new ideas, we can now treat general Coxeter groups and their Hecke algebras as if
they had a geometric construction, even though
the geometric objects (flag varieties) do not exist.
Williamson’s next breakthrough concerned
representations of reductive groups over fields of
characteristic p >0. In 1980 Lusztig conjectured a
character formula for the simple modules for these
groups under a minor restriction on p. (For a group
such as GL(n, F ), p >2n is assumed.)
This conjecture was proved in 1994 for all p
larger than a bound depending on the type of the
group, first without an explicit bound (Andersen,
Jantzen, Soergel) and later with a gigantic bound
(Fiebig). Williamson has now stunned the experts
by finding several infinite families of counterexamples to the expected bounds in Lusztig’s conjecture, beginning with the special linear group
SL(22, F ). At the same time, he found counterexamples to James’s 1990 conjecture on symmetric
groups. More importantly, Williamson did not
just provide counterexamples, he provided a new
framework for thinking about these conjectures—a
framework that revealed how inadequate the
numerical evidence for these conjectures really
had been. Williamson’s work has reopened the
field of modular representations to new ideas, in
a sense taking it beyond a focus on the famous
conjectures.
Williamson’s work on these topics appears in
“The Hodge theory of Soergel bimodules”, Ann.
of Math. (2) 180 (2014), 1089–1136 (with B. Elias);
“Schubert calculus and torsion explosion”, arXiv:1309.5055v2 (with an appendix by A. Kontorovich, P. McNamara, and G. Williamson); and “Modular intersection cohomology complexes on flag
varieties”, Math. Z. 272 (2012), no. 3-4, 697–727
(with an appendix by Tom Braden).
Biographical Sketch
Geordie Williamson was born in Bowral, Australia, in 1981. He received a bachelor of arts with
honors and the University Medal from Sydney
University in 2003. In 2008 he completed his PhD
AMS	
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at the University of Freiburg, Germany, under the
supervision of Wolfgang Soergel. He went on to
spend three years at the University of Oxford as
an EPSRC postdoctoral fellow and junior research
fellow at St. Peter’s College. Since 2011 he has been
an advanced researcher at the Max Planck Institute
for Mathematics in Bonn, and he is a principal research fellow at the University of Sydney. He works
on problems in representation theory, algebra, and
geometry and has given invited lectures throughout the world, including at MIT, MSRI, Orsay, RIMS,
Sanya, and Yale. In 2016 he will deliver an invited
lecture at the European Congress of Mathematics.
Response from Geordie Williamson
I am greatly honoured to receive the 2016 Chevalley Prize in Lie Theory. I would like to express my
gratitude to George Lusztig, who both founded this
prize and created so much of the field in which I
work. Lie theory would be the poorer without his
many observations, theorems, ideas, and conjectures. Chevalley’s work is in good hands! Many
thanks to my mentors and collaborators (in particular Wolfgang Soergel, Daniel Juteau, and Ben
Elias) for all that they have taught me and the many
hours we have spent together trying to understand
a little better. I would like to thank the Max Planck
Institute in Bonn and the University of Sydney for
providing me with the space and means to concentrate on research. Finally, I thank my family
and friends for their support and encouragement.
About the Prize
The Chevalley Prize in Lie Theory is awarded 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 in Lie Theory was established in
2014 by George Lusztig to honor Claude Chevalley
(1909–84). 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 prize committee for the inaugural Chevalley
Prize consisted of the following individuals.
James G. Arthur
Jens Carsten Jantzen (Chair)
Michele Vergne

•
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2016 Levi L. Conant Prize
Daniel Rothman was
awarded the 2016 Levi
L. Conant Prize at the
122nd Annual Meeting
of the AMS in Seattle,
Washington, in January
2016.
Citation
The 2016 Levi L. Conant
Prize is awarded to
Daniel Rothman for his
article “Earth’s carbon
cycle: A mathematical
perspective”, which
appeared in the Bulletin of the American
Mathematical Society
Daniel Rothman
52 (2015), no. 1, 47–64.
Mathematics finds a place in science by enunciating principles that at once classify, quantify, and
illuminate natural phenomena. This heuristic is
often best displayed when phenomena are simple
or at least isolated from external influences. In
this sense, biological processes present a particular challenge for mathematics because they are
generally tapestries of confounding factors. It is
nowadays common to approach such problems
from a viewpoint that promotes data collection and
data analysis as the pathway to knowledge. But,
as Dan Rothman points out in this article, “Data,
however, require understanding.” Here, he gives
us an understanding of the Earth’s carbon cycle by
applying classical ideas from applied mathematics
to the data at hand.
The carbon cycle of the Earth uses plant photosynthesis to combine carbon dioxide and water
to produce carbohydrates and free oxygen. To
complete the cycle, respiration uses carbohydrates
and free oxygen to give carbon dioxide and water.
However, there is a leak in this process. Some carbohydrates become trapped in rock and this entails
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1353
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a surplus of free oxygen. Thus our atmosphere is
born; life as we know it is a consequence of a feedback error. Rothman writes, “Earth’s carbon cycle,
therefore, plays a major role in determining not
only [carbon dioxide] levels and climate, but also
life’s interaction with the physical environment.”
Mathematics informs our understanding of the
carbon cycle in a variety of ways. A fundamental
part of the cycle involves the decay of organic
matter. On the face of it, this is an intractable
problem because organic matter comes in a multitude of forms, each with its own decay parameter.
This type of disordered kinetics may be studied,
however, by considering the probability density
function of decay parameters and showing that
decay is characterized by the Laplace transform of
this density function. Data then informs the mathematics by suggesting that the density function is
lognormal and, indeed, that plant decay always
has lognormal density parameters. As the author
says, this seems to be a “natural manifestation” of
the Central Limit Theorem. Once the ubiquity of
lognormality is established as an underlying principle, it allows calculations such as mean-time-todecay which allow us to compare data with theory.
Rothman goes on to discuss the scaling factors
that arise in consideration of decay on land, sea,
or in sediments, and this leads to his conclusion
that respiration follows the “rhythm of a logarithmic clock” where local microorganisms, acting on
biological time scales, have a global influence on
geological time scales. Rothman also gives us an
understanding of long-term fluctuations in carbon
dioxide levels in the atmosphere, as well as the
long-term immobilization of organic carbon in
rock, the latter eliciting the question of how free
oxygen levels could have ever increased from a stable state. This is precisely what good mathematical
models do: they explain some phenomena and they
raise questions about others.
This article is especially timely as humanity
grapples with the consequences of releasing
trapped carbon by burning fossil fuels. The author, a geophysicist, concludes with an invitation
to mathematicians to take up the challenge:
AMS	
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“Because the carbon cycle represents the coupling
between life and the environment—metabolism
at a global scale—its mathematical description
inherits the difficulties of biology in addition to
physical science. Thus, theoretical understanding
of dynamics, so crucial to advancing knowledge of
how the carbon cycle works, remains more qualitative than quantitative. Such problems present
scientific opportunities with no shortage of social
significance. Mathematics will surely play a central
role in future progress.”
But it isn’t just the timeliness of the topic that
draws us in and holds our interest. At every step
the author takes care to explain the science as well
as the mathematics involved in clear straightforward prose so that the entire article is accessible
to a general mathematical audience. We often hear
about Wigner’s “unreasonable effectiveness of
mathematics in the sciences,” but it is not so often
that we see this manifested in a beautiful exposition of a fundamental ingredient of our existence.
Biographical Sketch
Daniel H. Rothman received his undergraduate
degree in applied mathematics from Brown University in 1979 and his PhD in geophysics from
Stanford University in 1986. He is currently a
professor of geophysics in the Department of
Earth, Atmospheric, and Planetary Sciences at the
Massachusetts Institute of Technology, where he
has been on the faculty since 1986. In 2011 he
cofounded the Lorenz Center, an interdisciplinary
research center at MIT devoted to developing the
foundations of climate science. Rothman was a
Fellow of the Radcliffe Institute of Advanced Study
in 2007–08. He has also been honored as a fellow
of the American Physical Society (2012) and the
American Geophysical Union (2014). His research
spans several fields—including fluid mechanics,
complex systems, and earth-system dynamics—in
which he uses methods of applied mathematics
and statistical physics to learn how the natural
environment works.
Response from Daniel Rothman
I am delighted and honored to receive the 2016
Levi L. Conant Prize for my article in the Bulletin
of the AMS. The paper was written to complement
my invited talk for the Current Events Bulletin at
the 2014 Joint Mathematics Meetings. I would like
to thank David Eisenbud for the invitation and his
encouragement of my subject. Susan Friedlander’s
enthusiastic support as editor of the Bulletin is also
much appreciated. I’m thrilled that the talk and the
resulting paper met such an appreciative audience.
The carbon cycle resides at the intersection of
biology, geology, and chemistry. Finding my way
through the convergence of these subjects was
like learning French: initially little made sense, but
with knowledge and experience a logical structure
began to emerge. I never could have arrived at that
point without the help of others. I’m especially
April 2016

thankful that my MIT colleagues Eric Alm, Tanja
Bosak, Sam Bowring, Ed Boyle, Greg Fournier, and
Roger Summons have found my efforts worthy of
collaboration. My students Chris Follett, David Forney, and Alex Petroff also helped guide me through
the complexity of the subject. None of this would
have been possible without the patient tutelage of
John Hayes. During four summer visits to Woods
Hole, I learned the intricacies of the carbon cycle
from a master. I am deeply grateful that John recognized potential in my early forays into the field.
There may be no better way to secure our collective future than to understand more deeply the
natural world around us. A significant portion of
that understanding will derive from insightful
applications of mathematics. I thank the Conant
Prize Selection Committee and the American Mathematical Society for recognizing the intrinsic value
of such work.
About the Prize
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.
The Conant Prize is awarded by the AMS Council
acting on the recommendation of a selection committee. For the 2016 prize, the members of the selection committee were the following individuals.
John C. Baez
Carolyn Gordon
John F. Oprea (Chair)
The complete list of recipients of the Levi L.
Conant Prize follows.
2001 Carl Pomerance
2002 Elliott Lieb, Jakob Yngvason
2003 Nicholas Katz, Peter Sarnak
2004 Noam D. Elkies
2005 Allen Knutson, Terence Tao
2006 Ronald M. Solomon
2007 Jeffrey Weeks
2008 J. Brian Conrey, Shlomo Hoory,
Nathan Linial, Avi Wigderson
2009 John W. Morgan
2010 Bryna Kra
2011 David Vogan
2012 Persi Diaconis
2013 John Baez, John Huerta
2014 Alex Kontorovich
2015 Jeffrey C. Lagarias, Chuanming Zong
2016 Daniel Rothman
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2016 E. H. Moore Research
Article Prize

Caucher Birkar

Paolo Cascini

Christopher D. Hacon

James McKernan

Caucher Birkar, Paolo Cascini, Christopher
D. Hacon, and James McKernan were awarded
the 2016 E. H. Moore Research Article Prize at
the 122nd Annual Meeting of the AMS in Seattle,
Washington, in January 2016 for their article
“Existence of minimal models for varieties of log
general type,” which appeared in the Journal of the
American Mathematical Society in 2010.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1354
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Citation
This article, together with its companion “Existence
of minimal models for varieties of log general type
II” by Hacon and McKernan in the same issue, which
builds on ideas in earlier papers by Kawamata, by
Kollár, by Mori, by Reid, by Shokurov, by Siu, and by
Hacon and McKernan, has thoroughly transformed
higher-dimensional birational geometry.
Given an algebraic variety X, the minimal model
program aims to modify X, changing it only in a
lower-dimensional locus, to produce a new variety
Y that is particularly nice. The cited authors prove,
AMS	
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via an intricate inductive argument, that these nice
models Y exist in the most important cases. Their
result implies many of the consequences of the
minimal model program. In particular it provides
an algebraic proof of the long-standing conjecture
that the canonical ring of a variety is a finitely
generated algebra. Experts agree that the article,
together with its companion, marks a watershed
in algebraic geometry.
Biographical Sketch of Birkar
Caucher Birkar was born and raised in Kurdistan,
where he developed a passion for mathematics.
His primary research interests are in algebraic
geometry, particularly birational geometry. He is
a professor of mathematics at the University of
Cambridge, where he has been since 2006. In 2010,
he was awarded a Philip Leverhulme Prize and the
prize of the Fondation Sciences Mathématiques
de Paris. He has been active organizing seminars,
workshops, and conferences in various countries.
Biographical Sketch of Cascini
Paolo Cascini was born and raised in Italy. He received his undergraduate degree from the Universitá degli Studi di Firenze. He obtained his PhD in
mathematics from New York University under the
supervision of F. A. Bogomolov and was awarded
the Wilhelm T. Magnus Prize for significant contributions to the mathematical sciences. He held
a postdoctoral position and then a permanent
assistant professorship at the University of California Santa Barbara, where he was awarded a
Sloan Fellowship. Later on, he moved to the United
Kingdom to join the faculty of Imperial College
London, where he holds an EPSRC fellowship. His
research interests are in algebraic geometry, especially birational geometry.
Biographical Sketch of Hacon
Christopher D. Hacon is a Distinguished Professor
at the department of mathematics of the University
of Utah. He received his undergraduate degrees
from the University of Pisa and the Scuola Normale
Superiore di Pisa in 1992 and his PhD from UCLA
in 1998 under the direction of Robert Lazarsfeld. His field of research is algebraic geometry,
especially the study of higher-dimensional birational geometry and the minimal model program.
Hacon is a fellow of the AMS and a recipient of
the 2007 Clay Research Award, the 2009 Frank
Nelson Cole Prize in Algebra, and the 2011 Antonio
Feltrinelli Prize in Mathematics, Mechanics, and
Application.
Biographical Sketch of McKernan
James McKernan was born in London, England,
in 1964. He received his BA in mathematics from
Cambridge University in 1985 while attending Trinity College and his PhD in mathematics from Harvard University under the supervision of Joseph
Harris in 1991. He then held temporary positions
at the University of Utah (1991–93), the University
of Texas at Austin (1993–94), and Oklahoma State
University, Stillwater (1994–95). He joined the
April 2016

faculty at the University of California Santa Barbara
in 1995, the faculty at the Massachusetts Institute
of Technology in 2007, and the faculty at the University of California San Diego in 2013. He received
a Clay Research Award in 2007 and the Cole Prize
in Algebra in 2009. He was made a fellow of the
Royal Society in 2011. His research interests are in
algebraic geometry, especially birational geometry
and the classification of algebraic varieties.
Joint Response from Caucher Birkar, Paolo
Cascini, Christopher D. Hacon, and James
McKernan
We are honored to have been selected to receive
the 2016 E. H. Moore Research Article Prize. We
are especially happy that the selection committee
decided to recognize the recent exciting developments in birational algebraic geometry. We would
like to stress that our accomplishments are based
on a long series of beautiful results obtained by Y.
Kawamata, J. Kollár, S. Mori, M. Reid, V. Shokurov,
Y.-T. Siu, and many others. We are also in debt
to A. Corti for many useful conversations on the
minimal model program.
One of the nicest things about receiving this
award is that it gives us an opportunity to publicly acknowledge the invaluable aid, support, and
encouragement we have received from co-authors,
mentors, and colleagues.
Caucher Birkar would like to thank his family,
Tarn, and Zanko for their love and support. He also
wishes to thank his brother, Haidar, who taught
him to learn and to enjoy mathematics beyond
the classroom since childhood. He is indebted to
his PhD advisors, Ivan Fesenko and Vyacheslav
Shokurov, and his many friends and colleagues for
their support throughout his career. He is grateful
to Cambridge University, EPSRC, the Leverhulme
Trust, and other supporting organizations for
giving him the opportunity to focus on research.
Paolo Cascini would like to thank his family for
their support and their encouragement all these
years. Since the beginning of his studies, he benefited enormously from interacting with many colleagues all over the world. He is especially grateful
to his PhD supervisor, F. A. Bogomolov. He would
also like to thank the departments of mathematics
at New York University, at the University of California Santa Barbara, and at Imperial College for
providing excellent environments for research. He
is also very grateful to the NSF, the Sloan Foundation, and EPSRC for their financial support.
Christopher Hacon would like to thank his
family, Aleksandra, Stefan, Ana, Sasha, Kristina,
Daniela, Marko, Derek, Carol, and Giovanni, for
their love and support; his mentors, F. Bardelli,
F. Catanese, and R. Lazarsfeld, for introducing
him to algebraic geometry; the NSF, the AMS, the
Sloan Foundation, the Clay Foundation, and the
Simons Foundation for financial support; and the
University of Utah for providing a great research
environment.
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James McKernan would like to thank Elham
Izadi and his family for their support, love, and
encouragement. He would also like to thank his
advisor, J. Harris, for inspiring him with so much
beautiful projective geometry; J. Kollár and S. Mori
for their support and encouragement over the
whole of his career; V. Shokurov, who is always
so generous with his ideas; and Y. Kawamata and
M. Reid for their help. He would like to thank the
department of mathematics at the University of
California Santa Barbara—where a considerable
amount of this work was done—for providing
such a great environment to do research, the
department of mathematics at the Massachusetts
Institute of Technology, and the University of
California San Diego. He is also very grateful to
the NSF, NSA, and the Clay Foundation for their
generous financial support.
About the Prize
The E. H. Moore Research Article Prize is awarded
every three years for an outstanding research
article that appeared in one of the primary AMS
research journals: Journal of the AMS, Proceedings
of the AMS, Transactions of the AMS, AMS Memoirs,
Mathematics of Computation, Electronic Journal of
Conformal Geometry and Dynamics, or Electronic
Journal of Representation Theory. The article
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must have appeared during the six calendar years
ending a full year before the meeting at which the
prize is awarded. The prize carries a cash award
of US$5,000.
The prize honors the extensive contributions of E. H. Moore (1862–1932) to the AMS.
Moore founded the Chicago section of the AMS,
served as the Society’s sixth president (1901–02),
delivered the Colloquium Lectures in 1906, and
founded and nurtured the Transactions of the AMS.
The E. H. Moore Research Article Prize is awarded
by the AMS Council acting on the recommendation
of a selection committee. For the 2016 prize, the
members of the selection committee were the following individuals.
Ian Agol
F. Michael Christ
Howard Masur
Bjorn Poonen (Chair)
Ulrike Tillman
The complete list of recipients of the E. H. Moore
Research Article Prize follows.
2004 Mark Haiman
2007 Ivan Shestakov, Ualbai Umirbaev
2010 Sorin Popa
2013 Michael Larsen, Richard Pink
2016 Caucher Birkar, Paolo Cascini,
Christopher D. Hacon, James McKernan
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2016 Oswald Veblen Prize
in Geometry

Fernando Codá-Marques

André Neves

Fernando Codá-Marques and André Neves were
awarded the 2016 Oswald Veblen Prize in Geometry at the 122nd Annual Meeting of the AMS in
Seattle, Washington, in January 2016.
Citation
The Willmore conjecture, formulated in 1965,
concerns the optimal shape of a torus T smoothly
embedded in R3 or S 3. It states that the Willmore
energy of the surface, defined in terms of its mean
curvature H by W (T) = ∫T H 2d A, is minimized by the
standard Clifford torus. (This torus is defined by
|z|=|w | on the unit sphere S 3⊂C2.) The energy W (T)
is conformally invariant, so images of the standard
torus under Möbius transformations should also
be minimizers. The study of W (T ) dates from the
work of Wilhelm Blaschke; physically, it measures
the bending energy stored in T.
Codá-Marques and Neves proved both the
minimizing property of the Clifford torus and its
essential uniqueness by studying the minimizer
within a five-dimensional space of cycles, building
on earlier work of Francisco Urbano (1990) and
Antonio Ros (1999).
Their contributions also include two sequels
to this work of a similar spirit. The first is their
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1358
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proof, jointly with Ian Agol, of a conjecture of Michael Freedman, Zheng-Xu He, and Zhenghan Wang
(1994) on the energy of links in S 3. They proved
that the Möbius energy M(L) of a nontrivial link
L⊂S 3—another conformal invariant—is minimized
by the standard Hopf link, made up of two closed
geodesics with linking number one.
The second is their proof of the existence of
infinitely many minimal hypersurfaces in a closed
manifold of positive Ricci curvature, confirming a
conjecture of Shing-Tung Yau (1982). This line of
research can be regarded as a deep, higher-dimensional extension of the study of closed geodesics
for an arbitrary Riemannian metric on S 2, dating
from the contributions of Lazar Lyusternik and
Lev Schnirel man in the 1940s. The key difficulty
in both cases comes from multiple coverings of
the same hypersurface.
Codá-Marques and Neves overcome this fundamental difficulty by using recent results of Misha
Gromov and Larry Guth in an ingenious way. In
each dimension p, the p-dimensional topology of
the space of codimension-1 cycles is captured by
the notion of a “p-sweepout,” and Gromov and
Guth showed that the minimax level over p-sweepouts grows sublinearly with p. Combining this
result with a well-known theorem of Theodore
Frankel—that in positive Ricci curvature minimal
hypersurfaces intersect—they were able to rule out
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the possibility that there are only finitely many
minimal hypersurfaces.
These sequels are detailed in their papers “Minmax theory and the energy of links” (joint with
Agol) and “Existence of infinitely many minimal
hypersurfaces in positive Ricci curvature”.
The work of Fernando Codá-Marques and André
Neves represents a landmark achievement in the
use of variational methods in differential geometry.
Biographical Sketch of Codá-Marques
Fernando Codá-Marques was born in São Carlos
in 1979 and grew up in Maceió, state of Alagoas,
Brazil. He received a BS from the Federal University
of Alagoas (UFAL) and an MS from IMPA in 1999. He
received his PhD from Cornell University in 2003
under the supervision of José Fernando Escobar.
He became a professor at Princeton University in
2014, after being at IMPA since 2003. He has visited
Stanford University during several periods since
2005, was a member of the Institute for Advanced
Study in Princeton (2008), and a visiting professor
at several institutions in France, including the École
Normale Superieure, Ecole Polytechnique, Institut
Henri Poincaré, Institut Fourier, and Marne-laVallée. In 2012 he received the Ramanujan Prize
(ICTP, Abel Fund, and IMU), the TWAS Prize in
Mathematics, and the UMALCA (Union Matematica
de America Latina y el Caribe) Prize.
Codá-Marques gave an invited address at the
International Congress of Mathematicians (ICM)
in Hyderabad in 2010 and a plenary lecture at the
ICM in Seoul in 2014. He also delivered the Barrett
Memorial Lectures (University of Tennessee), the
Yamabe Lectures (Northwestern), the Hadamard
Lectures (IHP-Paris), the S. Lojasiewicz Lecture
(Krakow), and the Joseph Fels Ritt Lectures (Columbia University). He is a member of the Brazilian
Academy of Sciences since 2014. He lives with his
wife, Ana, and his son, Pedro.
Response from Fernando Codá-Marques
It is an honor and an immense pleasure to be a
recipient, together with my friend André, of the
prestigious Oswald Veblen Prize in Geometry.
I am thankful to the committee for this recognition of our work. I am grateful to my family,
especially my parents, Severino and Dilze, my wife
Ana, and my siblings Gustavo and Clarissa. I am
sure that without their love and support I would
not be here today. I also look forward to meeting
my baby son, Pedro, who is joining us.
I thank also my late advisor, José Fernando Escobar (Chepe), who was always kind and supportive
of me, and Richard Schoen, whose influence has
been fundamental in my career. The year I spent
with Rick was decisive and helped shape my vision
of what is important in mathematics. I thank all my
teachers, especially Professor Manfredo do Carmo.
His lessons inspired me to choose the beautiful
field of geometry. I am also grateful to Harold
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Rosenberg for the many mathematical discussions
and to my students, who provide further motivation in my life. The collaboration and friendship
with André has been a constant source of joy to
me over the last ten years.
The study of minimal varieties is an old subject
that began with the work of Lagrange on the foundations of the calculus of variations. The solution
of the Plateau problem for mappings of the disk
(Douglas and Rado, 1930) and for rectifiable currents (Federer and Fleming, 1960) are milestones
of the field. But the question of existence of closed
minimal varieties in general compact Riemannian
manifolds is not a problem of minimization.
This inspired Almgren (1965) to develop a deep
min-max theory for the area functional. His work
was improved by his PhD student J. Pitts (1981),
but remained largely untouched until the last few
years.
André and I were extremely delighted when we
discovered that this old theory would play a major
role in the solution of the Willmore conjecture.
This required a change of perspective: instead of
trying to minimize the conformally invariant Willmore functional, as originally proposed, we used
conformal transformations to convert the problem
into a question of minimizing the maximum of the
area of certain five-parameter families of surfaces
in the three-sphere. Our work was done mainly
while we were both visiting Stanford University at
the end of 2011, and the main breakthrough came
when we realized how to prove such families are
topologically nontrivial. We were very amazed. A
few months later we wrote a paper with Ian Agol
in which we used similar ideas to solve a conjecture of Freedman, He, and Wang on the Möbius
energy of links. Then we turned our attention to
the general min-max theory and used it to prove
Yau’s conjecture about the existence of infinitely
many minimal hypersurfaces in the positive Ricci
curvature setting. The ideas of Gromov and a
paper of Guth on multiparameter sweepouts were
very influential. There have been several articles
on min-max theory recently, especially by young
people, and this makes us very happy. Major
questions remain open, such as understanding the
index, topology, and multiplicity of these minimal
varieties. We hope to contribute further to the field.
Biographical Sketch of Neves
André Neves is professor of mathematics at Imperial College London. He was born in 1975 in Lisbon,
Portugal, completed his PhD at Stanford University
in 2005 under the direction of Richard Schoen, and
then held positions at Princeton University from
2005 to 2009, the year he moved to Imperial College London. His field of research is differential geometry, and his work has been distinguished with
the New Horizons Prize in Mathematics in 2015,
the Royal Society Wolfson Merit Award in 2015, the
Whitehead Prize in 2013, and the Leverhulme Prize
AMS	
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in 2012. He gave the Nirenberg Lectures in 2015 in
Montreal, an invited address at the International
Congress of Mathematicians in Seoul in 2014, the
Rademacher Lectures in 2015 (University of Pennsylvania), and the Barrett Lectures (University of
Tennessee) in 2013.
Response from André Neves
It is a great honor to receive the Oswald Veblen
Prize in Geometry along with my dear friend Fernando.
Working and developing min-max theory together with Fernando has been a tremendous
experience: it started with an academic interest in
conformal deformations of surfaces, but soon we
realized that we were discovering some new rich
topology in the space of all surfaces. Coupling that
with principles of Morse theory and ideas from
minimal surfaces theory, we were able to answer
some long-standing open questions in geometry.
Since its beginnings, variational methods have had
great influence in geometry, and I am delighted
that our work made some contributions on that
front. This is a beautiful subject, and I hope that
its contributions will keep increasing for many
years to come.
I consider myself very fortunate to have had
Richard Schoen—one of the pioneers of geometric
analysis—as my PhD advisor. His mathematical
work and sharp intuition have been a towering influence on my research. I would also like to thank
my collaborators and friends, from whom I have
undoubtedly learned a lot, and my colleague Sir
Simon Donaldson for all his support and encouragement throughout my career.
Finally, none of this would have been possible
without the constant love and unyielding support
of my parents Nelsa and Custódio, my wife Filipa,
and our two adorable children, Eva and Tomás. In
one way or another, they have all made sacrifices
for the pursuit of my career.

The Oswald Veblen Prize in Geometry is awarded
by the AMS Council acting on the recommendation
of a selection committee. For the 2016 prize, the
members of the selection committee were the
following individuals.
Dusa McDuff
Curtis T. McMullen
Shmuel Weinberger (Chair)
The complete list of recipients of the Oswald
Veblen Prize in Geometry follows.
1964 Christos D. Papakyriakopoulos,
Raoul H. Bott
1966 Stephen Smale, Morton Brown,
Barry Mazur
1971 Robion C. Kirby, Dennis P. Sullivan
1976 William P. Thurston, James Simons
1981 Mikhael Gromov, Shing-Tung Yau
1986 Michael H. Freedman
1991 Andrew Casson, Clifford H. Taubes
1996 Richard Hamilton, Gang Tian
2001 Jeff Cheeger, Yakov Eliashberg,
Michael J. Hopkins
2004 David Gabai
2007 Peter Kronheimer, Tomasz Mrowka,
Peter Ozsváth, Zoltán Szabó
2010 Tobias H. Colding,
William P. Minicozzi II, Paul Seidel
2013 Ian Agol, Daniel Wise
2016 Fernando Codá-Marques, André Neves

•
•
•

About the Prize
The Oswald Veblen Prize in Geometry is awarded
every three years for a notable research memoir
in geometry or topology that has appeared during
the previous five years in a recognized North
American journal (until 2001 the prize was usually
awarded every five years). Established in 1961,
the prize honors the memory of Oswald Veblen
(1880–1960), who served as president of the AMS
during 1923–24. The prize was initially established
with funds contributed by former students and
colleagues and later doubled by Veblen’s widow.
In honor of her late father, John L. Synge, who
knew and admired Oswald Veblen, Cathleen Synge
Morawetz and her husband, Herbert, substantially
increased the endowed fund in 2013. Cathleen
Synge Morawetz served as president of the AMS
during 1995–96. The Prize carries a cash award
of US$5,000.
April 2016
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2016 David P. Robbins Prize

Christoph Koutschan

Manuel Kauers

Doron Zeilberger

Christoph Koutschan, Manuel Kauers, and
Doron Zeilberger were awarded the 2016 David
P. Robbins Prize at the 122nd Annual Meeting of
the AMS in Seattle, Washington, in January 2016
for their paper, “Proof of George Andrews’s and
David Robbins’s q-TSPP conjecture,” Proceedings
of the National Academy of Sciences of the USA,
108 (2011), 2196–2199.
Citation
A plane partition π may be thought of as a finite
set of triples of natural numbers with the property
that if (i, j,k) is in π, then so is every (i ,j ,k) with
i≤i, j≤ j, and k≤ k. The symmetric group S 3 acts
on plane partitions by permuting the coordinate
axes. A plane partition π may also be “complemented” by constructing the set of points not in π
that are in the smallest box enclosing π, and then
reflecting them through the center of the box. The
set of plane partitions that is invariant under some
subgroup of these transformations is known as a
“symmetry class of plane partitions.”
In the early 1980s, the combined experimental observations of several people, including
David Robbins himself, suggested that all the
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1356
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symmetry classes of plane partitions were enumerated by a family of remarkably simple product
formulas. In some cases, this was also found to be
true of the q-analogs of these formulas—generating functions where q tracks some parameter of
interest. Simple combinatorial formulas usually
have simple combinatorial explanations, but surprisingly that is not the case here. Many of the
formulas are exceedingly difficult to prove, and to
this day there is no unified proof that explains why
they are all so simple and so similar. When simple
combinatorial formulas fail to have simple combinatorial proofs, it usually means that something
deep is going on beneath the surface. Indeed, the
study of symmetry classes of plane partitions has
revealed unexpected connections between several
areas, including statistical mechanics, the representation theory of quantum groups, alternating
sign matrices, and lozenge tilings.
By 1995 all the formulas had been proved but
one: the q-TSPP (totally symmetric plane partitions, where q tracks the number of orbits of
triples) formula, independently conjectured by
George Andrews and David Robbins. The paper
by Koutschan, Kauers, and Zeilberger, along with
supporting computer files on Koutschan’s website, finally established the correctness of this
AMS	
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last conjectured formula. It is a tour de force of
experimental mathematics.
The authors’ starting point was a 1989 paper of
Okada that reduced the problem to a conjecture
on the values of the determinants of a special
sequence of matrices. The form of the matrices
enables one to verify the conjecture by Zeilberger’s
“holonomic ansatz,” in which one hypothesizes a
system of auxiliary functions that would certify
the correctness of the determinant evaluation.
If these auxiliary functions exist, then one can
search for them computationally. Once found,
the functions must be shown to satisfy certain
recurrences in order to complete the proof. The
authors performed the search, found the candidate
auxiliary functions, and empirically verified that
they seemed to satisfy the necessary recurrences.
Although techniques existed that might in principle find proofs for the recurrences, the necessary
computations seemed far beyond the reach of
current computers, and the authors initially announced a semirigorous but not fully rigorous
proof. However, the authors then developed “creative telescoping” techniques that dramatically
simplified the necessary computations, resulting
in a fully rigorous proof of the q-TSPP formula.
The David P. Robbins Prize is awarded to a novel
research paper in algebra, combinatorics, or discrete mathematics with a significant experimental
component. The q-TSPP paper is a shining example. The conjecture itself was born from experimental observations, and the proof involved the
development of new experimental mathematical
techniques that are sure to solve many problems.
Biographical Sketch of Koutschan
Christoph Koutschan, born in 1978, received his
master’s degree in 2005 from Friedrich Alexander
University and his PhD in 2009 from the Johannes
Kepler University under the direction of Peter
Paule. He was a postdoctoral fellow at the Research
Institute for Symbolic Computation (RISC, Linz),
at Tulane University, and at the Institut National
de Recherche en Informatique et en Automatique
(INRIA). He is currently with the Johann Radon Institute for Computational and Applied Mathematics (RICAM) of the Austrian Academy of Sciences.
His research interests are devoted to computer
algebra methods related to the holonomic systems
approach, particularly symbolic summation and
integration algorithms, and their application in
other areas of mathematics.
Response from Christof Koutschan
I’m deeply honored to receive the David P. Robbins
Prize for the proof of the q-enumeration formula
for totally symmetric plane partitions. This beautiful and mysterious formula was conjectured independently by David Robbins and George Andrews
in the early 1980s. It was none other than Doron
Zeilberger who proposed to my colleague Manuel
Kauers and me to tackle this problem, which he
April 2016

constantly called “the holy grail of enumerative
combinatorics.” Back then I was a PhD student and
quite excited to work on such an old and important
conjecture. At the very beginning I didn’t know at
all what a totally symmetric plane partition was or
what q-enumeration meant. But thanks to Soichi
Okada, who had reformulated the conjecture in
terms of a family of determinants, that wasn’t even
necessary; the only thing one had to do was to evaluate these determinants. And Doron had already
devised a recipe—the holonomic ansatz—how one
could do that, but the necessary computer algebra
calculations seemed to be far beyond what was
possible with the current hardware and software.
As a warmup example we applied Doron’s recipe
to the q =1 case, first proved by John Stembridge in
1995 using a different approach, but already this
considerably easier task appeared to be hopeless.
At this point, the visionary suggestion of my PhD
advisor Peter Paule to investigate and implement
the holonomic systems approach turned out to be
a lucky chance: by the end of my PhD I had found
a way to solve the q =1 case, and, shortly after, a
new method for computing creative telescoping
relations was born, which was efficient enough to
prove the determinant evaluations that implied
the q-TSPP formula. Since that time this method,
which was originally motivated from David Robbins’s conjecture, has been successfully applied to
various other problems ranging from enumerative
combinatorics and statistical physics to numerical
analysis and knot theory.
Biographical Sketch of Kauers
Manuel Kauers was born in Germany and studied
computer science at the University of Karlsruhe
from 1998 to 2002 before he went to Linz, Austria,
to do a PhD in symbolic computation under the
supervision of Peter Paule. He earned his doctoral
degree in 2005 and an habilitation in mathematics
in 2008. In 2009, he was awarded the START prize
of the Austrian federal minister for science and
education, the most prestigious award for young
scientists in Austria, endowed with a research
grant of 1.2 million euros. In June 2015, Kauers was
appointed full professor at the Johannes Kepler
University in Linz, where he is now the director
of the Institute for Algebra. He is best known for
his contributions to computer algebra and its
applications to combinatorics and experimental
mathematics.
Response from Manuel Kauers
Back in 2006, Doron Zeilberger visited Linz and
sketched a way to prove the q-TSPP conjecture
computationally. The computations he suggested
were quite expensive, and there was no reason
(other than his intuition) that the “certificate” he
aimed to compute would even exist. We were reluctant to invest time and energy on such a risky
project, but Zeilberger kept pushing us until we
did. Now in 2016, I am glad that he insisted, and
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I am happy to receive the David P. Robbins Prize
together with Koutschan and Zeilberger for a hard
piece of work that we have done together. I also appreciate very much that the committee has decided
to recognize a paper with a proof that was found
by computer algebra, thereby helping to raise the
awareness of the power of today’s computational
methods, not just for industrial applications but
also for pure mathematics.
Biographical Sketch of Zeilberger
Doron Zeilberger was born on July 2, 1950, in Haifa,
Israel, to Ruth (Alexander) and Yehudah Zeilberger.
He received his PhD in 1976 from the Weizmann
Institute of Science (as a student of Harry Dym (a
student of Henry McKean (a student of William
Feller (a student of Richard Courant (a student
of David Hilbert))))). He is currently the Board
of Governors Professor at Rutgers University. In
1979 he married Jane D. Legrange (PhD, Physics,
Illinois, 1980, currently at LGSInnovation). Their
children are Celia (b. 1983), Tamar (b. 1986), and
Hadas (b. 1990). In 1998 he received, with Herbert
S. Wilf (1931–2012), the Steele Prize for Seminal
Contributions to Research and, in 2004, the Euler
Medal from the Institute of Combinatorics and Its
Applications.
Response from Doron Zeilberger
David Peter Robbins’s beautiful gravestone, in
the Princeton Cemetery (here is a picture: www.
math.rutgers.edu/~zeilberg/graves/DaveRobbinsGrave.html) says that he was a “Solver
of Problems.” True, of course, but he was just as
great a “Poser of Problems,” and many of his problems kept me, and many of my colleagues, busy
for many years, and some of them are still wide
open. Dave was a pioneer of what is now called
“experimental mathematics”, and it is particularly
gratifying that the work that I and my collaborators, Christoph Koutschan and Manuel Kauers, did
to deserve the prize that bears his name uses his
methodology of experimental mathematics, not
just to conjecture interesting results, but also to
prove them.
About the Prize
The David P. Robbins Prize was established in
2005 in memory of David P. Robbins by members
of his family. Robbins, who died in 2003, received
his PhD in 1970 from the Massachusetts Institute
of Technology. He was a long-time member of the
Institute for Defense Analysis Center for Communications Research and a prolific mathematician
whose work (much of it classified) was in discrete
mathematics.
The prize is given for a paper published during
the preceding six calendar years that (1) reports
on novel research in algebra, combinatorics, or
discrete mathematics, (2) has a significant experimental component, (3) is on a topic broadly
accessible, and (4) provides a simple statement
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of the problem and clear exposition of the work.
The US$5,000 prize is awarded every three years.
The David P. Robbins Prize is awarded by the
AMS Council acting on the recommendation of a
selection committee. The members of the 2016
David P. Robbins Prize Committee were the following individuals.
Sara C. Billey
Timothy Y. Chow
Curtis Greene
Victor Reiner
Daniel A. Spielman (Chair)
The complete list of recipients of the David P.
Robbins Prize follows.
2007 Samuel P. Ferguson, Thomas C. Hales
2010 Ileana Streinu
2013 Alexander Razborov
2016 Christoph Koutschan, Manuel Kauers,
Doron Zeilberger

•
•
•
•
•
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2016 Award for Distinguished
Public Service

Aloysius
Helminck
received the
2016 Award
for Distinguished Public
Service at the
122nd Annual
Meeting of the
AMS in Seattle,
Washington,
in January
2016 “for his
dynamic and
public-spirited
leadership of
the DepartAloysius Helminck
ment of Mathematics at North Carolina State University, and
for his work, both in his department and at the
national level, to increase the diversity of the
mathematical research community.”
Citation
Aloysius “Loek” Helminck was head of the department of mathematics at North Carolina State
University from 2005 until 2015. In that decade,
he set an example for what strong departmental
leadership can accomplish. The department is an
excellent citizen at all levels, including running
one of the largest REU programs in the nation,
supporting mathematics achievement in the community through MAA contests and a local contest
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1351
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of their own, community enrichment activities, as
well as a Math Circle.
The department has been recognized by the
AMS through its Award for Exemplary Achievement (2010) and its Award for Programs That Make
a Difference (2011). However, Helminck’s leadership of multiple programs, both local and national,
fostering the goal of diversity in the mathematical
community, calls for individual recognition.
Helminck directed the department’s REU program as well as a supplementary component, the
REU+, designed to facilitate, both financially and
intellectually, REU participation by promising
minority students. He also directed the Research
Scholars Program in Mathematics, which provides
scholarship funding at North Carolina State University for promising mathematics students, both
undergraduate and graduate. The department has
graduated African American PhDs at exceptional
rates under Helminck’s leadership—more than one
in eight of all African American PhDs in mathematics since 2000.
Helminck is also codirector of the National
Alliance for Doctoral Studies in the Mathematical
Sciences and director of the National Alliance for
Building Faculty Diversity in the Mathematical
Sciences. The first program encourages promising
minority undergraduates to continue to graduate
study. With conferences, mentoring, and other
activities, it has involved over 1,500 undergraduates, and it facilitates several dozen applications to
PhD and master’s programs each year. The second
program provides new minority mathematics PhDs
with supportive postdoctoral experiences at any
of seven participating universities. It is currently
sponsoring fourteen postdoctoral mathematicians.
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Alongside these multiple projects, he maintains
his scholarly activities. He has published nearly
fifty research papers related to algebraic groups,
especially symmetric spaces, and has directed
twenty-two theses, including seventeen since becoming department head. The range, extent, and
impact of his efforts richly merit recognition with
the Distinguished Public Service Award.
Biographical Sketch
Aloysius (Loek) Helminck was born in Rotterdam,
The Netherlands, and received his BS and MS in
mathematics and physics from the University
of Utrecht, The Netherlands. His graduate study
was supported through a research position at the
Centrum Wiskunde and Informatica (CWI) in Amsterdam, and he received his PhD in 1985 under
the supervision of T. A. Springer at the University
of Utrecht. After a postdoctoral fellowship at the
University of Michigan, he joined the faculty at
North Carolina State University (NCSU) in 1987. He
was head of his department from 2005 to 2015.
His professional interests include algebraic groups,
symmetric spaces, representation theory, symbolic
computation, and integrable systems. He graduated twenty-two PhD students, and he is a fellow
of the American Mathematical Society.
During Helminck’s headship the department of
mathematics at NCSU flourished. Under his leadership the department won prestigious national
awards, doubled its federal research funding, and
improved by many measures. Fundamental to his
leadership is his desire to enable the success of
those around him. To begin, he worked to improve
the environment for students and faculty at NCSU,
but he quickly realized that he could play a role
helping others more broadly. He designed and
instituted many programs to improve access and
success for all. For example, he started an REU
program at NCSU which has had great success attracting women and those from underrepresented
groups (more than 50 percent female and 25 percent minority participants). This has been one of
the largest REU programs in the nation, serving
almost 400 students since 2005. He also developed
and obtained funding for research experiences for
early graduate students which contributed to a
tremendous increase in the retention rate of PhD
students.
To attract more underrepresented students to
NCSU, Helminck developed relationships with departments of mathematics at many regional historically black colleges and universities (HBCUs). As he
became aware of inequities in the educational system, he started creative initiatives to help at many
levels. With his colleagues at HBCUs he created
new pathways for talented, but underprepared,
underrepresented students to participate in his
REU program. With the goal of increasing the
number of minority faculty at research universities, Helminck was instrumental in creating a
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postdoctoral program called the National Alliance
for Building Faculty Diversity in the Mathematical Sciences. This program affords talented new
PhDs an opportunity as a research postdoc at one
of seven universities and time at any of the NSF
Mathematical Institutes.
In addition to this postdoc alliance, Helminck
has helped re-envision and expand the Alliance
for Doctoral Studies in the Mathematical Sciences,
which aims to increase the number of minority
students who attend graduate programs in the
mathematical sciences. He has been involved in
many national and local diversity and mentoring
efforts. He has served on committees of the AMS,
AWM, and SIAM.

Response from Aloysius Helminck
I am deeply honored to receive the American Mathematical Society 2016 Award for Distinguished
Public Service. I would like to thank those who
nominated me and the selection committee for this
recognition. I have a deep commitment to helping
others. It is especially gratifying to do this in the
context of mathematics: to help my department
excel in their mission of research and teaching; to
help my students become successful mathematicians; to help others around the country, especially
those from underrepresented groups, realize their
potential place in the mathematics community and
help pave the path to let them get there.
I am grateful for the opportunities I have had
to develop programs which help enable others. Of
course nothing can be accomplished alone, and I
am fortunate to have had the support from many in
the community for my initiatives. There are now at
least three different diversity alliances with which
I am affiliated. Alliances are exactly what we need,
as we must work together and trust each other to
succeed. I would like to thank all of my allies in all
of these alliances and in my department. Together
we are building a strong network of diverse mathematicians. Most importantly, I would like to thank
all the students and postdocs that I have had the
good fortune to work with over the years. Their
successes are my greatest reward.
Just as mathematics itself has diversified with
many new fields, we now know that good mathematicians will come from all sorts of backgrounds.
Mathematics is pervasive in the modern world.
We must learn to recognize and nurture talent
and potential everywhere, especially that which
may look very different from our own. I invite my
colleagues in the research community to think
broadly about our efforts to diversify the mathematics community.
About the Award
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
AMS	
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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.
The Award for Distinguished Public Service is
made by the AMS Council, acting on the recommendation of the selection committee. For the 2016
award, the members of the selection committee
were the following individuals.
John H. Ewing
Richard M. Hain
Roger E. Howe (Chair)
William McCallum
Sylvia M. Wiegand

•
•
•
•
•

The complete list of recipients of the Award for
Distinguished Service follows.
1990 Kenneth M. Hoffman
1992 Harvey B. Keynes
1993 I. M. Singer
1995 D. J. Lewis
1997 No Award Made
1998 Kenneth C. Millett
2000 Paul J. Sally Jr.
2002 Margaret H. Wright
2004 Richard A. Tapia
2006 Roger Howe
2008 Herbert Clemens
2010 Carlos Castillo-Chavez
2012 William McCallum
2014 Philip Kutzko
2016 Aloysius Helminck

History of Mathematics
The titles in this series offer compelling
historical perspectives on the individuals
and communities that have profoundly
influenced mathematics development. Each
book constitutes a valuable addition to a
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2016 Frank and Brennie
Morgan Prize for Outstanding
Research in Mathematics by an
Undergraduate Student
Amol Aggarwal was
awarded the 2016
Frank and Brennie
Morgan Prize for Outstanding Research in
Mathematics by an Undergraduate Student
at the 122nd Annual
Meeting of the AMS in
Seattle, Washington, in
January 2016.
Citation
Amol Aggarwal is the
recipient of the 2016
AMS-MAA-SIAM Frank
and Brennie Morgan
Amol Aggarwal
Prize for Outstanding
Research in Mathematics by an Undergraduate
Student for his outstanding research in combinatorics. He has four published papers, which have
appeared in Journal of Combinatorial Theory, Series A; European Journal of Combinatorics; Discrete
Mathematics; and Electronic Journal of Combinatorics. His numerous letters of support describe these
papers as being of postdoctoral caliber.
Aggarwal participated in the 2014 University
of Minnesota–Duluth Research Experience for
Undergraduates, in the 2013 MIT Undergraduate
Research Opportunities Program, and in the 2012
MIT Summer Program for Undergraduate Research.
The research Aggarwal conducted as a high school
student under the direction of Professor János
Pach has recently been published.
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1355

438

Notices

of the

Aggarwal has also been awarded the National
Science Foundation Graduate Research Fellowship
and the National Defense Science and Engineering
Graduate Fellowship, and he was named a finalist
for the Hertz Foundation Fellowship. As a high
school student, he was a finalist in the 2011 Intel
Science Talent Search and a 2010 Siemens Research
Competition semifinalist.
Biographical Sketch
Amol Aggarwal was born and raised in New York
until the age of eleven. He then moved with his
family to California, where he went to middle
school and high school. It was in high school when
Amol was introduced to mathematical research,
after unwittingly working on an unsolved question
in combinatorial geometry about convex point configurations. After graduating from Saratoga High
School in 2011, Amol attended the Massachusetts
Institute of Technology, where he had the privilege
of learning a diverse selection of mathematical topics from experts in the field. As a student at MIT,
Amol pursued several research projects in different areas, including integrable probability, random
matrices and map enumeration, and simultaneous
core partitions. Recently having graduated from
MIT with a major in mathematics, Amol is currently
a doctoral student at Harvard University, where he
is planning to focus on probability theory.
Response from Amol Aggarwal
I am deeply honored to receive the 2016 Frank and
Brennie Morgan Prize for Outstanding Research
in Mathematics by an Undergraduate Student,
and I express my profound gratitude to Mrs.
Frank Morgan and the AMS-MAA-SIAM committee, both for selecting me for this award and for
inspiring young mathematicians to pursue
research. The list of people who have influenced
my perspective towards mathematics goes well beyond the capacity of this response, but please permit me to mention a few names regardless. First,
AMS	
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I would like to thank my research advisors. These
include János Pach, who selflessly agreed to advise
me in my first research project when I was still in
high school; Joe Gallian, who generously invited me
to participate in his REU; and Alexei Borodin, who
has consistently offered me both practical advice
and academic knowledge throughout my time at
MIT. Second, I would like to thank several mathematicians who had the time and patience to talk
to me about their fields of interest. These include
Victor Guillemin, Ivan Corwin, Jacob Fox, Alan
Edelman, Rishi Nath, and Michael La Croix. Third,
I thank my friends, whose kindness, creativity, and
joy for life continues to inspire me. Finally, my
deepest thanks go to my family, whose everlasting
support has shaped who I am today.
Citation for Honorable Mention: Evan O’Dorney
Evan O’Dorney is recognized with an Honorable
Mention for the 2016 Frank and Brennie Morgan
Prize for Outstanding Research in Mathematics
by an Undergraduate Student. He has several
published papers in the areas of number theory,
algebra, and combinatorics, which have appeared
in Integers, Linear Algebra and Its Applications,
Semigroup Forum, and Annals of Combinatorics.
O’Dorney has participated in REUs at Emory
University and the University of Minnesota–Duluth.
He is a recipient of the Churchill Scholarship and
is a three-time Putnam Fellow. As a high-school
student, he was a four-time medalist at the International Mathematical Olympiad, a three-time
winner of the U.S. Mathematical Olympiad, and
the national champion of the 2011 Intel Science
Talent Search.
Biographical Sketch
Evan O’Dorney, a resident of Danville, California, was fascinated by numbers from an early
age and gained an appreciation for mathematics
from many popular books, especially the works
of Martin Gardner. Throughout high school, he
enrolled in college-level math courses at the University of California Berkeley. He received his BA
in mathematics summa cum laude from Harvard
University in 2015. He is currently attending the
one-year “Part III” program at Cambridge University, UK, after which he plans to pursue a PhD at
Princeton University under Manjul Bhargava. His
nonmathematical pursuits include composing and
improvising on the piano and organ and praying
the rosary.
Response from Evan O’Dorney
It is a privilege to be counted among the young
mathematicians that AMS, MAA, and SIAM
honor through the institution of the 2016
Frank and Brennie Morgan Prize for Outstanding Research in Mathematics by an Undergraduate
Student. I thank the many advisors who made my
undergraduate research career possible, especially
Lek-Heng Lim (who introduced me to mathematical
research in the tenth grade), Zvezda Stankova, Ravi
April 2016

Vakil, Brian Conrad, Joe Gallian, Ken Ono, David
Zureick-Brown, Joe Harris, Benedict Gross, and
Noam Elkies.
About the Prize
The Frank and Brennie 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 it carries a
cash award of US$1,200.
Recipients of the 2016 Frank and Brennie Morgan Prize for Outstanding Research in Mathematics
by an Undergraduate Student are chosen by a joint
AMS-MAA-SIAM selection committee. For the 2016
prize, the members of the selection committee
were the following individuals:
Bela Bajnok
Jacob Fox
Johnny Guzman
Steven J. Leon
Susan E. Martonosi (Chair)
Sarah Dianne Olson
The complete list of recipients of the Frank and
Brennie Morgan Prize for Outstanding Research
in Mathematics by an Undergraduate Student follows.
1995 Kannan Soundararajan
1996 Manjul Bhargava
1998 Jade Vinson (1997)
1999 Daniel Biss
2000 Sean McLaughlin
2001 Jacob Lurie
2002 Ciprian Manolescu
2003 Joshua Greene
2004 Melanie Wood
2005 Reid Barton
2006 Jacob Fox
2007 Daniel Kane
2008 Nathan Kaplan
2009 Aaron Pixton
2010 Scott Duke Kominers
2011 Maria Monks
2012 John Pardon
2013 Fan Wei
2014 Eric Larson
2015 Levent Alpoge
2016 Amol Aggarwal

•
•
•
•
•
•
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2016 Norbert Wiener Prize in
Applied Mathematics

Constantine Dafermos
was awarded the 2016
AMS-SIAM 2016 Norbert Wiener Prize in Applied Mathematics at the
122nd Annual Meeting of
the AMS in Seattle, Washington, in January 2016.
Citation
The 2016 Norbert Wiener
Prize in Applied Mathematics is awarded to
Professor Constantine M.
Dafermos for his foundational work in partial differential equations and
continuum physics. ProConstantine Dafermos
fessor Dafermos is recognized for his seminal contributions to the theory of
nonlinear conservation laws and its application to
continuum mechanics, gas dynamics, and nonlinear elasticity. His work has advanced the research
areas of fading memory, N-waves, periodicity and
decay, dissipation, entropy, and compensated compactness; it has directed applications to two-phase
flows, thermoelasticity, viscoelastic materials, and
both sonic and subsonic flows. He has introduced
several fundamental concepts such as the methods
of relative entropy, generalized characteristics,
wave-front tracking, and the entropy rate criterion
for the selection of admissible wave fans.
Biographical Sketch
Constantine Dafermos was born in Athens, Greece,
in 1941. He received a diploma in civil engineering
from the National Technical University in 1964
and a PhD in mechanics from Johns Hopkins
For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1359
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University in 1967. After teaching for three years
at Cornell University, he moved to Brown University in 1971, where he is currently professor of
applied mathematics. His work lies at the interface
between continuum mechanics and partial differential equations.
Response from Constantine Dafermos
I am deeply honored to receive 2016 Norbert
Wiener Prize in Applied Mathematics but also am
humbled by the prospect of joining the company
of such distinguished earlier recipients. I feel that
I am sharing the award with scores of teachers,
colleagues, and students who shaped me as a
scientist and provided, over the years, invaluable
support and inspiration. The list is very long, so
I shall only mention those who departed way too
early: my wife Stella and Ron DiPerna.
About the Prize
The Norbert Wiener Prize in Applied Mathematics
is awarded every three years to recognize outstanding contributions to applied mathematics
in the highest and broadest sense (until 2001, the
prize was awarded every five years). Established
in 1967 in honor of Norbert Wiener (1894–1964),
the prize was endowed by the Department of
Mathematics of the Massachusetts Institute of
Technology. 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 and a resident of the United
States, Canada, or Mexico. The prize carries a cash
award of US$5,000.
The recipient of the Norbert Wiener Prize
in Applied Mathematics is chosen by a joint
AMS-SIAM selection committee. For the 2016 prize,
the members of the selection committee were the
following individuals.
Walter Craig
Ronald A. DeVore
Charles L. Epstein (Chair)

•
•
•
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American Mathematical Society
The complete list of recipients of the Norbert
Wiener Prize in Applied Mathematics follows.
1970 Richard E. Bellman
1975 Peter D. Lax
1980 Tosio Kato, Gerald B. Whitham
1985 Clifford S. Gardner
1990 Michael Aizenman, Jerrold E. Marsden
1995 Hermann Flaschka, Ciprian Foias
2000 Alexandre J. Chorin, Arthur T. Winfree
2004 James Sethian
2007 Craig Tracy, Harold Widom
2010 David L. Donoho
2013 Andrew Majda
2016 Constantine Dafermos

3-Manifold Groups
Matthias Aschenbrenner, University of
California, Los Angeles, CA, Stefan Friedl,
Universität Regensburg, Germany, and
Henry Wilton, University of Cambridge,
United Kingdom
This book summarizes developments made in the
field and provides an exhaustive account of the current state of the art of 3-manifold topology, especially
focusing on the consequences for fundamental groups of 3-manifolds.
EMS Series of Lectures in Mathematics, Volume 20; 2015; 230
pages; Softcover; ISBN: 978-3-03719-154-5; List US$48; AMS members
US$38.40; Order code EMSSERLEC/20

A Spinorial Approach
to Riemannian and
Conformal Geometry
Jean-Pierre Bourguignon, Institut des
Hautes Études Scientifiques, Bures-surYvette, France, Oussama Hijazi, Université
de Lorraine, Vandœuvre-lès-Nancy, France,
et al.
The book gives an elementary and comprehensive introduction to Spin
Geometry, with particular emphasis on the Dirac operator, which plays
a fundamental role in differential geometry and mathematical physics.
EMS Monographs in Mathematics, Volume 6; 2015; 462 pages;
Hardcover; ISBN: 978-3-03719-136-1; List US$87; AMS members US$69.60;
Order code EMSMONO/6

Free Loop Spaces in
Geometry and Topology
Including the
Monograph “Symplectic
Cohomology and
Viterbo’s Theorem”
Lafayette, IN

Fabrice Baudoin, Purdue University, West

This book facilitates communication between topologists and symplectic
geometers thinking about free loop spaces and also begins to explore the
new directions of research that have emerged recently.
IRMA Lectures in Mathematics and Theoretical Physics,
Volume 24; 2015; 500 pages; Hardcover; ISBN: 978-3-03719-153-8; List
US$87; AMS members US$69.60; Order code EMSILMTP/24

Tempered Homogeneous
Function Spaces
Robert J. Marsh, University of Leeds,
United Kingdom
This book deals with homogeneous function spaces
of Besov–Sobolev type within the framework of
tempered distributions in Euclidean n-space based
on Gauss–Weierstrass semi-groups.



EMS Series of Lectures in Mathematics, Volume 21; 2015; 143
pages; Softcover; ISBN: 978-3-03719-155-2; List US$38; AMS members
US$30.40; Order code EMSSERLEC/21

bookstore.ams.org

Publications of the European Mathematical Society (EMS). Distributed within the
Americas by the American Mathematical Society.

bookstore.ams.org
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BOOK REVIEW

Birds and Frogs:
Selected Papers,
1990–2014
Reviewed by Gerald B. Folland

It will not come as news to most readers of the Notices that
Freeman Dyson is the possessor of a lively and inquisitive
mind that is equally at home in physics and mathematics
and a frequent visitor to other areas of discourse. A couple
of decades ago, two anthologies of his papers were produced: one [1] a collection of his nontechnical articles on
a wide variety of subjects and the other [2] containing his
technical scientific work. The present volume is a sequel to
both of them, comprising a selection of both nontechnical
and technical papers (in the ratio of about 3 to 1) from
the past quarter-century. The title is appropriated from a
delightful article, originally published in the Notices, that
contrasts big-picture visionaries (birds) with masters of
technical detail (frogs).
There is a great diversity of material in this book, and
almost all of it makes enjoyable reading. Let me try to
give the flavor of it by describing a few of the highlights.
Gerald B. Folland is professor emeritus of mathematics at the
University of Washington. His email address is folland@math.
washington.edu.
For permission to reprint this article, please contact: reprintpermission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1362
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Photo by Andrea Kane.

Bird and Frogs: Selected Papers, 1990–2014
Freeman J. Dyson
World Scientific, 2015, vi+368 pages,
US$58.00 (hardcover), US$28.00 (softcover)
ISBN: 978-981-4602-85-3, ISBN: 978-981-4602-86-0

Freeman Dyson at a conference titled “Dreams of Earth
and Sky: A Celebration for Freeman Dyson”, Institute
for Advanced Study, September 2013.
Several of the pieces here draw on Dyson’s personal
recollections, beginning with a charming portrait of the
scientist as a young boy. The memoir on the operations
of the Royal Air Force Bomber Command, where Dyson
worked as a statistical analyst in World War II, gives an
interesting personal view of successes, failures, and moral
dilemmas in an important episode of military history.
And an account of a brief meeting with Enrico Fermi, in
which Fermi politely but firmly told Dyson that he and his
students were walking up a blind alley, stands as a model
of scientific honesty on the part of both parties.
of the
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you are likely to have the pleasure of learning something
new or gaining a new perspective on something old.

References
1. F. J. Dyson, From Eros to Gaia, Pantheon Books, New York, 1992.
2. ________, Selected Papers, American Mathematical Society, Providence, RI, 1996. MR1390992 (97f:01031)

Photo by Patrick Perkins.

There are several essays about the lives and work
of other eminent scientists. The one that stands out is
the memorial article on Edward Teller, one of the more
perplexing figures of twentieth-century physics. Teller
spent the first half of his career happily collaborating
with many others on a wide range of problems in theoretical physics. As Dyson wrote in a letter in 1949, “He has
done all kinds of interesting things in physics, but never
the same thing for long, and he seems to do physics for
fun rather than for glory.” But in 1952 Teller moved to
the Livermore Laboratory and spent the rest of his career
working in relative isolation on applications of nuclear
power, both military and otherwise, and expounding hawkish views on international politics. (His testimony against
Robert Oppenheimer at the 1954 congressional hearings
did much to erode his professional friendships.) Dyson,
who knew and liked Teller and collaborated with him on
a project to build safe nuclear reactors, gives what seems
to me a very fair assessment of this complicated man.
Some of the articles here depart from the territory of
physics and mathematics into artificial intelligence, paleobiology and exobiology, and what one might broadly
label as “science and society”. A couple of them border on
science fiction or invite controversy. (In his commentary
on “Science in Trouble”, an article that elicited a lot of
criticism, Dyson notes with satisfaction that he “had successfully gored a number of sacred cows”.) My favorite is
“The Individual or the Group: A Question That Arises in
Science, Law, and Language”, which weaves discussions of
individual versus group selection in Darwinian evolution,
the difficulty of translating the English word “freedom”
into Russian, and the Bakke affirmative action case into a
single stimulating essay.
There are only eight items in the “Technical Papers”
group, but they are a heterogeneous bunch, mostly accessible to nonspecialists. A couple of them are pure mathematics (number theory and game theory), a couple are
pure physics, and a couple combine the two disciplines.
One of the latter does a neat job of applying ideas from
statistical mechanics to derive an approximate formula
for the partition function of number theory.
Let me close by saying a little more about one of the
physics papers. You may think, as I did, that the first
sustained nuclear fission reaction on Earth occurred in
1942 in Fermi’s laboratory in Chicago, but that is wrong. It
occurred around two billion years ago in Mother Nature’s
laboratory in Africa, in what is now a uranium mine in
Gabon, and it operated for some hundreds of thousands
of years. Several people have used data from the remains
of that reactor to address the question of whether the
strength of the electromagnetic field has changed over
the course of time; here Dyson and T. Damour subject
these calculations to a careful statistical analysis to confirm that the answer is “no” to a high degree of precision
and confidence. One may or may not wish to follow them
through the details, but it is fun to watch scientists at work
applying intriguing obscure facts to answer apparently
inaccessible questions. If you pick up Birds and Frogs and
browse through it, this is surely not the only place where

Professor Gerald B. Folland is often to be found
lecturing at various institutions in India or hiking in
the mountains of Washington or the red rock country
of his native Utah.
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BOOKSHELF
A man is known by the books he reads. —Emerson

New and Noteworthy Titles on Our Bookshelf
April 2016:
Fluke: The Math & Myth of Coincidence, by Joseph Mazur (Basic Books,
March 2016). After being cast in a
movie based on the book The Girl
from Petrovka, Anthony Hopkins
scoured London bookshops trying
to find a copy of the book. Returning
home empty-handed on the Underground, he spotted a book lying on
a bench. Not only was it The Girl from Petrovka, it was a
copy that the author, George Feifer, had lost. This is one
of ten coincidence stories that Mazur recounts near the
beginning in his latest book Fluke. After several chapters
in which the reader learns a bit about probability and statistics, Mazur comes back to those ten stories to analyze
them in the light of the mathematical tools just presented.
In the last part of the book, he presents five totally different kinds of coincidences—such as Röntgen’s discovery
of X-rays—that he says “completely escape analysis…they
seem to come to us through serendipity.”
Mathematics is About the World: How
Ayn Rand’s Theory of Concepts Unlocks the False Alternatives Between
Plato’s Mathematical Universe and Hilbert’s Game of Symbols, by Robert E.
Knapp (CreateSpace Independent Publishing Platform, August 2014). “Eratosthenes, in 200 BC, demonstrated
the power of indirect measurement
when he estimated the circumference
of the earth by measuring a shadow at noon, in Alexandria,
on the day of the summer solstice,” says the website for
this book. The book argues that mathematics does not
provide glimpses into a Platonic universe of ideal objects,
nor does it consist merely of meaningless symbols and
rules for manipulating them. Rather, “mathematics, however abstract, arises from and is shaped by requirements
of indirect measurement.”

of company has joined the usual group of banks, oil firms,
and the like: “Instead of discussing business or finance,
they focus on sports such as soccer… They are using
scientific methods to take on the bookmakers. And they
are winning.” The book is chock full of interesting tidbits
supporting Kucharski’s main point: “From the statisticians
forecasting sports scores to the inventors of the intelligent
algorithms that beat human poker players, people are
finding new ways to take on casinos and bookmakers.”
The AMS maintains a comprehensive list of reviews of
popular mathematics books on its Reviews page at www.
ams.org/news/math-in-the-media/reviews. The list
highlights current books that have mathematical themes
and are aimed at a broad audience potentially including
mathematicians, students, and the general public.
Suggestions for books to include on the list should be sent
to notices-booklist@ams.org.

Twenty Years Ago in the Notices
April 1996
Group Representations and Harmonic Analysis
from Euler to Langlands, by Anthony W. Knapp.

Master expositor Knapp traces the threads of
contemporary research in harmonic analysis back
to the eighteenth century (the first of a two-part
article).
www.ams.org/notices/199604/knapp.pdf

The Perfect Bet: How Science and
Math Are Taking the Luck Out of
Gambling, by Adam Kucharski (Basic
Books, February 2016). “Every autumn, recruitment teams descend
on the world’s best mathematics departments,” writes Kucharski in his
chapter “Pundits with PhDs”. He notes
that in recent years, a different kind
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Mathematics People
Golomb Awarded Franklin
Medal

Daniel Wise of McGill University has been awarded the 2016
CRM-Fields-PIMS Prize. According to the prize citation, Wise “is
widely recognized as one of the
top geometric group theorists in
the world. His fundamental research contributions lie at the core
of what is widely considered as
the most important development
in geometry and topology since
Perelman’s celebrated proof of
Daniel Wise
the Poincaré Conjecture, namely
the proof of Thurston’s virtually fibered conjecture for
hyperbolic three-manifolds. It has also been central to the
resolution of major open problems such as Waldhausen’s
virtual Haken conjecture and Baumslag’s famous 1968
conjecture, which states that every one-relator group with
torsion is residually finite. Over the past forty years, the
works of Thurston and Waldhausen have been central to
the development of 3-manifold topology and hyperbolic
geometry. The work of Wise followed a totally different
direction, which he developed with exceptional insight
and virtuosity over more than fifteen years, leading to the
spectacular results mentioned above.”
Wise received his PhD from Princeton in 1996, held
postdoctoral positions at Berkeley and Cornell, and joined
the mathematics department at McGill University in 2001,
where he is now James McGill Professor. He was awarded
the Veblen Prize of the AMS, along with Ian Agol, in 2013.
He delivered an invited address at the 2014 International
Congress of Mathematicians in Seoul and was elected a
Fellow of the Royal Society of Canada, also in 2014. He
currently holds the Henri Poincaré Chair (2015–2016)
of the Institut Henri Poincaré and the Clay Mathematics
Institute (CMI).
The prize recognizes exceptional achievement in the
mathematical sciences. It is awarded by the Centre de
Recherches Mathématiques (CRM), the Fields Institute,
and the Pacific Institute for the Mathematical Sciences
(PIMS). The winner is selected by a committee appointed
by the three institutes. The winner receives a monetary
award and an invitation to present a lecture at each
institute within one year after the award is announced.
—Elaine Kehoe
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Solomon Golomb of the University of Southern California has been awarded the Benjamin Franklin Medal in
Electrical Engineering for his
pioneering work that applies
mathematics in space communications and the design
of digital spread spectrum
signals, transmissions that
provide security, interference suppression, and precise location for cryptography; missile guidance; Solomon Golomb
defense, space, and cellular
communications; radar, sonar, and GPS. Golomb received his PhD in mathematics from Harvard University
in 1957 and has been a member of the faculty at USC
since 1963. He was awarded the National Medal of Science in 2012 and is a Fellow of the AMS. He is known for
his work on mathematical games, including Cheskers,
polyominoes, and pentominoes, the latter of which
inspired the game Tetris.
The USC press release provides this anecdote: “When
Golomb first studied mathematics, the discipline was
expected to remain pure without application. However,
on occasion, an engineer would come to Golomb with a
practical problem, and Golomb would have the mathematical tools to provide the solution. Golomb was most
satisfied when his ideas were used. ‘The more usable an
application was, the more satisfied I was,’ he said.”
The Franklin Medals are awarded by the Franklin
Institute to provide public recognition and encouragement of excellence in science and technology.
Photo courtesy of Will Taylor, USC
Viterbi.

Photo courtesy of Steven Wise.

Wise Awarded 2016 CRMFields-PIMS Prize

—Elaine Kehoe

Bedford and Demailly Receive
Bergman Prize
Eric D. Bedford of Stony Brook University and JeanPierre Demailly of Université de Grenoble have been
awarded the 2015 Bergman Prize. Established in 1988, the
prize recognizes mathematical accomplishments in the
areas of research in which Stefan Bergman worked. Bedford and Demailly each receive US$12,231, which is onehalf of the 2015 income from the Stefan Bergman Trust.
of the
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Photo courtesy of Holly Chen.

Citation: Eric D. Bedford
Eric D. Bedford is well known
for his many fundamental contributions to several complex
variables, pluripotential theory, and complex dynamics.
More specifically, he is recognized for his pioneering works
with B. A. Taylor on generalized solutions for the complex
Monge-Ampère equations and
the corresponding theory of Eric D. Bedford
capacity; his works with John E.
Fornaess on the construction of peak functions; his works
with B. Gaveau and W. Klingenberg on the precise description of the holomorphic hull of a Bishop two-sphere; and
his works with J. Smillie et al. on complex dynamics in
several variables. His influence on the whole subject has
been deep and wide ranging.
Biographical Sketch of Bedford
Eric D. Bedford, born in Salt Lake City, Utah, 1947, grew
up in the Washington, DC, suburbs and later earned a BS
degree at the University of Illinois in 1969. This was followed by his PhD in mathematics from the University of
Michigan (1974) under the direction of B. A. Taylor. He
was a Courant Instructor at New York University (1974–
1976) and an assistant professor at Princeton University
(1976–1982). Following this, he was at Indiana University
until retiring in 2012. Currently, he is a visiting professor
at Stony Brook University, New York. He was a recipient
of a Sloan Foundation Fellowship, and he gave an invited
talk at the International Congress of Mathematicians in
Kyoto in 1990. He spent a semester at Kyoto University
in the fall of 2003 and after that has returned regularly to
Kyoto to collaborate with colleagues there. He served on
the editorial board of the Proceedings of the AMS between
1992 and 2006.
Response from Eric D. Bedford
I am quite honored to share the Bergman Prize with JeanPierre Demailly. My work has been an ongoing adventure
into different areas. I have been fortunate to have the
benefit of many collaborators. They have made the work
more enjoyable for me, and I have learned quite a lot from
them. I wish to thank them for the important role they
have played.
Citation: Jean-Pierre Demailly
Jean-Pierre Demailly has long been a dominant figure in
several complex variables and complex geometry. He is
awarded this prize in recognition of his many influential
works, including his many papers on the holomorphic
Morse inequalities and their ramifications, his method
of finding effective bounds for the degree of projective embeddings for algebraic varieties, his work with
M. Pˇ
aun on the numerical characterization
of Kähler
__
cones, and his work on the ∂ problem with singular
weights, with its applications to multiplier ideal sheaves
and his proof with J. Kollár of the semi-continuity of log
canonical thresholds. He is also widely recognized as a
gifted and very influential expositor of the subject.
April 2016

Biographical Sketch of Demailly
Jean-Pierre Demailly was born
on September 25,
1957. He entered
École Normale Supérieure of Paris
in 1975, graduated
in mathematics
in 1976, and defended his PhD thesis under the supervision of Henri Jean-Pierre Demailly discussing
Skoda in 1978. In mathematics with Gérard Besson.
1979, he entered
the Centre National de la Recherche Scientifique (CNRS)
as a research fellow and in January 1983 took his present
position as a professor at Université de Grenoble, Institut
Fourier. His mathematical interests are mainly concerned
with complex analysis and its application to analytic or
algebraic geometry. Beyond mathematics, Jean-Pierre
Demailly also has interests in other domains of science,
such as computer science and nuclear physics, and he has
a long practice of table tennis. In 2007, he was nominated a
member of Académie des Sciences des Paris and served as
editor-in-chief of Comptes Rendus Mathématique between
2010 and 2015.
Response from Jean-Pierre Demailly
It is a great honor for me to receive the Stefan Bergman Prize, and feel it is a wonderful recognition of my
mathematical work. In fact, I believe that one of my most
important scientific contributions is the proof of holomorphic Morse inequalities in 1985, which are intimately
connected to the asymptotics of Bergman kernels; around
1991, and during all the following years, I also realized
that the Ohsawa-Takegoshi L2 extension theorem implies
very general estimates of Bergman kernels, and these lead
to precise approximation theorems for plurisubharmonic
functions and closed positive currents.
About the Prize
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.

Photo courtesy of Fanny Bastien.
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Mathematics People
The previous Bergman Prize winners are:
David W. Catlin (1989)
Steven R. Bell and Ewa Ligocka (1991)
Charles Fefferman (1992)
Yum Tong Siu (1993)
John Erik Fornaess (1994)
Harold P. Boas and Emil J. Straube (1995)
David E. Barrett and Michael Christ (1997)
John P. D’Angelo (1999)
Masatake Kuranishi (2000)
László Lempert and Sidney Webster (2001)
M. Salah Baouendi and Linda Preiss Rothschild (2003)
Joseph J. Kohn (2004)

•
•
•
•
•
•
•
•
•
•
•
•
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•Elias M. Stein (2005)
•Kengo Hirachi (2006)
•Alexander Nagel and Stephen Wainger (2007–2008)
•Ngaiming Mok and Duong H. Phong (2009)
•Gennadi Henkin (2011)
•David Jerison and John M. Lee (2012)
•Xiaojun Huang and Steve Zelditch (2013)
•Sławomir Kołdziej and Takeo Ohsawa (2014).
On the selection committee for the 2015 prize were:
•Xiao Jun Huang
•Rafe Mazzeo
•Duong Phong (Chair).
—Allyn Jackson
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Mathematics Opportunities

Math in Moscow Scholarship
Program
The Math in Moscow program at the Independent University of Moscow (IUM) provides students with a semesterlong, mathematically intensive program of study in the
Russian tradition of teaching mathematics—the emphasis
being on problem solving rather than memorizing theorems. All instruction is in English. With funding from the
National Science Foundation (NSF), the AMS awards five
scholarships each semester to US students. The deadlines
for applications for the scholarship program are April 15,
2016 for the fall 2016 semester and September 15, 2016
for the spring 2017 semester. Information and application forms for Math in Moscow are available on the Web
at www.mccme.ru/mathinmoscow, and application forms
for the AMS scholarships at www.ams.org/programs/
travel-grants/mimoscow.
—AMS Membership and Programs Department

NSF Enriched Doctoral
Training in the Mathematical
Sciences
The Enriched Doctoral Training in the Mathematical Sciences Program of the Division of Mathematical Sciences
of the National Science Foundation supports efforts to enrich research training in the mathematical sciences at the
doctoral level by preparing PhD students to recognize and
find solutions to mathematical challenges arising in other
*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.

April 2016

fields and in areas outside today’s academic setting. The
deadline for proposals is July 13, 2016. See www.nsf.gov/
funding/pgm_summ.jsp?pims_id=505083&org=NSF.
—From a DMS announcement

NSF-CBMS Regional
Conferences 2016
With funding from the National Science Foundation (NSF),
the Conference Board of the Mathematical Sciences (CBMS)
will hold two NSF-CBMS Regional Research Conferences
during the summer of 2016. Each five-day conference
features a distinguished lecturer who delivers ten lectures
on a topic of important current research in one sharply
focused area of the mathematical sciences. Support for
about thirty participants will be provided for each conference.
May 16–20, 2016: Discrete Painlevé Equations. Nalini Joshi, lecturer. Organizers: Baofeng Feng and Andras Balogh. See https://sites.google.com/site/
nsfcbms2016utrgv.
May 31–June 4, 2016: Topological Data Analysis: Topology, Geometry, and Statistics. Sayan Mukherjee, lecturer.
Organizers: Lizhen Lin, Peter Mueller, and Rachel Ward.
See https://stat.utexas.edu/training/cbms-2016.
—From a CBMS announcement

Call for Proposals for
2017 NSF-CBMS Regional
Conferences
The NSF-CBMS Regional Research Conferences in the
Mathematical Sciences are a series of five-day conferences,
each of which features a distinguished lecturer delivering
ten lectures on a topic of important current research in

Mathematics Opportunities
one sharply focused area of the mathematical sciences.
Proposals should address the unique characteristics of
the NSF-CBMS conferences, which can be found at www.
cbmsweb.org/NSF/2017_call.htm. The deadline for full
proposals is April 29, 2016.
—From a CBMS announcement

AWM Gweneth Humphreys
Award
The Association for Women in Mathematics (AWM) awards
the Gweneth Humphreys Award annually to a mathematics teacher who has encouraged female undergraduate
students to pursue mathematical careers and/or the
study of mathematics at the graduate level. The recipient
will receive a cash prize and honorary plaque and will be
featured in an article in the AWM newsletter. The deadline
for nominations is April 30, 2016. See www.awm-math.org
or email awm@awm-math.org.
—From an AWM announcement

2016 Clay Research
Conference and Workshops
The 2016 Clay Research Conference will be held on September 28, 2016, at the Mathematical Institute of the
University of Oxford. Associated workshops will be held
throughout the week of the conference, September 26–30,
2016:
Geometric Representation Theory (Iain Gordon, Kobi
Kremnitzer, and Raphael Rouquier)
Algebraic Geometry: Old and New (Alessio Corti, János
Kollár, Miles Reid, and Nick Shepherd-Barron)
Mean Curvature Flow (Tobias Colding and Bill Minicozzi)
Recent Developments on Elliptic Curves (Manjul Bhargava, Henri Darmon, and Chris Skinner)

•
•
•
•

Registration is free but required. Participation in the
workshops is by invitation; a limited number of additional
places is available. Limited accommodation is available
for PhD students and early career researchers. For more
information email Naomi Kraker at admin@claymath.org
or see www.claymath.org.
—From a CMI announcement
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Ken Ono, Emory University, with Ankan Bhattacharya
JMM 2016 Blog. Adriana Salerno, Evelyn Lamb, and Beth
Malmskog covered sessions at and offered impressions
of the Joint Mathematics Meetings on the JMM 2016 Blog.
Read about the Current Events Bulletin, Mathematically
Bent Theater, the Joint Prize Session, the AWM-AMS
Noether Lecture by Karen Smith, the “origami flash fold”
in the AMS exhibit, the AWM Panel Discussion on “Research Collaboration Conferences for Women: Who, What,
Where, When, Why and How?” and more at blogs.ams.
org/jmm2016/.

OSU Triptych No. 2 by Robert Orndorff

448

National Who Wants to Be a Mathematician. Ankan
Bhattacharya, a junior at International Academy East in
Michigan, won US$10,000 in the 2016 national Who Wants
to Be a Mathematician, astounding the audience in the
finals, answering very quickly and offering wonderful
explanations. Ankan will receive US$5,000 for his win,
and the math department at International Academy East
will receive US$5,000 as well. After the game Simon Singh,
who received the 2016 JPBM Communications Award for
Expository and Popular Books, gave an entertaining and
informative lecture, “Fermat’s Last Theorem vs. The Simpsons,” which was open to the public. See videos, photos,
and descriptions of the game and local media coverage at
www.ams.org/programs/students/wwtbam/jmm2016.

Photo Courtesy of Steve Schneider, JMM.

News from the 2016 Joint Mathematics Meetings (JMM):
2016 Mathematical Art Exhibition Awards. The 2016
Mathematical Art Exhibition Awards were made at JMM “for
aesthetically pleasing works that combine mathematics
and art”. 45 Poppies
by Karl Kattchee
was awarded best
photograph, painting, or print; Sword
Dancing by George
Hart was awarded
45 Poppies by Karl Kattchee
best textile, sculpture, or other medium; and OSU Triptych No. 2 by Robert
Orndorff received
honorable mention.
See the press release for images
and descriptions
of these works
and for information about the
award at www.ams.
org/news?news_
id=2929.
Sword Dancing by George Hart

Photo Courtesy of Robert Orndorff.

Photo Courtesy of George Hart.

Photo Courtesy of Karl Kattchee.
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Inside the AMS
MathJax v2.6. MathJax v2.6 is now available and can be
freely downloaded. New features include (1) Completing
the CommonHTML output, a faster HTML output that can
be generated on both client and server, and (2) Accessibility improvements in the form of an extension to expose
MathJax’s internal MathML to screen readers and making
the MathJax Menu accessible. AMS is pleased to be a managing partner of MathJax. See https://www.mathjax.
org/mathjax-v2-6-now-available/.
—Annette Emerson and Mike Breen
AMS Public Awareness Officers
paoffice@ams.org

AMS Holds Congressional
Briefing

Photo Courtesy of Scavone Photography.

The American Mathematical Society’s annual Congressional Briefing was given on December 9, 2015, by AMS

AMS President Elect Kenneth A. Ribet
President Elect Kenneth Ribet (University of California,
Berkeley). In his briefing, “From right triangles to modern
cryptography,” Ribet recounted his experience studying
the arithmetic of elliptic curves as a graduate student
and then lecturing on elliptic curves in Berkeley’s upperdivision undergraduate course in cryptography.
Professor Ribet explained that a great deal of contemporary cryptography depends on the apparent difficulty
of computing discrete logarithms in the group of nonzero
integers modulo a sufficiently large prime number. To
guard against “index calculus” algorithms for computing
discrete logarithms, the prime number needs to be taken
so large that the calculations needed for everyday cryptography tax the batteries and processing power of small
devices like smartphones.
If one replaces the group of non-zero numbers mod
a prime by the group of points of an elliptic curve over
a finite field, one avoids the index calculus attacks and
therefore may work with smaller numbers than would be
needed otherwise.
Ribet went on to say that the study of elliptic curves
is ongoing and that companies like Microsoft use them
in all sorts of products to provide security. The National
Institute of Standards and Technology (NIST) even has
April 2016

a list of recommended elliptic curves. The AMS holds
annual congressional briefings as a means to communicate
information to policymakers. Speakers discuss the importance of mathematics research and present their work in
layman’s terms to Congressional staff as a way to inform
members of Congress of how mathematics impacts today’s
important issues.
—AMS Washington Office

Classified Advertisements
Positions available, items for sale, services available, and more

TAIWAN
Tenured/Tenure-Track/Postdoctoral
Positions at
the Center for Applied Mathematics
Tianjin University, China
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.
For more information, please visit www.
cam.tju.edu.cn/ or contact Ms. Debbie
Renyuan Zhang at email: zhangry@tju.
edu.cn, telephone: 86-22-2740-5389.
000014

CONSULTANT WANTED
3x + 1 Problem – Consultant Sought
I continue to believe that I have solved
this very difficult problem. However, some
readers have trouble understanding the

proofs of the main Theorem, which asserts that counterexamples to the 3x 
+
1
Conjecture do not exist. I am therefore
seeking help with improving these proofs
so that misunderstandings are reduced. I
will be glad to pay any reasonable consulting fee, plus give generous mention in the
Acknowledgments of the published paper,
but only with the prior written permission
of the consultant. I guarantee complete
confidentiality in all communications.
The paper is “A Solution to the 3x 
+
1
Problem”, on occampress.com.
Peter Schorer, peteschorer@gmail.
com.
000013

PUBLICATIONS FOR SALE
BOOKS AND A JOURNAL
Integral Equations, Wavelets, both
with Student Solutions Manual, Advances in the Gibbs Phenomenon, and a
Journal:Sampling Theory in Signal and
Image Processing. (Visit stsip.org, Amazon and ebay). Contact:jerria12@yahoo.
com.
000012

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 2016 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: May 2016—March 2, 2016; June/July 2016—April 29, 2016; August 2016—May 30, 2016;
September 2016—June 28, 2016; October 2016—July 29, 2015; November 2016—August 29, 2016; December 2016—September 29, 2016.
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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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

Analysis

Overgroups of Root
Groups in Classical
Groups

Group Colorings and
Bernoulli Subflows
Su Gao and Steve Jackson,
University of North Texas, Denton,
TX, and Brandon Seward,
University of Michigan, Ann Arbor,
MI

Michael Aschbacher, Caltech,
Pasadena, CA
Contents: Introduction; 3-transpositions;
The (V , f )-setup; Direct sum
decompositions; Subfield structures;
Modules for alternating groups; Modules
with p = 2; The orthogonal space Fn
2 ; Overgroups of long root
subgroups; Maximal overgroups of long root subgroups; Subgroups
containing long root elements; Overgroups of short root subgroups;
Short root subgroups in symplectic groups of characteristic 2;
Overgroups of subgroups in Rc in III; Overgroups of subgroups in
Rc in III when q > 3; A special case for q = 3 in III; Overgroups of
subgroups in Rc in III when q = 3; A result of Stellmacher; More case III
with q = 3; The proof of Theorem 1; A characterization of alternating
groups; Orthogonal groups with q = 2; The proof of Theorem 2;
Symplectic and unitary groups; Symplectic and unitary groups with q
odd; The proof of Theorem 3; Unitary groups with q even; The proofs
of Theorems A and B; References.
Memoirs of the American Mathematical Society, Volume 241,
Number 1140
April 2016, 184 pages, Softcover, ISBN: 978-1-4704-1845-8, 2010
Mathematics Subject Classification: 20G40; 20D05, Individual member US$57.60, List US$96, Institutional member US$76.80, Order
code MEMO/241/1140

This item will also be of interest to those
working in geometry and topology and
algebra and algebraic geometry.
Contents: Introduction; Preliminaries; Basic constructions of
2-colorings; Marker structures and tilings; Blueprints and
fundamental functions; Basic applications of the fundamental
method; Further study of fundamental functions; The descriptive
complexity of sets of 2-colorings; The complexity of the topological
conjugacy relation; Extending partial functions to 2-colorings; Further
questions; Bibliography; Index.
Memoirs of the American Mathematical Society, Volume 241,
Number 1141
April 2016, 241 pages, Softcover, ISBN: 978-1-4704-1847-2, 2010
Mathematics Subject Classification: 37B10, 20F99; 03E15, 37B05,
20F65, Individual member US$60.60, List US$101, Institutional
member US$80.80, Order code MEMO/241/1141

Generalized Functions,
Volume 1
Properties and Operations
I. M. Gel0fand and G. E. Shilov
The first systematic theory of generalized
functions (also known as distributions)
was created in the early 1950s, although
some aspects were developed much earlier,
most notably in the definition of the Green’s
function in mathematics and in the work of Paul Dirac on quantum
electrodynamics in physics. The six-volume collection, Generalized
Functions, written by I. M. Gel0fand and co-authors and published in

April 2016
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Russian between 1958 and 1966, gives an introduction to generalized
functions and presents various applications to analysis, PDE,
stochastic processes, and representation theory.
Volume 1 is devoted to basics of the theory of generalized functions.
The first chapter contains main definitions and most important
properties of generalized functions as functional on the space of
smooth functions with compact support. The second chapter talks
about the Fourier transform of generalized functions. In Chapter 3,
definitions and properties of some important classes of generalized
functions are discussed; in particular, generalized functions
supported on submanifolds of lower dimension, generalized
functions associated with quadratic forms, and homogeneous
generalized functions are studied in detail. Many simple basic
examples make this book an excellent place for a novice to get
acquainted with the theory of generalized functions. A long appendix
presents basics of generalized functions of complex variables.
Contents: Definition and simplest properties of generalized
functions; Fourier transforms of generalized functions; Particular
types of generalized functions; Summary of fundamental definitions
and equations of volume I; Table of Fourier transforms; Proof of
the completeness of the generalized-function space; Generalized
functions of complex variables; Notes and references to the literature;
Bibliography; Index; Index of particular generalized functions.
AMS Chelsea Publishing, Volume 377
April 2016, 423 pages, Hardcover, ISBN: 978-1-4704-2658-3, LC
2015040021, 2010 Mathematics Subject Classification: 46Fxx, AMS
members US$40, List US$50, Order code CHEL/377.H

Generalized Functions,
Volume 2
Spaces of Fundamental and
Generalized Functions
0

I. M. Gel fand and G. E. Shilov
The first systematic theory of generalized
functions (also known as distributions) was
created in the early 1950s, although some
aspects were developed much earlier, most
notably in the definition of the Green’s function in mathematics and
in the work of Paul Dirac on quantum electrodynamics in physics.
The six-volume collection, Generalized Functions, written by I. M.
Gel0fand and co-authors and published in Russian between 1958 and
1966, gives an introduction to generalized functions and presents
various applications to analysis, PDE, stochastic processes, and
representation theory.
Volume 2 is devoted to detailed study of generalized functions as
linear functionals on appropriate spaces of smooth test functions. In
Chapter 1, the authors introduce and study countable-normed linear
topological spaces, laying out a general theoretical foundation for the
analysis of spaces of generalized functions. The two most important
classes of spaces of test functions are spaces of compactly supported
functions and Schwartz spaces of rapidly decreasing functions. In
Chapters 2 and 3 of the book, the authors transfer many results
presented in Volume 1 to generalized functions corresponding to
these more general spaces. Finally, Chapter 4 is devoted to the
study of the Fourier transform; in particular, it includes appropriate
versions of the Paley–Wiener theorem.
Contents: Linear topological spaces; Fundamental and generalized
functions; Fourier transformations of fundamental and generalized
functions; Spaces of type S; Generalization of spaces of type S; Notes
and references; Bibliography; Index.
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AMS Chelsea Publishing, Volume 378
April 2016, 261 pages, Hardcover, ISBN: 978-1-4704-2659-0, LC
2015040021, 2010 Mathematics Subject Classification: 46Fxx, AMS
members US$40, List US$50, Order code CHEL/378.H

Generalized Functions,
Volume 3
Theory of Differential
Equations
I. M. Gel0fand and G. E. Shilov
The first systematic theory of generalized
functions (also known as distributions) was
created in the early 1950s, although some
aspects were developed much earlier, most
notably in the definition of the Green’s function in mathematics and
in the work of Paul Dirac on quantum electrodynamics in physics.
The six-volume collection, Generalized Functions, written by I. M.
Gel0fand and co-authors and published in Russian between 1958 and
1966, gives an introduction to generalized functions and presents
various applications to analysis, PDE, stochastic processes, and
representation theory.
In Volume 3, applications of generalized functions to the Cauchy
problem for systems of partial differential equations with constant
coefficients are considered. The book includes the study of
uniqueness classes of solutions of the Cauchy problem and the study
of classes of functions where the Cauchy problem is well posed. The
last chapter of this volume presents results related to spectral
decomposition of differential operators related to generalized
eigenfunctions.
Contents: Spaces of type W ; Uniqueness classes for the Cauchy
problem; Correctness classes for the Cauchy problem; Generalized
eigenfunction expansions; Notes and references; Bibliography; Index.
AMS Chelsea Publishing, Volume 379
April 2016, 222 pages, Hardcover, ISBN: 978-1-4704-2661-3, LC
2015040021, 2010 Mathematics Subject Classification: 46Fxx, AMS
members US$40, List US$50, Order code CHEL/379.H

Generalized Functions,
Volume 4
Applications of Harmonic
Analysis
I. M. Gel0fand and N. Ya. Vilenkin
The first systematic theory of generalized
functions (also known as distributions) was
created in the early 1950s, although some
aspects were developed much earlier, most
notably in the definition of the Green’s function in mathematics and
in the work of Paul Dirac on quantum electrodynamics in physics.
The six-volume collection, Generalized Functions, written by I. M.
Gel0fand and co-authors and published in Russian between 1958 and
1966, gives an introduction to generalized functions and presents
various applications to analysis, PDE, stochastic processes, and
representation theory.
The main goal of Volume 4 is to develop the functional analysis setup
for the universe of generalized functions. The main notion introduced
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in this volume is the notion of rigged Hilbert space (also known as the
equipped Hilbert space, or Gelfand triple). Such space is, in fact, a
triple of topological vector spaces E ⊂ H ⊂ E 0 , where H is a Hilbert
space, E 0 is dual to E, and inclusions E ⊂ H and H ⊂ E 0 are nuclear
operators. The book is devoted to various applications of this notion,
such as the theory of positive definite generalized functions, the
theory of generalized stochastic processes, and the study of measures
on linear topological spaces.

April 2016, 449 pages, Hardcover, ISBN: 978-1-4704-2663-7, LC
2015040021, 2010 Mathematics Subject Classification: 22Exx, AMS
members US$40, List US$50, Order code CHEL/381.H

Generalized Functions,
Volume 6
Representation Theory and
Automorphic Functions

Contents: The kernel theorem. Nuclear spaces. Rigged Hilbert space;
Positive and positive-definite generalized functions; Generalized
random processes; Measures in linear topological spaces; Notes and
references to the literature; Bibliography; Subject index.

I. M. Gel0fand, M. I. Graev,
and I. I. Pyatetskii-Shapiro

AMS Chelsea Publishing, Volume 380
April 2016, 384 pages, Hardcover, ISBN: 978-1-4704-2662-0, LC
2015040021, 2010 Mathematics Subject Classification: 46Fxx, AMS
members US$40, List US$50, Order code CHEL/380.H

Generalized Functions,
Volume 5
Integral Geometry and
Representation Theory
0

I. M. Gel fand, M. I. Graev,
and N. Ya. Vilenkin
The first systematic theory of generalized
functions (also known as distributions) was
created in the early 1950s, although some
aspects were developed much earlier, most notably in the definition of
the Green’s function in mathematics and in the work of Paul Dirac
on quantum electrodynamics in physics. The six-volume collection,
Generalized Functions, written by I. M. Gel0fand and co-authors and
published in Russian between 1958 and 1966, gives an introduction to
generalized functions and presents various applications to analysis,
PDE, stochastic processes, and representation theory.
The unifying idea of Volume 5 in the series is the application of the
theory of generalized functions developed in earlier volumes to
problems of integral geometry, to representations of Lie groups,
specifically of the Lorentz group, and to harmonic analysis on
corresponding homogeneous spaces. The book is written with great
clarity and requires little in the way of special previous knowledge of
either group representation theory or integral geometry; it is also
independent of the earlier volumes in the series. The exposition
starts with the definition, properties, and main results related to
the classical Radon transform, passing to integral geometry in
complex space, representations of the group of complex unimodular
matrices of second order, and harmonic analysis on this group and
on most important homogeneous spaces related to this group. The
volume ends with the study of representations of the group of real
unimodular matrices of order two.
Contents: Radon transform of test functions and generalized
functions on a real affine space; Integral transforms in the complex
domain; Representations of the group of complex unimodular
matrices in two dimensions; Harmonic analysis on the group of
complex unimodular matrices in two dimensions; Integral geometry
in a space of constant curvature; Harmonic analysis on spaces
homogeneous with respect to the Lorentz group; Representations of
the group of real unimodular matrices in two dimensions; Notes
and references to the literature; Bibliography; Index; Index of Radon
transforms of particular functions.
AMS Chelsea Publishing, Volume 381

April 2016

The first systematic theory of generalized
functions (also known as distributions) was
created in the early 1950s, although some
aspects were developed much earlier, most notably in the definition of
the Green’s function in mathematics and in the work of Paul Dirac
on quantum electrodynamics in physics. The six-volume collection,
Generalized Functions, written by I. M. Gel0fand and co-authors and
published in Russian between 1958 and 1966, gives an introduction to
generalized functions and presents various applications to analysis,
PDE, stochastic processes, and representation theory.
The unifying theme of Volume 6 is the study of representations of the
general linear group of order two over various fields and rings of
number-theoretic nature, most importantly over local fields (p-adic
fields and fields of power series over finite fields) and over the ring of
adeles. Representation theory of the latter group naturally leads to
the study of automorphic functions and related number-theoretic
problems. The book contains a wealth of information about discrete
subgroups and automorphic representations, and can be used both as
a very good introduction to the subject and as a valuable reference.
Contents: Homogeneous spaces with a discrete stability group;
Representations of the group of unimodular matrices of order 2 with
elements from a locally compact topological field; Representations of
adele groups; Guide to the literature; Bibliography; Index of names;
Subject index.
AMS Chelsea Publishing, Volume 382
April 2016, 426 pages, Hardcover, ISBN: 978-1-4704-2664-4, LC
2015040664, 2010 Mathematics Subject Classification: 22Exx; 11F70,
AMS members US$40, List US$50, Order code CHEL/382.H

Generalized Functions,
Volumes 1–6 (The Set)
I. M. Gel0fand, M. I. Graev,
I. I. Pyatetskii-Shapiro, G. E.
Shilov, and N. Ya. Vilenkin
The first systematic theory of generalized
functions (also known as distributions)
was created in the early 1950s, although
some aspects were developed much earlier,
most notably in the definition of the Green’s
function in mathematics and in the work of Paul Dirac on quantum
electrodynamics in physics. The six-volume collection, Generalized
Functions, written by I. M. Gel0fand and co-authors and published in
Russian between 1958 and 1966, gives an introduction to generalized
functions and presents various applications to analysis, PDE,
stochastic processes, and representation theory.
Each volume in this set is sold separately. For a description of each
volume, see the preceding New Publication entries.
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AMS Chelsea Publishing
Set: April 2016, 2165 pages, Hardcover, ISBN: 978-1-4704-2885-3,
AMS members US$200, List US$250, Order code CHELGELFSET

Nil Bohr-Sets and
Almost Automorphy
of Higher Order
Wen Huang, Song Shao, and
Xiangdong Ye, University of
Science and Technology of China,
Hefei, Anhui, China
Contents: Introduction; Preliminaries;
Nilsystems; Generalized polynomials; Nil
Bohr0 -sets and generalized polynomials: Proof of Theorem B;
Generalized polynomials and recurrence sets: Proof of Theorem C;
Recurrence sets and regionally proximal relation of order d; d-step
almost automorphy and recurrence sets; Appendix A; Bibliography;
Index.
Memoirs of the American Mathematical Society, Volume 241,
Number 1143
April 2016, 86 pages, Softcover, ISBN: 978-1-4704-1872-4, 2010
Mathematics Subject Classification: 37B05, 22E25, 05B10, Individual
member US$47.40, List US$79, Institutional member US$63.20,
Order code MEMO/241/1143

Nonlinear Analysis and
Optimization
Boris S. Mordukhovich, Wayne
State University, Detroit, MI,
Simeon Reich and Alexander J.
Zaslavski, Technion-Israel Institute
of Technology, Haifa, Israel, Editors

with mixed state-control constraints, and excessive revenue models of
competitive markets.
Contents: D. Batenkov and Y. Yomdin, Taylor domination, Turán
lemma, and Poincaré-Perron sequences; I. Bright, On the value
of first order singular optimization problems; C. E. Chidume,
Strong convergence theorems for bounded accretive operators
in uniformly smooth Banach spaces; G. Devillanova, S. Solimini,
and C. Tintarev, On weak convergence in metric spaces; A. Gibali,
B. Jadamba, A. A. Khan, F. Raciti, and B. Winkler, Gradient and
extragradient methods for the elasticity imaging inverse problem
using an equation error formulation: A comparative numerical study;
A. Golberg and R. Salimov, Mappings with upper integral bounds
for p-moduli; V. K. Kalantarov and E. S. Titi, Finite-parameters
feedback control for stabilizing damped nonlinear wave equations;
E. Liflyand, Multiple Fourier transforms and trigonometric series
in line with Hardy’s variation; R. Linker and I. Ioslovich, Optimal
irrigation scheduling for wheat production in the Canadian prairies:
A modelling study; B. S. Mordukhovich and Y. Tian, Implicit
Euler approximation and optimization of one-sided Lipschitzian
differential inclusions; Y. Nesterov and V. Shikhman, Excessive
revenue model of competitive markets; D. A. Schiro and J. S. Pang,
On differential linear-quadratic games with mixed constraints; R. A.
Polyak, Nonlinear input-output equilibrium; S. Reich and X. Wang,
A convex analytic inequality revisited; S. Reich and A. J. Zaslavski,
Asymptotic centers, inexact orbits, and fixed points; G. Wolansky,
A discrete approximation of the entropy functional for probability
measures on the plane; A. J. Zaslavski, Bolza variational problems
with extended-valued integrands on large intervals.
Contemporary Mathematics, Volume 659
March 2016, 320 pages, Softcover, ISBN: 978-1-4704-1736-9, LC
2015037183, 2010 Mathematics Subject Classification: 14-XX, 20-XX,
26-XX, 28-XX, 30-XX, 31-XX, 32-XX, 37-XX, 42-XX, 46-XX, 47-XX, 49-XX,
54-XX, 90-XX, 91-XX, 93-XX, AMS members US$86.40, List US$108,
Order code CONM/659

Differential Equations

This volume contains the proceedings of
the IMU/AMS Special Session on Nonlinear
Analysis and Optimization, held from June 16–19, 2014, at the Second
Joint International Meeting of the Israel Mathematical Union (IMU)
and the American Mathematical Society (AMS), Bar-Ilan and Tel-Aviv
Universities, Israel, and the Workshop on Nonlinear Analysis and
Optimization, held on June 12, 2014, at the Technion-Israel Institute
of Technology.
The papers in this volume cover many different topics in Nonlinear
Analysis and Optimization, including: Taylor domination property for
analytic functions in the complex disk, mappings with upper integral
bounds for p-moduli, multiple Fourier transforms and trigonometric
series in line with Hardy’s variation, finite-parameter feedback control
for stabilizing damped nonlinear wave equations, implicit Euler
approximation and optimization of one-sided Lipschitz differential
inclusions, Bolza variational problems with extended-valued
integrands on large intervals, first order singular variational problem
with nonconvex cost, gradient and extragradient methods for the
elasticity imaging inverse problem, discrete approximations of
the entropy functional for probability measures on the plane,
optimal irrigation scheduling for wheat production, existence of a
fixed point of nonexpansive mappings in uniformly convex Banach
spaces, strong convergence properties of m-accretive bounded
operators, the Reich-Simons convex analytic inequality, nonlinear
input-output equilibrium, differential linear-quadratic Nash games
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A Vector Field Method
on the Distorted Fourier
Side and Decay for
Wave Equations with
Potentials
Roland Donninger, and Joachim
Krieger, École Polytechnique
Fédérale de Lausanne, Switzerland
Contents: Introduction; Weyl-Titchmarsh theory for A; Dispersive
bounds; Energy bounds; Vector field bounds; Higher order vector field
bounds; Local energy decay; Bounds for data in divergence form;
Bibliography.
Memoirs of the American Mathematical Society, Volume 241,
Number 1142
April 2016, 80 pages, Softcover, ISBN: 978-1-4704-1873-1, 2010
Mathematics Subject Classification: 35L05, 35P25, 42B37; 53C44,
Individual member US$43.80, List US$73, Institutional member
US$58.40, Order code MEMO/241/1142
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New Publications Offered by the AMS

Nonlinear Elliptic
Equations of the Second
Order

Papers contained in this volume cover various topics in pure and
applied mathematics ranging from an introductory study of quotients
and homomorphisms of C-systems, also known as contextual
pre-categories, to the most important consequences of the so-called
Fokas method.

Qing Han, University of Notre
Dame, IN

Also covered are multidisciplinary topics such as new structural
and spectral matricial results, acousto-electromagnetic tomography
method, a recent hybrid imaging technique, some numerical
aspects of sonic-boom minimization, PDE eigenvalue problems, von
Neumann entropy in graph theory, the relative entropy method
for hyperbolic systems, conductances on grids, inverse problems
in magnetohydrodynamics, location and size estimation of small
rigid bodies using elastic far-fields, and the space-time fractional
Schrödinger equation, just to cite a few.

Nonlinear elliptic differential equations
are a diverse subject with important
applications to the physical and social
sciences and engineering. They also arise
naturally in geometry. In particular, much of the progress in the area
in the twentieth century was driven by geometric applications, from
the Bernstein problem to the existence of Kähler–Einstein metrics.
This book, designed as a textbook, provides a detailed discussion of
the Dirichlet problems for quasilinear and fully nonlinear elliptic
differential equations of the second order with an emphasis on
mean curvature equations and on Monge–Ampère equations. It
gives a user-friendly introduction to the theory of nonlinear elliptic
equations with special attention given to basic results and the most
important techniques. Rather than presenting the topics in their
full generality, the book aims at providing self-contained, clear, and
“elementary” proofs for results in important special cases. This book
will serve as a valuable resource for graduate students or anyone
interested in this subject.
Contents: Introduction; Linear elliptic equations; Quasilinear
elliptic equations: Quasilinear uniformly elliptic equations; Mean
curvature equations; Minimal surface equations; Fully nonlinear
elliptic equations: Fully nonlinear uniformly elliptic equations;
Monge-Ampère equations; Complex Monge-Ampère equations;
Generalized solutions of Monge-Ampère equations; Bibliography;
Index.
Graduate Studies in Mathematics, Volume 171
April 2016, 368 pages, Hardcover, ISBN: 978-1-4704-2607-1, LC
2015043419, 2010 Mathematics Subject Classification: 35J60, 35J25,
35J93, 35J96, AMS members US$71.20, List US$89, Order code
GSM/171

General Interest

Contents: A. Boumenir, An inverse problem in magnetohydrodynamics; R. Euler, L. H. Gallardo, and O. Rahavandrainy, Combinatorial
properties of circulant Hadamard matrices; A. Bejancu, A new point
of view on higher dimensional Kaluza-Klein theories; F. Al-Musallam,
D. P. Challa, and M. Sini, Location and size estimation of small
rigid bodies using elastic far-fields; L. Gemignani, Zerofinding of
analytic functions by structured matrix methods; G. S. Alberti,
H. Ammari, and K. Ruan, Multi-frequency acousto-electromagnetic
tomography; S. Baqer and L. Boyadjiev, On the space-time fractional
Schrödinger equation with time independent potentials; J. L.
Aurentz, T. Mach, R. Vandebril, and D. S. Watkins, A note on
companion pencils; T. Klimchuk, D. Kovalenko, T. Rybalkina, and
V. V. Sergeichuk, Tame systems of linear and semilinear mappings
and representation-tame biquivers; M. Adm and J. Garloff, Invariance
of total positivity of a matrix under entry-wise perturbation and
completion problems; V. Voevodsky, Subsystems and regular
quotients of C-systems; A. Cegielski, Landweber-type operator and
its properties; C. Araúz, A. Carmona, A. M. Encinas, and M. Mitjana,
Recovering the conductances on grids: A theoretical justification; A. S.
Fokas, The unified transform in two dimensions; W.-F. Ke, H. Kiechle,
G. Pilz, and G. Wendt, Semi-homogeneous maps; C. Conrads,
V. Mehrmann, and A. Mie
˛dlar, Adaptive numerical solution of
eigenvalue problems arising from finite element models. AMLS vs.
AFEM; N. de Beaudrap, V. Giovannetti, S. Severini, and R. Wilson,
Interpreting the von Neumann entropy of graph Laplacians, and
coentropic graphs; D. Serre and A. F. Vasseur, About the relative
entropy method for hyperbolic systems of conservation laws;
C. Grossmann, Smoothing techniques for exact penalty methods;
N. Allahverdi, A. Pozo, and E. Zuazua, Numerical aspects of
sonic-boom minimization.
Contemporary Mathematics, Volume 658

A Panorama of
Mathematics: Pure and
Applied

March 2016, 279 pages, Softcover, ISBN: 978-1-4704-1668-3, LC
2015037686, 2010 Mathematics Subject Classification: 03B15, 03F50,
15A23, 35A22, 35B30, 35Q35, 35R30, 49M25, 65F15, 83E15, AMS
members US$86.40, List US$108, Order code CONM/658

Carlos M. da Fonseca, Kuwait
University, Safat, Kuwait, Dinh Van
Huynh, Ohio University, Athens,
OH, Steve Kirkland, University of
Manitoba, Winnepeg, MB, Canada,
and Vu Kim Tuan, University
of West Georgia, Carrollton, GA,
Editors
This volume contains the proceedings of the Conference on
Mathematics and its Applications–2014, held from November 14–17,
2014, at Kuwait University, Safat, Kuwait.

April 2016

Notices of the AMS

455

New AMS-Distributed Publications

New AMS-Distributed
Publications

2016 Seattle, WA,
Joint Mathematics Meetings
Photo Key for pages 374–375
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General Interest

18
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From the Great Wall to
the Great Collider

23
25

Employment Center
Attendee perusing books at the AMS booth
AWM Panel: Research Collaboration Conferences
for Women: Who, What, Where, When, Why, and How?
Lecture Audience
Band at the AMS Dinner
Mathematical Art Exhibition
The AMS Retiring Presidential Address with Immediate
Past President David A. Vogan, Jr.
Constantine M. Dafermos accepting the Wiener Prize
AMS Booth Giveaway
Former AMS Executive Directors John Ewing (left) and
William Jaco (middle) with current AMS Executive
Director Donald McClure (right)
Thinkwell’s online video learning demo with Ed Burger
Graduate School Fair Banner
AWM M. Gweneth Humphreys Award Winner
Naomi Jochnowitz
JMM Ribbon-Cutting Ceremony
AMS Associate Executive Director
for Meetings and Professional Services T. Christine
Stevens’ MAA Invited Address
MAA President Francis Edward Su
New Notices Editor-in-Chief Frank Morgan Meet and Greet
Undergraduate Poster Sessions
AMS President Robert Bryant presents at the Joint Prize
Ceremony
Winners of the Steele Prize for Exposition John Little,
David Cox, and Donal O’Shea
Jenga! at the AMS Dinner Reception
Fernando Codá Marques and André Neves accepting their
Veblen Prize
The WWTBAM Winner, Ankan Bhattacharya (center), with
(L—R) Simon Singh, AMS President Elect
Kenneth A. Ribet, Ken Ono, and AMS Public Awareness
Officer Mike Breen
MAA Booth
Undergraduate Sessions

China and the Quest to
Uncover the Inner Workings
of the Universe
Steve Nadis, and Shing-Tung Yau,
Harvard University, Cambridge,
MA, Editors
The 2012 discovery of the Higgs boson was a sensational
triumph—the culmination of a 48-year-long search that put the
finishing touches on the so-called Standard Model of particle physics.
While the celebrations were still underway, researchers in China were
making plans to continue the centuries-old quest to identify the
fundamental building blocks of nature. More specifically, they began
laying the groundwork for a giant accelerator—up to 100 kilometers
in circumference—that would transport physics into a previously
inaccessible, high-energy realm where a host of new particles, and
perhaps a sweeping new symmetry, might be found.
The case for such an instrument is compelling: Even though
the Standard Model can describe the behavior of particles with
astounding accuracy, it is incomplete. The theory has little to say
about the Big Bang, gravity, dark matter, dark energy, and other
far-reaching phenomena.
This book explains how an ambitious new machine—on the scale of
China’s proposed “Great Collider”—could provide us with a fuller
understanding of the origins of our universe and its most basic
constituents.
A publication of International Press of Boston, Inc. Distributed
worldwide by the American Mathematical Society.
Contents: Prologue: The next Great Wall; Introduction: A clarion call;
Smashing atoms; Chasing the Higgs; Beyond the Standard Model;
China on center stage; An accelerator for—and of—the world; The
most amazing spinoff of all; Epilogue: What lies beneath; Notes; Index.
International Press of Boston, Inc.
October 2015, 214 pages, Hardcover, ISBN: 978-1-57146-310-4, AMS
members US$23.60, List US$29.50, Order code INPR/98
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Student Mathematical Library
The AMS undergraduate series, the Student Mathematical Library,
includes books that will spark students’ interests in modern mathematics and increase their appreciation for research. Books published
in the series emphasize original topics and approaches. The step
from mathematical coursework to mathematical research is one
of the most important developments in a mathematician’s career.
To make the transition successfully, the student must be motivated
and interested in doing mathematics rather than merely learning it.
These books are suitable for honors courses, upper-division seminars, reading courses, or self-study.

SURV

A User-Friendly Introduction to
Lebesgue Measure and Integration

Mathematics++
TEXTBOOK
TEXTBOOKS
FROM THE AMS

This book provides a bridge between an undergraduate course in Real Analysis and a first graduate-level
course in Measure Theory and Integration.
Student Mathematical Library, Volume 78; 2015; 221
pages; Softcover; ISBN: 978-1-4704-2199-1; List US$49; All individuals US$39.20; Order code STML/78

TEXTBOOK
TEXTBOOKS
FROM THE AMS

Student Mathematical Library, Volume 75; 2015; 343
pages; Softcover; ISBN: 978-1-4704-2261-5; List US$49; All individuals US$39.20; Order
code STML/75

Differential Geometry
Curves — Surfaces — Manifolds, Third
Edition

SURV

Quandles
An Introduction to the Algebra of Knots

This third edition introduces readers to the ideas andULECT
results of differential geometry through many figures,
examples, and problems.

GSMMohamed Elhamdadi, University of South Florida,
Tampa, FL, and Sam Nelson, Claremont McKenna
College, CA

Student Mathematical Library, Volume 77; 2015; 403
pages; Softcover; ISBN: 978-1-4704-2320-9; List US$49; All individuals US$39.20; Order code STML/77

TEXTBOOK

FROM THE AMS

Winding Around

This book provides an accessible introduction to
quandle theory for readers with a background in
linear algebra.
Student Mathematical Library, Volume 74; 2015; 245
pages; Softcover; ISBN: 978-1-4704-2213-4; List US$49; All
individuals US$39.20; Order code STML/74

The Winding Number in Topology,
Geometry, and Analysis
John Roe, Pennsylvania State University, State
College, PA

Republic, Jiří Matoušek, Charles University,
Prague, Czech Republic, and ETH, Zurich,
Switzerland, and Robert Šámal, Charles
University, Prague, Czech Republic

This book is a concise introduction to measure
theory, high-dimensional geometry, Fourier analysis,
representations of groups, multivariate polynomials,
and topology.

Wolfgang Kühnel, University of Stuttgart, Germany

TEXTBOOKS

Selected Topics Beyond the Basic Courses

GSMIda Kantor, Charles University, Prague, Czech

ULECT

Gail S. Nelson, Carleton College, Northfield, MN

SURV

Ramsey Theory on the Integers

The winding number is one of the most basic invariants
in topology. This book is dedicated o its applications.

ULECT
Student Mathematical Library, Volume 76; 2015; 269
pages; Softcover; ISBN: 978-1-4704-2198-4; List US$49; All individuals US$39.20; Order code STML/76

Second Edition

GSMBruce M. Landman, University of West Georgia,
Carrollton, GA, and Aaron Robertson, Colgate
University, Hamilton, NY

A new edition of the first cohesive study of Ramsey
theory on the integers.
Student Mathematical Library, Volume 73; 2014; 384
pages; Softcover; ISBN: 978-0-8218-9867-3; List US$61; All individuals US$48.80; Order code STML/73

bookstore.ams.org
bookstore.ams.org/STML
Order Online:
www.ams.org/bookstore

bookstore.ams.org

Order by Phone:
(800)321-4267 (U.S. & Canada),
(401)455-4000 (Worldwide)

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

Mathematics Calendar
This section contains new announcements of worldwide meetings and conferences of interest to the mathematical public,
including ad hoc, local, or regional meetings, and meetings
and symposia devoted to specialized topics, as well as announcements of regularly scheduled meetings of national or
international mathematical organizations. New announcements only are published in the print Mathematics Calendar
featured in each Notices issue.
An announcement will be published in the Notices if it contains
a call for papers and speciﬁes the place, date, subject (when
applicable), and the speakers. A second announcement will
be published only if there are changes or necessary additional information. Asterisks (*) mark those announcements
containing revised information.
In general, print announcements of meetings and conferences carry only the date, title of meeting, place of meeting,
names of speakers (or sometimes a brief statement on the
program), deadlines for abstracts or contributed papers,
and source of further information. If there is any application deadline with respect to participation in the meeting,
this fact should also be noted.
The complete listing of the Mathematics Calendar is available
at: www.ams.org/meetings/calendar/mathcal
All submissions to the Mathematics Calendar should be done
online via: www.ams.org/cgi-bin/mathcal/mathcalsubmit.pl
Any questions or diﬃculties may be directed to mathcal@ams.
org.

March 2016
18 – 22 CRM Nirenberg Lectures in Geometric Analysis
Location: Centre de Recherches Mathématiques, Université de
Montréal, Pavillon André-Aisenstadt, 2920, Chemin de la tour,
Montréal (Quebec), CANADA
Three lectures to be given by Gunther Uhlmann (University of
Washington): Harry Potter’s Cloak via Transformation Optics,
Journey to the Center of the Earth, and Seeing Through
Space-Time
URL: www.crm.umontreal.ca/Nirenberg2016
April 2016
1 – 3 2016 Redbud Topology Conference
Location: University of Oklahoma, Norman, OK
The Redbud Topology Conference is a regional conference in
topology and related areas, with participants from the University of Arkansas, the University of Oklahoma, Oklahoma
State University, and elsewhere. The theme of the 2016 Redbud Topology Conference will be centered around current
topics in geometric group theory and low-dimensional topology. Invited Speakers: Tarik Aougab (Brown), David Cohen
(U of Chicago), Thomas Koberda (Virginia), Kathryn Mann
(Berkeley), Denis Osin (Vanderbilt), Piotr Przytycki (McGill),
Jenya Sapir (UIUC), and Robert Young (Courant).
URL: www.math.ou.edu/redbud/
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2 – 2 The Fourth Midwest Women in Mathematics Symposium
Location: University of Illinois at Urbana-Champaign, Urbana,
IL
Motivated by the successful WIMS in Southern California, the
University of Illinois at Chicago launched the ﬁrst Midwest
WIMS in 2013. Previous symposia were held at the University
of Notre Dame and Dominican University and they were well
received. The 4th Midwest WIMS intends to recognize and
advocate collective achievements by female mathematicians
in the Midwest, and to stimulate collaborations, networking,
and mentoring relations. The symposium will bring together
female mathematicians in the Midwest at all stages of their
careers.
URL: math.illinois.edu/wims/
2 – 3 Texas Algebraic Geometry Symposium
Location: The University of Texas at Austin
Annual rotating conference between Rice, UT Austin, and
Texas A&M on algebraic geometry, interpreted broadly. Interested participants can apply for funding on the conference
website.
URL: www.ma.utexas.edu/users/hwilliams/TAGS2016/
index.html
8 – 8 Columbia-Princeton Probability Day 2016
Location: Columbia University, New York, NY
Main Speakers: Rick Kenyon (Brown), Joel Lebowitz (Rutgers),
Allan Sly (Berkeley), Peter Winkler (Dartmouth); Junior Speakers: Guillaume Barraquand (Columbia), Hao Shen (Columbia).
Registration is free on the probability day website.
URL: www.math.columbia.edu/department/probability/
cpday16/cpday16.html
11 – 15 Advanced Course on Piecewise Smooth Dynamical Systems
Location: Bellaterra, Barcelona, Spain
This course will give a postgraduate level introduction to
piecewise smooth (or nonsmooth) dynamical systems. We
cover the central concepts and key methods for maps or
ﬂows with discontinuities, from the fundamental theory to
recent advances. The advanced course is part of the Intensive
Research Program being held at the CRM (Intensive Research
Program: Advances in Nonsmooth Dynamics).
URL:
www.crm.cat/en/Activities/Curs_2015-2016/
Pages/ACPSD.aspx
14 – 16 INTERNATIONAL CONFERENCE ON APPLIED MATHEMATICS AND NUMERICAL METHODS (ICAMNM)
Location: Department of Applied Mathematics, University of
Craiova, Romania, Craiova, Romania.
The event is dedicated to the memory of Dr. Romulus
Militaru (1968-2015). Invited speakers: Mihai ANASTASIEI,
Vladimir BALAN, Aurel BEJANCU, Ismail Naci CANGUL, Doina
CIORANESCU, Mircea CRASMAREANU, Jean-Marie CROLET,
Horia ENE, Calin-Ioan GHEORGHIU, Anca Veronica ION,
Marin MARIN, Sorin MICU, Costicǎ MOROSANU, Gheorghe
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MUNTEANU, Bogdan NICOLESCU, Grigory PANASENKO, Mihai POSTOLACHE, Radu PURICE, Vicentiu RADULESCU, Ana
RIBEIRO, Mircea SOFONEA, Claudia TIMOFTE, Sanda TIGOIU,
Victor TIGOIU, Constantin UDRISTE
URL: cis01.central.ucv.ro/ICAMNM/
URL:
www.ucv.ro/departamente_academice/dma/ICAMNM2016/
home.php
15 – 17 Eastern Illinois Integrated Conference in Geometry, Dynamics, and Topology
Location: Eastern Illinois University, Charleston, IL
Integrated conference featuring the involvement of undergraduates, graduate students, and leading faculty researchers.
URL: https://ux1.eiu.edu/~gdt/2016.html
15 – 17 41st Arkansas Spring Lecture Series in the Mathematical
Sciences: Submanifolds in Contact Topology
Location: Fayetteville, Arkansas
This year’s Spring Lecture Series will be headlined by John
Etnyre and with a public lecture by Reviel Netz. The conference
will focus on “Submanifolds in Contact Topology” and recent
results broadening our understanding of contact structures
both in dimension three and higher dimensions. There will
be a graduate workshop on Thursday, April 14th.
URL: comp.uark.edu/~jv002/sls.html
May 2016
7 – 8 77th Midwest PDE Seminar
Location: University of Cincinnati, Cincinnati, Ohio
The Midwest PDE Seminar has run semiannually since 1977,
bringing together researchers to share and discuss the
latest analytical and numerical results on all aspects of
partial diﬀerential equations. All interested researchers are
encouraged to attend, and junior researchers can apply for
travel support.
URL: math.uc.edu/midwest-pde/
9 – 12 Simons Conference on Random Graph Processes
Location: University of Texas, Austin, Texas, USA
This workshop, funded by the Simons Foundation, is the third
in a series of meetings organized at UT Austin on related
topics, alternating yearly in an emphasis on mathematics one
year, and on network applications the next. The 2016 workshop will again be on the mathematics of stochastic processes
and graphs, this time focusing on the studies of processes in,
and on, large graphs. Our aim is to bring together a diverse
set of eminent researchers from various communities in this
broad subject, to give a global picture which will hopefully
lead to interactions and cross-fertilization.
URL: www.ma.utexas.edu/conferences/simons2016/
9 – 13 Cultural Patterns: Multi-scale Data-driven Models - Institute
for Pure and Applied Mathematics (IPAM), UCLA, Los Angeles, CA.
Location: UCLA, Los Angeles, CA
The proliferation of cultural data has given data-driven
approaches a signiﬁcant edge in modeling various cultural
phenomena. This workshop focuses on such approaches
that make use of mathematical tools in machine learning,
data mining, network science, and computational social

April 2016

science. We are particularly interested in presenting methods,
both normative and descriptive, that oﬀer a gestalt or
structure-ﬁrst approach to culture analysis and that provide
a multi-layered summarization of these phenomena suitable
for exploration at multiple scales. These models are applied
to various datasets such as social and information networks,
social media, narrative and story detection in texts, group
dynamics or behavior, and collaboration and competition
leading to emergent behavior. The application deadline for
funding is March 14, 2016.
URL: www.ipam.ucla.edu/programs/workshops/workshopiii-cultural-patterns-multiscale-data-drivenmodels/
9 – 13 Advances in Geometric Representation Theory
Location: University of Michigan, Ann Arbor, MI
This conference will showcase results spanning the current
landscape of geometric representation theory. Some travel
support is available for graduate students and junior researchers. Applications for funding must be submitted by
March 6.
URL: www-personal.umich.edu/~snkitche/Conference/
14 – 15 Graduate Student Conference in Algebra, Geometry, and
Topology
Location: Temple University, Philadelphia, PA
This conference aims to expose graduate students in algebra,
geometry and topology to current research, and provide
them with an opportunity to present and discuss their own
research. It also intends to provide a forum for graduate
students to engage with each other as well as expert faculty
members in their areas of research. Most of the talks at
the conference will be given by graduate students, with four
given by distinguished keynote speakers.
URL: math.temple.edu/events/gscagt/index.html
16 – 20 New Challenges for the Calculus of Variations Stemming
From Problems in the Materials Sciences and Image Processing - In
Honour of the 60th Birthday of Irene Fonseca
Location: Centre de Recherches Mathématiques, Université de
Montréal, Pavillon André-Aisenstadt, 2920, Chemin de la tour,
Montréal (Québec), CANADA
Much work in the contemporary calculus of variations is
directly driven by current problems in materials sciences
and computer vision. In addition, variational approaches to
these problems have proven very fruitful, for example, in
rigorously deriving reduced models that can be readily addressed computationally. Examples include the mathematical
study of shape memory alloys, ferroelectric and magnetic
materials, composites, liquid crystals, thin structures, phase
transitions, epitaxy, and image segmentation, staircasing and
recolorization in computer vision. In all these areas, regularity and convergence results in particular directly impact the
ability to perform reliable computations. This workshop will
bring together both world experts and young researchers,
addressing these problems from diﬀerent directions. It will
also serve to celebrate Irene Fonseca on the occasion of her
60th birthday for her many research accomplishments, the
impact she has had on the careers of many students and
postdocs, and the tireless work she has done to promote
the modern calculus of variations worldwide. A banquet will
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be held in honor of Irene on the Wednesday evening (May
18, 2016). Tickets are $65 and should be purchased via the
online registration form.
URL: www.crm.umontreal.ca/2016/Fonseca16/index_e.
php
16 – 20 NSF/CBMS Regional Research Conference on Discrete
Painlevé Equations
Location: The University of Texas Rio Grande Valley, School of
Mathematical and Statistical Sciences, Edinburg, Texas, USA
Principal Speaker: Professor Nalini Joshi, Georgina Sweet
Australian Laureate Fellow in mathematics, Chair of Applied
Mathematics at the University of Sydney. The conference
speakers will describe the properties of discrete Painlevé
equations and discuss tremendous new research developments in the ﬁeld. The main lectures and the supplemental
lectures plan to address the following major themes: (1)
the basic theory of nonlinear diﬀerence equations; (2) the
connection between discrete integrable systems and continuous integrable systems; (3) the connection of geometry with
discrete Painlevé equations, especially the discrete Painlevé
equation; (4) asymptotic analysis of discrete Painlevé equations; and (5) obtaining special solutions through elementary
methods such as Hirota’s bilinear form and Bäcklund and
other transformations.
URL: sites.google.com/site/nsfcbms2016utrgv/
16 – 20 The p-adic Langlands Program and Related Topics
Location: Indiana University Bloomington
The purpose of the conference is to bring together experts
working in the p-adic Langlands Program and related areas,
and to provide an overview of current research pursued
in ﬁelds like: representations of p-adic reductive groups
in characteristic p, p-adic Banach space representations and
locally analytic representations, p-adic Galois representations
and their deformation spaces, p-adic Hodge Theory, (𝜑, 𝛾)modules, eigenvarieties, and p-adic automorphic forms.
URL: pages.iu.edu/~mstrauch/conference_2016
16 – 20 Workshop: Categoriﬁcation
Location: Mathematical Institute of the University of Bonn,
Bonn, Germany
The aim of this workshop is to bring together researchers
interested in categorical representation theory and their
applications, as well as students or researchers from related
ﬁelds.
URL: www.math.uni-bonn.de/people/dtubben/
categorification2016.html
17 – 20 Geometric Structures related to Hermitian and Almost
Hermitian Manifolds
Location: Leibniz University, Hanover, Germany
The workshop is organized by the DFG funded Research
Training Group 1463 “Analysis, Geometry and String Theory”
jointly with the Institute of Diﬀerential Geometry of Leibniz
University Hanover and its idea is to bring together young
mathematicians and senior experts in the ﬁeld. The program
of the workshop includes research talks and two fourhour mini-courses: Vicente Cortés (University of Hamburg):
“Constructions of Quaternionic Kähler Manifolds” Simon
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Salamon (King’s College London): “Almost Hermitian Metrics
and Twistor Spaces”
URL: www.math-conf.uni-hannover.de/hermitian2016
17 – 20 The 10th International Conference on PROGRESS ON DIFFERENCE EQUATIONS (PODE2016)
Location: Academic Center for Natural Sciences of the University of Latvia, Jelgavas Str. 1, Riga, LATVIA
This conference continues in the line of other PODE conferences: Laufen (Germany) in 2007 and 2008, Bedlewo (Poland)
in 2009, Xanthi (Greece) in 2010, Dublin (Ireland) in 2011,
Richmond (Virginia, USA) in 2012, Bialystok (Poland) in 2013,
Izmir (Turkey) in 2014, Covilhã (Portugal) in 2015. This
conference, held under the auspices of the International
Society for Diﬀerence Equations, aims to be a forum where
researchers can share their work and discuss the latest
developments in the areas of diﬀerence equations, discrete
dynamical systems and their applications.
URL: www.lu.lv/pode2016/
18 – 20 Spectra of graphs and applications (SGA 2016)
Location: Serbian Academy of Sciences and Arts, Belgrade, Serbia
Mathematical institute of the Serbian Academy of Sciences
and Arts is organizing a conference in honor of Professor
Dragos Cvetkovic for his 75th birthday. Invited speakers
are: • Willem Haemers (Tilburg): Spectral characterizations
of graphs • Jack Koolen (Hefei): On graphs with smallest eigenvalue at least -3 • Vilmar Trevisan (Porto Alegre):
Recent developments on Laplacian eigenvalue distribution
• Christoph Helmberg (Chemnitz): A semideﬁnite programming view on spectral properties of graph Laplacians.
Participants may present short contributions of 20 minutes, related to spectral properties of matrices associated
with graphs. A booklet of abstracts will be available at the
conference, while selected papers may be submitted to a
special issue of the journal Publ. Inst. Math., Nouv. Ser. Such
papers will undergo a standard peer review procedure.
URL: www.mi.sanu.ac.rs/conferences/sga2016.htm
29 – June 1 Workshop on Dynamical Systems and Operator Algebras
Location: University of Ottawa, Ottawa, Canada
This 4-day workshop concerns the relationship between
operator algebras and dynamical systems. There is some
travel support available for graduate students and postdocs.
The deadline for application for ﬁnancial support is March
18.
URL: www.fields.utoronto.ca/programs/scientific/
15-16/dynamical/
June 2016
1 – 4 Topology in dimension 3.5: A conference in memory of Tim
Cochran
Location: Rice University Houston, TX
The Rice University Mathematics Department, with support
from the National Science Foundation, is hosting a conference on knot and link concordance, 3- and 4-dimensional
manifolds, and related areas. This conference is dedicated
to the memory of our colleague and friend Tim Cochran,
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who was a leading ﬁgure in low-dimensional topology, particularly knot theory. Limited funding is available. Graduate
students, recent PhDs, and mathematicians in underrepresented groups working in low-dimensional topology are
especially encouraged to apply.
URL: math.rice.edu/NewsEvents/Conferences/
TopologyConference2016/
1 – 9 SEAMS School 2016 ”Mathematical and Numerical Modelling
for Wave Dynamics”
Location: Institut Teknologi Bandung, Bandung, West Java, Indonesia
This SEAMS school will provide the basic knowledge of wave
dynamics. Applications on environmental waves, including
tsunami, will also be discussed. From hands-on tutorials,
participants will get a chance to explore their numerical skill
and get deeper insight of the phenomena. Moreover, the
students will be introduced to the active area of researches
in this ﬁeld.
URL: www.math.itb.ac.id/seams2016/
5 – 10 AU Workshop on Stochastic Geometry, Stereology and their
Applications
Location: Sandbjerg Estate, Sønderborg, Denmark
This interdisciplinary workshop will bring together scientists
from integral geometry, geometric probability, geometric
measure theory, stochastic geometry, stereology, applied
probability, spatial statistics and bioimaging. An important
scope of the workshop is to discuss recent theoretical
advances in stochastic geometry and their potential for
applications.
URL: csgb.dk/activities/2016/stochgeom/
7 – 10 NoLineal 2016 International Conference on nonlinear mathematics and physics
Location: Seville, Spain
Dear Colleague, We are organizing a conference, called “Nolineal 2016”, in Seville, Spain, 7th–10th June 2016. We would
very much like you to attend. For pre-registration, submission of abstracts, and/or inclusion in our mailing list, please
register on our webpage. Conﬁrmed plenary speakers: Leonor
Cruzeiro (Portugal), Mathieu Desroches (France), Jordi GarcíaOjalvo (Spain), Frank Jülicher (Germany), Eduardo Liz (Spain),
Albert J. Sievers (USA), Manuel G. Velarde (Spain), Francisco
R. Villatoro (Spain). Relevant dates: • Pre-registration: before
15th February, 2016. • Reception of Abstracts: before 15th
February 2016. • Notice of Acceptance: before 29th February,
2016. • Early payment and full inscription: from 1st January
to 31th March, 2016. • Late payment and full inscription:
from 1st April to 20th May, 2016. The organizing committee.
URL: congreso.us.es/nolineal16
9 – 11 International Workshop on Information Security, Assurance,
and Trust (I-SAT 2016)
Location: New York Institute of Technology Vancouver, BC,
Canada
The International Workshop on Information Security, Assurance, and Trust (I-SAT2016) Workshop will be held on June 9
to 11, New York Institute of Technology (NYIT) Campus, Vancouver, BC, Canada. The goal of this workshop is to provide
a forum for researchers, scientists and engineers working in
academia and industry to share their experiences, new ideas
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and research results in the areas of information and system
security, assurance, and trust. I-SAT2016 will address novel
research targeting technical aspects of protecting information security and establishing trust in the digital space. New
paradigms and solutions targeting emerging topics in such
ﬁelds will be presented and discussed by researchers and
industrial experts.
URL: i-sat.ca
13 – 14 ECSTATIC 2 - Early Career Stage Topologists AT Imperial
College
Location: Imperial College, London (UK)
ECSTATIC is a two-day conference in all branches of topology,
aimed primarily at young and early career stage researchers
(ie Ph.D. students and postdocs) working in the ﬁeld. All
participants are very encouraged to give a talk, either on the
ﬁeld they are working in or some of their own research.
URL: wwwf.imperial.ac.uk/~th2109/ecstatic/
13 – 16 L-functions and Arithmetic: A conference in honor of the
60th Birthday of Karl Rubin
Location: Harvard University, Cambridge, MA
This conference will bring together a community of researchers to discuss elliptic curves, L-functions, Iwasawa
theory, Euler systems, and related topics, and to celebrate
Karl Rubin’s 60th birthday. The invited speakers are Massimo
Bertolini, Manjul Bhargava, David Burns, Mirela Çiperiani,
John Coates, Henri Darmon, Ralph Greenberg, Haruzo Hida,
Kiran Kedlaya, Jan Nekovár, Bjorn Poonen, Christopher Skinner, Glenn Stevens, Andrew Wiles, Melanie Matchett Wood,
Sarah Zerbes.
URL: www.math.harvard.edu/conferences/rubin16/
14 – 17 6th Croatian Mathematical Congress
Location: Department of Mathematics, Faculty of Science, University of Zagreb, Zagreb, Croatia
Croatian Mathematical Congress is a central mathematical event in Croatia organized every four years. The
scientiﬁc program features plenary and invited talks by
distinguished senior scientists, Croatian Mathematical Society Award Lecture, as well as contributed section talks and
poster presentations. A primary aim of the congress is to
present a broadest possible overview of the activities of the
mathematical community as well as to host panel discussions
on topics of current interest to mathematical community.
URL: web.math.pmf.unizg.hr/congress15/
16 – 17 GROUP THEORY IN FLORENCE: A MEETING IN HONOUR
OF GUIDO ZAPPA
Location: Department of Mathematics and Informatics “U.
Dini”, Universita’ di Firenze, Firenze, Italy
The aim of the conference is to bring together experts
in diﬀerent aspects of group theory. The main themes of
the meeting include representation theory of ﬁnite groups,
permutation groups and inﬁnite group theory. INVITED
SPEAKERS: Gunter Malle (Kaiserslautern), Francesco Matucci
(Campinas), Gabriel Navarro (Valencia), Pablo Spiga (Milano),
Gunnar Traustason (Bath).
URL:
https://groupsinflorencewordpresscom.wordpress.
com/
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17 – 19 Great Lakes Mathematical Physics Meeting 2016
Location: Michigan State University, East Lansing, MI
GLaMP2016 is a mathematical physics meeting with a minicourse for young researchers on Friday, 17 June, by Vojkan
Jaksic, McGill University, on nonequilibrium statistical mechanics. Saturday and Sunday will feature talks by conﬁrmed
speakers: Antonio Auﬃnger (Northwestern), Alexander Elgart
(Virginia Tech), Birgit Kaufmann (Purdue), Kay Kirkpatrick
(Illinois), Jun Yin (Wisconsin), a round-table discussion on
careers, and short talks by young researchers. Some ﬁnancial
support is available. See the web page for details.
URL:
sites.google.com/a/msu.edu/instmathphys/
glamp2016
20 – 24 International Conference on Complex Analysis and Related
Topics - The 14th Romanian-Finnish Seminar
Location: Simion Stoilow Institute of Mathematics of the Romanian Academy, Bucharest, Romania
The meeting is organized by Simion Stoilow Institute of Mathematics of the Romanian Academy, Faculty of Mathematics
and Computer Science of the University of Bucharest, in
cooperation with the Universities of Helsinki and Turku from
Finland. Organizing committee: Honorary chairs: C. Andreian
Cazacu (Bucharest), N. Boboc (Bucharest), I. Laine (Joensuu),
O. Martio (Helsinki), P. T. Mocanu (Cluj-Napoca) Members: L.
Beznea (Bucharest, co-chair), M. Cristea (Bucharest), A. Gheondea (Ankara and Bucharest, co-chair), P. Hasto (Turku), C. Joita
(Bucharest), J. Kinnunen (Helsinki), G. Kohr (Cluj-Napoca), R.
Korhonen (Joensuu), M. Vuorinen (Turku). The program is
divided into sections as follows: 1. Geometric function theory
and classical complex analysis. 2. Quasiconformal mappings,
Teichmüller spaces, metric geometry and related topics in
classical analysis. 3. Potential theory and PDEs, geometric
analysis, complex geometry, functional analytical methods in
complex geometry, functional analytical methods in complex
analysis.
URL: imar.ro/RoFinSem2016/conf.php
21 – 29 2016 Summer School on Fractal Geometry and Complex
Dimensions
Location: Cal Poly, San Luis Obispo, CA, USA
The 2016 Summer School on Fractal Geometry and Complex Dimensions (In celebration of the 60th birthday of
Michel Lapidus) is a 9-day event featuring: mini-courses on
complex dimensions, analysis on fractals, and quasicrystals/noncommutative geometry; plenary lectures by some
of the preeminent mathematicians in fractal geometry and
related ﬁelds; and talks and posters presented by participants. Graduate students, newly minted PhDs, and people
with strong mathematical backgrounds who are interested
in learning about fractal geometry from the experts are encouraged to attend. This event is supported by a conference
grant from the Division of Mathematical Sciences (DMS) of
the National Science Foundation.
URL: www.calpoly.edu/~epearse/Fractals2016/
26 – July 1 School: Abecedarian of SIDE
Location: Pavillon André-Aisenstadt, Université de Montréal,
Montréal, CANADA
SIDE is a summer school for ECRs in the ﬁeld of symmetries
and integrability of diﬀerence equations preceding the international conference in the same ﬁeld: SIDE. The ﬁrst edition
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of the school was held just before SIDE 10 (2012, China). The
breadth of the ﬁeld of discrete integrable systems continually deepens as new research discovers myriad relationships
between it and a spectrum of diﬀerent areas of mathematics.
As such, it takes years to properly appreciate all of the ideas
presented at SIDE meetings. ASIDE acts to fast-track this
development and equip ECR’s with a basic understanding of
the fundamental aspects of the ﬁeld so that it is within their
compass to comprehend the bulk of the presentations at the
following SIDE conference.
URL:
www.crm.umontreal.ca/2016/ASIDE16/index_e.
php
27 – July 2 CNRS-PAN Mathematics Summer Institute, Cracow,
Poland, 27 June - 2 July, 2016
Location: Cracow, Poland
Analysis/Stochastic Analysis Minicourses: - Ari Laptev TBA..........
URL: www.impan.pl/~peszat/
25 – July 6 PIMS Summer School 2016 in Mathematical Finance
Location: University of Alberta, Edmonton, Canada
The summer school has two themes with the following
speakers: 1. Informational and Imperfect Financial Markets
(June 25 to June 29): Marek Rutkowski (University of Sydney), Agnès Sulem (INRIA Paris-Rocquencourt) and Thaleia
Zariphopoulou (University of Texas at Austin). 2. Market
Microstructure and Algorithmic Trading (July 2 to July 6):
Robert Almgren (Quantitative Brokers), Alvaro Cartea (University of Oxford) and Sebastian Jaimungal (University of
Toronto).
URL: www.mathfinance2016.com
July 2016
4 – 8 CIME Course ”Nonlocal and nonlinear diffusions and interactions: new methods and directions”
Location: Hotel San Michele, Loc. Bosco, 8/9 - 87022 Cetraro
(CS), ITALY
Application is open until April 30, 2016. 5 courses of 5 hours
each taught by: J. A. Carrillo (Imperial College London, UK)
Swarming models with repulsive-attractive eﬀects: derivation,
model hierarchies and pattern stability. M. del Pino (Univ. de
Chile, Chile) Bubbling blow-up in critical parabolic problems
A. Figalli (Univ. Texas Austin, USA) Regularity results for
local and nonlocal energy interactions. G. Mingione (Univ. di
Parma, Italy) Recent progresses in nonlinear potential theory.
J. L. Vázquez (Univ. Autonoma de Madrid, Spain) Nonlinear
diﬀusion equations with fractional laplacian operators.
URL: web.math.unifi.it/users/cime/
4 – 9 Conference on Ulam’s Type Stability
Location: Cluj-Napoca, Romania
The conference is organized by Department of Mathematics of Technical University of Cluj-Napoca in cooperation
with Department of Mathematics of Babes-Bolyai University,
Department of Mathematics of Pedagogical University of Cracow, and Faculty of Applied Mathematics of AGH University
of Science and Technology. The participants are invited to
give talks on stability of diﬀerence, diﬀerential, functional
and integral equations; stability of inequalities and other
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mathematical objects; hyperstability and superstability; various (direct, ﬁxed point, invariant mean, etc.) methods for
proving Ulam’s type stability results; generalized (in the
sense of Aoki and Rassias, Bourgin and Gavruta) stability;
stability on restricted domains and in various (metric, Banach, non-Archimedean, fuzzy, quasi-Banach, etc.) spaces,
relations between Ulam’s type stability and ﬁxed point results, and related topics. Moreover, some special invited
plenary lectures are planned.
URL: cuts.up.krakow.pl
4 – 14 2016 CRM Summer School - Spectral theory and applications
Location: Université Laval Quebec City Quebec
The goal of the 2016 CRM Summer School in Quebec City is
to prepare students for research involving spectral theory.
The school will give an overview of a selection of topics
from spectral theory, interpreted in a broad sense. It will
cover topics from pure and applied mathematics, each of
which will be presented in a 5-hour mini-course by a leading
expert. These lectures will be complemented by supervised
computer labs and exercise sessions. At the end of the
school, invited speakers will give specialized talks. This rich
subject intertwines several sub-disciplines of mathematics,
and it will be especially beneﬁcial to students. The subject
is also very timely, as spectral theory is witnessing major
progresses both in its mathematical sub-disciplines and in
its applications to technology and science in general. The
school is intended to advanced undergraduate students. As
such, the prerequisites will be kept at a minimum, and review
material will be provided a few weeks before the event.
The full program including the shorter talks schedule will be
announced later.
URL: www.crm.umontreal.ca/2016/Quebec16/
5 – 8 5th International Conference on Uniform Distribution Theory
Location: Sopron, Hungary
Sopron is a beautiful old town of population about 65000
with a medieval centre. By Japanese travel agents, Sopron is
among the 30 most beautiful towns in Europe. Its medium
size university with six faculties is one of the most signiﬁcant
centres of the higher education in Transdanubia. The city is
located at the foothill of the Alps near the Austrian border
and the Fertő Lake (Neusiedler See in German), and it can be
reached easily by both train (from Vienna or Budapest) and
car. The conference will take place in Sopron Hotel (H-9400
Sopron, Fövényverem utca 7, email: info@hotelsopron.hu).
There will be lectures of length 30 minutes on one of the
subjects listed on the back side of the front cover of the
journal Uniform Distribution Theory but, depending on the
number of participants, parallel sections might be necessary.
The deadline for formal online registration is April 30.
URL: udt2016.inf.unideb.hu/
5 – 9 Conference on Differential Geometry - Honouring Claude Lebrun
Location: UQAM (downtown Montréal) Pavillon Sherbrooke
200, Sherbrooke St West Room: SH-3420 Montréal, Canada
Honouring Claude LeBrun’s mathematical contributions, this
conference aims to foster interaction among various topics of
Diﬀerential Geometry, Geometric Analysis, and Mathematical
Physics, centered around hot areas of current research.
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Speciﬁcally, the conference will explore on the following
subjects: Special structures in geometry and physics; Complex
methods in conformal geometry and twistor theory; Extremal
Kähler metrics. The primary aim of the conference is to gather
together leading experts in the above topics, to discuss
recent advances and new directions of research in these
vibrant areas, and to expose graduate students and young
mathematicians to these exciting developments.
URL: www.crm.umontreal.ca/2016/LeBrunFest16/
5 – 9 New Methods in Finsler Geometry
Location: Department of Mathematics, Leipzig University
Paulinum, Augustusplatz 10, D-04109 Leipzig Germany
ORGANIZERS: Vladimir Matveev (Jena), Hans-Bert Rademacher
(Leipzig). The conference is a Satellite Event of the 7th European Congress of Mathematics, July 18-July 22, Berlin
and is supported by DFG. GOALS: In the last decade a
number of problems in Finsler geometry were solved by
mathematicians, who do not consider Finsler geometry as
their main ﬁeld of expertise. These scientists usually work
in Riemannian geometry, dynamical systems or in metric or
convex geometry. We want to bring together these mathematicians with specialists in Finsler geometry to enable new
collaborations. ADDITIONAL INFORMATION: List of speakers,
instructions how to register and how to suggest a presentation are on our website. There will be no oﬃcial proceeding
of the conference but European Journal of Mathematics
www.springer.com/mathematics/algebra/journal/40879
will have a special issue on Finsler Geometry with submission
deadline in December 2016.
URL: www.math.uni-leipzig.de/Finsler2016/
7 – 9 6th IMS-FIPS (Finance, Insurance, Probability and Statistics)
Workshop
Location: University of Alberta, Edmonton, Canada
The primary purpose of the Sixth IMS-FIPS Workshop is to
bring together a global cast of leading academic experts,
practitioners and junior researchers to share research that
underscores the contributions of probability and statistics
to the development of quantititative models, methods, techniques and technologies in the ﬁelds of ﬁnance and insurance.
The workshop takes place immediately after the PIMS Summer
School 2016 in Mathematical Finance at the same location.
URL: www.mathfinance2016.com
11 – 11 Mathematics and Science Fiction: Visions for the year 211 =
2048
Location: Akademiegebäude am Gendarmenmarkt, LeibnizSaal, Markgrafenstrasse 38, 10117 Berlin, GERMANY
Even today, in 2016, mathematics rules “behind the scenes”:
technologies and strategies with a lot of “Math Inside” inﬂuence everyday life and allow progress - visible in architecture
and in the cinema, often unnoticed in the ﬁnancial and
telecommunications industries, and also in the life sciences
and in transport, logistics and traﬃc. What can mathematics
achieve today, which would have still seemed like science
ﬁction 25 = 32 years ago? What can we expect and hope for
in 25 years = 32 years - and which visions do the experts
have for the year 211 = 2048? Prof. Christof Schütte (ZIB
Berlin): “�Drugs, medicine and mathematics”. Prof. Johannes
Buchmann (TU Darmstadt): “Prime Numbers, quanta and the
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Internet”. Prof. Günter M. Ziegler (FU Berlin/Hector Fellow):
“Our mathematical future”.
URL:
www.hector-fellow-academy.de/en/veranstaltungen/
unterpunkt-1/2016.html
11 – 15 International Conference ”Groups and Rings - Theory and
Applications (GRiTA2016)”
Location: Institute of Mathematics and Informatics at the Bulgarian Academy of Sciences, Soﬁa, Bulgaria
The Conference is a satellite event to the 7th European
Congress of Mathematics and is organized by Institute of
Mathematics and Informatics, Bulgarian Academy of Sciences,
Department of Mechanics and Mathematics, Moscow State
University, Department of Mathematics and Statistics, Memorial University of Newfoundland, Institute of Exact Sciences,
University of Brasilia. The topics include combinatorial and
geometric group theory, combinatorial and computational
ring theory, the theory of PI-algebras, commutative and
noncommutative invariant theory, automorphisms of free
algebras, graded associative, Lie, and Jordan algebras and
superalgebras, scientiﬁc computing, coding theory, cryptography, and statistics. The Conference is dedicated to the 70th
birthday of Yuri Bahturin, University Research Professor and
Director of Atlantic Algebra Centre at Memorial University of
Newfoundland (St. John’s, Canada), and Professor at Moscow
State University (Russian Federation).
URL: www.math.bas.bg/algebra/GRiTA2016/
11 – 15 Workshop on Classical and Quantum Integrable Systems CQIS’16
Location: Euler International Mathematical Institute, St. Petersburg, Russia
Main topics of the conference include: classical and quantum
integrable models; quantum ﬁeld theory, conformal ﬁeld theory, AGT correspondence; quantum groups, cluster algebras,
and other mathematics related to integrable systems.
URL: www.pdmi.ras.ru/EIMI/2016/CQIS/index.html
11 – 17 Foliations 2016 - Pawel Walczak’s 50 years in mathematics
Location: Conference Center of the Mathematical Institute of
the Polish Academy of Sciences, Bedlewo, Poland
The conference is intented to cover all classical and contemporary aspects of the foliation theory with topics inﬂuencing
and inﬂuenced by foliations. These include foliations and
laminations of 3-manifolds, geometric structures (Riemannian, holomorphic, symplectic, contact, confoliations, Engel),
1- and multidimensional dynamics, group actions, holonomy groups and pseudogroups, extrinsic and conformal
geometry of foliated Riemannian manifolds, rigidity, characteristic classes etc. Invited speakers: Julliette Bavard (UPMC),
Jonathan Bowden (LMU), Steven Frankel (Yale), Sebastian
Hurtado (Chicago), Remi Langevin (Dijon), Olga Lukina (UIC),
Kathryn Mann (Berkeley), Hirokazu Maruhashi (Kyoto), Emmanuel Militon (Nice), Andres Navas (Santiago de Chile),
Daniel Peralta (ICMAT Madrid), Joaquin Perez (Granada). The
conference is a satellite of the 7ECM.
URL: foliations2016.math.uni.lodz.pl
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18 – 22 Mathematical Optimisation Down Under (MODU2016)
Location: RMIT University, Melbourne, Australia
The workshop is designed to bring together researchers
working in various areas of modern mathematical optimisation and to prompt an exchange of ideas between Australian
and overseas researchers. The workshop is focussed on the
modern aspects of optimisation that involve deep interplay
between computational problems and pure mathematical
questions. We especially encourage students and early career
researchers to participate in this workshop. Organisers can
be contacted at modu2016@rmit.edu.au.
URL: www.modu2016.org
18 – 29 São Paulo School of Advanced Science on Algorithms, Combinatorics and Optimization
Location: University of São Paulo, São Paulo/SP, Brazil
The São Paulo School of Advanced Science on Algorithms,
Combinatorics, and Optimization (SPSAS-ACO) will host a
series of short courses and talks on advanced research topics, as well as student poster presentations. The school is
aimed at graduate students and young researchers; exceptional undergraduate students may also qualify. The courses
will cover topics in coloring sparse graphs, combinatorial
stochastic search and selection, geometric packing, graph
limits and their applications, harmonic analysis on polytopes, hypergraph containers, the perfect matching polytope
and lattice, recent progresses on approximation algorithms
for the TSP, the regularity method and blow-up lemmas for
sparse graphs, sample complexity and uniform convergence,
and semideﬁnite programming. Local expenses of all participants will be fully covered, and some travel funding will also
be provided to most participants. This school is ﬁnanced by
FAPESP, under the SPSAS program.
URL: sp-school2016.ime.usp.br/
19 – 19 PIMS Marsden Memorial Lecture: Richard Schoen
Location: Banﬀ International Research Station (BIRS), Banﬀ,
Alberta, Canada
Topic: The Constraint Manifold of General Relativity. Abstract:
The global study of the space of solutions of the Einstein
constraint equations goes back to work of Jerry Marsden and
co-workers in the early 1970s. Since that time the subject
has evolved in interesting ways. First it has been possible to
localize the deformation theory in certain cases to deform
solutions inside a chosen region without changing them
outside. A second issue which arises in the deformation
theory is a derivative loss problem which occurs when one
attempts to place a manifold structure on the constraint
space of solutions with a ﬁnite degree of diﬀerentiability. In
this general lecture we will give an overview of these issues
and developments.
URL:
www.pims.math.ca/scientific-event/160719pmmlrs
19 – 22 Distance in Graph 2016
Location: Ubud, Bali, Indonesia
Distance in Graph 2016 (DiGUbud) is a satellite conference of
the Asian Mathematical Conference 2016 which will be held
from 18 to 22 July 2016 in Ubud, Bali. In this conference, we
would like to honor Mirka Miller, who passed away earlier this
year, on 2 January. Mirka had made numerous contributions
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to graph theory and data security and she had established
many deep results connecting to those areas of research.
Joe Ryan (The University of Newcastle, Australia) will deliver
a commemorative talk and Mirka’s academic children will
present their joint works with her in a tribute session. The
plenary speakers in DiGUbud are: Sandi Klavžar (University of
Ljubljana, Slovenia), Jan Kratochvíl (Charles University, Czech
Republic), Camino Balbuena Martinez (Universitat Politècnica
de Catalunya, Spain)
URL: distanceingraph.org/

as other continents to foster links and collaboration among
themselves and with mathematicians from other parts of
the world through the discussion of issues, exchange of
ideas and the presentation of research ﬁndings. The Asian
Mathematical Conference (AMC) 2016 will take place in BALI,
INDONESIA, from Sun-Thu, July 25-29, 2016. It is hosted by
the Indonesian Mathematical Society (IndoMS) and South East
Asian Mathematical Society (SEAMS).
URL: www.amc2016.org/home/
August 2016

19 – 25 Statistical Causal Inference and Applications to Genetics
Location: Centre de Recherches Mathématiques, Université de
Montréal, Pavillon André-Aisenstadt, 2920, Chemin de la tour,
Montréal (Québec) CANADA
We announce an exciting interdisciplinary workshop as part
of a month-long research program on causal inference in genetics. Many of the recent breakthroughs in high-dimensional
statistics have been driven by problems in genetics, especially
by the diﬃculties associated with inference where the number
of covariates (such as SNPs) massively exceeds the number of
individual samples. Signiﬁcant progress towards attacking
such problems has been achieved in recent years through
methods based on regularization, sparsity, and control of
false discovery rates.
URL: www.crm.umontreal.ca/2016/Genetics16/index_
e.php
25 – 29 International Conference ”Patterns of Dynamics” 2016
Location: Free University of Berlin, Takustrasse 9, 14195 Berlin,
Germany
The conference will showcase recent advances in dynamical
systems theory and their interplay with a wide range of
applications in the sciences and engineering. The underlying
mathematical theories can help extract structures from experimental observations (real-world dynamics), and conversely,
shed light on the formation, dynamics, and control of spatiotemporal patterns in applications. The meeting will bring
together speakers who engage with applications, build and
develop mathematical techniques, and use mathematical approaches for prediction and control of complex systems. The
conference will also honor the long-standing contributions
of Bernold Fiedler to these topics. The scientiﬁc program
will consist of 45-minute keynote lectures, 30-minute invited
lectures, 20-minute contributed presentations, and a poster
session.
URL:
conference.imp.fu-berlin.de/patterns-ofdynamics/home
25 – 29 The Asian Mathematical Conference 2016 (AMC 2016)
Location: The Asian Mathematical Conference (AMC) 2016 will
take place in Bali Nusa Dua Convention Center (BNDCC), Indonesia.
The Asian Mathematical Conference (AMC) series is a major
SEAMS conference, held every 4-5 years since 1990, and
hosted by countries in Asia. The ﬁrst AMC was held in Hong
Kong (1990), the second was in Thailand (1995), the third
in the Philippines (2000), the fourth in Singapore (2005),
the ﬁfth was Malaysia (2009), and sixth AMC was in Busan,
Korea (2013). The objective of the conference is to provide
a forum for mathematics researchers from Asia and as well
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1 – 4 22nd Conference on Applications of Computer Algebra
Location: Kassel University, Kassel, Germany
The ACA conference series is devoted to promoting all
manner of computer algebra applications and encouraging
the interaction of developers of computer algebra systems
and packages with researchers and users (including scientists,
engineers, educators, and mathematicians). Topics include,
but are not limited to, computer algebra in the sciences,
engineering, communication, medicine, pure and applied
mathematics, education and computer science. The meeting
will be run in the standard ACA format where individuals are
invited to organize special sessions.
URL: www.mathematik.uni-kassel.de/ACA2016/
1 – 5 AIM Workshop: Positivity of cycles
Location: American Institute of Mathematics, San Jose, CA
This workshop, sponsored by AIM and the NSF, will be
devoted to the theory of positivity of cycles of arbitrary
codimension.
URL: aimath.org/workshops/upcoming/poscycles
1 – 19 Geometry, Topology and Dynamics of Moduli Spaces
Location: Institute for Mathematical Sciences, National University of Singapore, Singapore
Geometry, Topology and Dynamics of Moduli Spaces is a threeweek program to be held at the Institute for Mathematical
Sciences at the National University of Singapore, Singapore,
August 1-19 2016. The ﬁrst week, August 1-5, will be a
Workshop on New Perspectives on Moduli Spaces in Gauge
Theory. The second week, August 8-12, will be for informal
discussions, research collaborations and mini-courses. The
ﬁnal week, August 15-19, will be a Workshop on Moduli
spaces of geometric structures.
URL:
www2.ims.nus.edu.sg/Programs/016wgeo/index.
php
8 – 12 GAP XIV Sheffield ”Graded geometry and applications to
physics”
Location: The University of Sheﬃeld, UK
GAP is a series of conferences and summer schools held
annually in various countries around the world since 2003.
This year, the mini-course speakers are Kirill Mackenzie,
Jonathan Pridham, and Maxim Zabzine. The invited speakers
are Iakovos Androulidakis, Dorothea Bahns, Katarzyna
Grabowska, Frédéric Hélein, *Hovhannes Khudaverdian,
Yvette Kosmann-Schwarzbach, Camille Laurent-Gengoux,
Jae-Suk Park, Fani Petalidou, Travis Schedler, *Arkady
Vaintrob, *Luca Vitagliano, and Theodore Voronov (*to be
conﬁrmed). The organizers are Madeleine Jotz Lean, Mathieu
Stiénon, Yannick Voglaire, and Ping Xu. The deadline for
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support, contributed talk and poster applications is April 15,
2016.
URL: www.geometryandphysics.org/gapxiv/

15 – 19 Workshop on Geometry and Stochastics of Nonlinear, Functional and Graph Data
Location: Green Solution House, Rønne, Bornholm, Denmark
The ﬁeld of nonlinear statistics (NS) seeks to answer the fundamental questions that arise when deﬁning new statistical
models and tools in nonlinear spaces. The ﬁeld spans from
theoretical statistics and geometry to the development of
data analysis tools that are directly applicable to actual data.
A typical application area is bioimaging.
URL: csgb.dk/activities/2016/geometry/

15 – 19 21st International Summer School on Global Analysis and
Applications
Location: Poprad, Slovakia
The 2016 International Summer School on Global Analysis
and Applications consists in two independent schools based
on the following monographs (in preparation) “General Relativity: 100 Years after Hilbert” (S. Capozziello and D. Krupka)
“The Noether Theorems” (G. Sardanashvily), and “Cartan geometries and their symmetries, a Lie algebroid approach” (M.
Crampin, D. J. Saunders). Workshop lectures and commented
poster session are organized. Lectures by S. Capozziello, G.
Sardanashvily, D. J. Saunders
URL: www.lepageri.eu/summer-school

25 – 28 Geometric Function Theory and Applications - GFTA 2016
Location: “1 Decembrie 1918” University of Alba Iulia, Alba
Iulia, Romania
The conference will be focused on Geometric Function Theory
and its Applications. The aim of the symposium is to bring
together leading experts as well as young researchers working
on topics mainly related to Univalent and Geometric Function
Theory and to present their recent work to the mathematical
community. This event will be held on the occasion of the
85th anniversary of Professor Petru T. Mocanu.
URL: gfta2016.uab.ro

29 – September 1 3rd International Intuitionistic Fuzzy Sets and
Contemporary Mathematics Conference
Location: Mersin University, Mersin, Turkey
This international conference will be held at Mersin University. SCIENTIFIC FIELDS OF THE CONFERENCE: Intuitionistic
Fuzzy Sets and Structures, Logic and Applications, Applied
Mathematics, Generalized Nets, Geometry, Controls, Robotics,
Algebra, Analysis, Topology and others.
URL: iifsc.com/
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29 – September 2 AIM Workshop: Moments of Zeta and Correlations of Divisor Sums
Location: American Institute of Mathematics, San Jose, CA
This workshop, sponsored by AIM and the NSF, will focus
on a new method of estimating moments of L-functions in
families, and related arithmetical problems.
URL: aimath.org/workshops/upcoming/zetamoments
September 2016
5 – 9 Contact Structures, Laminations and Foliations
Location: LMU, Munich, Germany
The aim of this workshop is to cover various aspects of
the theory of branched surfaces, laminations and their
geometric applications. There will be two lecture series by
Danny Calegari (Chicago) and Vincent Colin (Nantes) as well
as several other talks on related topics. Some funding is
available for young researchers and PhD students, please
apply before 30th of June.
URL:
www.mathematik.uni-muenchen.de/~bowden/Contact_
Foliations/Contact_Foliations.php
15 – 18 The 24th Conference of the Romanian Society of Applied
and Industrial Mathematics ROMAI
Location: University of Craiova, Craiova, Romania
The sections of the conference are: 1. Real, Complex,
Functional and Numerical Analysis, 2. Partial Diﬀerential
Equations with applications in Mechanics, Biology, etc., 3.
Ordinary Diﬀerential Equations; Dynamical Systems, 4. Probability Theory, Mathematical Statistics, Operation Research, 5.
Algebra, Logic, Geometry (with applications), 6. Mathematical
Modeling, 7. Computer Science 8. Education.
URL: www.romai.ro/conferintele_romai/caim2016_en.
html
19 – 23 AIM Workshop: Soft Packings, Nested Clusters, and Condensed Matter
Location: American Institute of Mathematics, San Jose, CA
This workshop, sponsored by AIM and the NSF, will be devoted to modeling the geometry of condensed matter. The
workshop will focus on “soft packing” and “nested clustering” phenomena in discrete geometric structures and their
applications to understanding the internal atomic structure
of solids and ﬂuids.
URL: aimath.org/workshops/upcoming/softpack
19 – 23 18th International Workshop on Computer Algebra in Scientiﬁc Computing
Location: University of Bucharest, Bucharest, Romania
The ongoing development of computer algebra systems, including their integration and adaptation to modern software
environments, puts them to the forefront in scientiﬁc computing and enables the practical solution of many complex
applied problems in the domains of natural sciences and
engineering. The workshop covers all basic areas of scientiﬁc
computing (see web page for a more detailed list).
URL: www.casc.cs.uni-bonn.de/2016/
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19 – 23 A MATHEMATICAL TRIBUTE TO ENNIO DE GIORGI
Location: Centro di Ricerca Matematica “Ennio De Giorgi”,
Palazzo Puteano, Piazza dei Cavalieri 3, PISA, Italy
On the occasion of the centennial of Ennio De Giorgi’s
departure, the meeting gathers many generations of mathematicians and aims at the presentation of the most recent
advances in the many research ﬁelds marked by De Giorgi’s
contributions. Speakers include: A. Braides, Univ Roma Tor
Vergata; H. Brezis, Rutgers Univ and Technion; G. Buttazzo,
Univ Pisa; X. Cabré, ICREA and UPC Barcelona; L. Caﬀarelli,
UT at Austin; P. D’Ancona, Univ Roma Sapienza; C. De Lellis,
Univ Zürich; E. Di Benedetto, Vanderbilt Univ; A. Figalli, UT
at Austin; W. H. Fleming, Brown Univ; I. Fonseca, Carnegie
Mellon Univ; N. Fusco, Univ Federico II, Napoli; N. Gigli, SISSA,
Trieste; F. Honsell, Univ Udine; D. Kinderlehrer, Carnegie
Mellon Univ; P. Louis Lions, College de France and Ceremade;
G. Mingione, Univ Parma; U. Mosco, Worcester Polytechnic
Inst; L. Nirenberg, Courant Inst; F. Otto, Max Planck Inst; G.
Savaré, Univ Pavia; S. Serfaty, Univ Pierre et Marie Curie; S.
Wenger, Univ Fribourg.
URL: crm.sns.it/event/369/
19 – 24 Non-commutative, Derived and Homotopical Methods in
Geometry
Location: University of Antwerp, Antwerp, Belgium
The aim of the conference is to bring together experts
and graduate students/postdocs working in various modern
approaches to geometry. Example topics would be: derived
algebraic / symplectic geometry, derived minimal model
program, homological projective duality, homological mirror
symmetry, stability conditions, non-commutative motives /
non-commutative (co)homology theories, generalizations of
derived categories / cDG-categories / matrix factorizations,
operads / graph complexes / deformation theory, noncommutative versions of classical varieties (del Pezzo, tori,
K3, ...)
URL: win.uantwerpen.be/ncdhmig/

Montreal, Canada; Technion, Haifa, Israel; Institute for Mechanical Engineering Problems, Kharkov, Ukraine; Institute of
Mechanics, Kiev, Ukraine; The National Committee of Ukraine
on Theor. and Appl. Mechanics. Call for papers: A one-page
abstract is invited. The abstracts have to be sent to the conference web-site. The deadline for the abstract submission
is March 14, 2016. Authors of accepted presentations are
invited to submit 4-6 page extended abstracts by June 5, 2016.
Contact: Engineering Physics Faculty (Prof. Yu. Mikhlin, Prof. L.
Kurpa, Dr. Larin), National Technical University, 21 Kirpichev
str., Kharkov, 61002, Ukraine. Phone: +38-057-7076032;
Fax: +38-057-7076601; Email: NDKhPI2016@gmail.com,
alexeya.larin@gmail.com, muv@kpi.kharkov.
URL: web.kpi.kharkov.ua/nd-khpi/
October 2016
24 – 28 AIM Workshop: Rational Subvarieties in Positive Characteristic
Location: American Institute of Mathematics, San Jose, CA
This workshop, sponsored by AIM and the NSF, will be
devoted to studying rationality and existence of rational
subvarieties in positive characteristic.
URL: aimath.org/workshops/upcoming/ratsubvarpos
December 2016
1 – 2 Workshop on Integrable Systems
Location: University of Sydney, Australia
A short workshop in Integrable Systems, with the goal to
bring together mathematicians working in the area in order
to better foster the exchange of ideas, and to encourage
collaborations among diverse groups within the community.
URL:
wp.maths.usyd.edu.au/igs/workshops/integrablesystems-2016/

20 – 24 International Conference on Differential Equations dedicated to the 110th anniversary of Ya. B. Lopatynsky
Location: Ivan Franko National University, L’viv, Ukraine
The conference continues a series of traditional scientiﬁc
meetings dedicated to outstanding mathematicians which
worked at the Lviv University. In 1999 the conference of this
series was dedicated to the memory of J. P. Schauder who
was born in Lviv in 1899 and lived in this city all his life.
In 2002 the International Conference on Functional Analysis
and Applications was dedicated to the 110th anniversary
of Stefan Banach, professor of Lviv University during 1924
-1945 years. The name of Yaroslav Lopatynsky is well known
all over the world as a great specialist in the theory of PDE.
In his famous work of 1953 he established the condition
of well-posedness of general boundary value problems for
elliptic systems of PDE.
URL: icl110.lviv.ua/index.html

12 – 14 11th IMA International Conference on Mathematics in Signal
Processing
Location: Austin Court, Birmingham, UK
Signal processing constitutes an important area for the
application of mathematical concepts and techniques fuelled,
for example, by developments in mobile communications,
networks, multimedia system, genomics and bioengineering,
neural signal processing, big data processing and internet
of things. The aim of the conference is to bring together
mathematicians, statisticians and engineers with a view
to exploring recent developments and identifying fruitful
avenues for further research. It is hoped that the meeting
will help to attract more mathematicians into this important
and challenging ﬁeld. Invited Speakers: Prof. Mike Davies,
University of Edinburgh; Prof. Sangarapillai Lambotharan,
Loughborough University; Dr. Miguel Rodrigues, University
College London.
URL:
www.ima.org.uk/conferences/conferences_calendar/
11th_maths_in_signal_processing.html

27 – 30 The International Conference “Nonlinear Dynamics-2016”
Location: Kharkov, Ukraine
The Int. Conference “Nonlinear Dynamics-2016”, National
Technical University, Kharkov, Ukraine. Organizers: National
Technical University, Kharkov, Ukraine; McGill University,

14 – 18 The 21st Asian Technology Conference in Mathematics
(ATCM 2016)
Location: Pattaya, Thailand
Conference Theme: “Teaching and Learning Mathematics,
Sciences and Engineering through Technology”. The ATCM
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2016 is an international conference to be held in Pattaya
Thailand that will continue addressing technology-based
issues in all Mathematical Sciences. Thanks to advanced
technological tools such as computer algebra systems (CAS),
interactive and dynamic geometry, and hand-held devices, the
eﬀectiveness of our teaching and learning, and the horizon
of our research in mathematics and its applications continue
to grow rapidly. The aim of this conference is to provide
a forum for educators, researchers, teachers and experts
in exchanging information regarding enhancing technology
to enrich mathematics learning, teaching and research at
all levels. English is the oﬃcial language of the conference.
ATCM averagely attracts 350 participants representing over
30 countries around the world. Be sure to submit your
abstracts or full papers in time at conferencereview.com
URL: atcm.mathandtech.org
19 – 22 Statistical Methods in Finance 2016
Location: Chennai Mathematical Institute (CMI), Chennai, India
The second conference on Statistical methods in ﬁnance
aims to expose the participants to new and active areas
of research in ﬁnancial mathematics and to form working
groups of researchers. The conference will be held jointly by
Chennai Mathematical Institute (CMI) and Indian Statistical
Institute—Chennai Center.
URL: www.cmi.ac.in/~sourish/StatFin2016/
January 2017
3 – 28 Higher Dimensional Algebraic Geometry, Holomorphic Dynamics and Their Interactions
Location: Institute for Mathematical Sciences, National University of Singapore
In recent years we have seen great breakthroughs in the
classiﬁcation theory of higher dimensional compact algebraic
varieties and complex manifolds. The seminal results are the
proofs of ﬁnite generations of canonical rings of algebraic
varieties by Caucher Birkar • Paolo Cascini • Christopher
D. Hacon • James McKernan [BCHM06] using the algebraic
method and Yum-Tong Siu [Siu08] using the analytic method.
These results have profound inﬂuence on many areas of
mathematics—including the study of higher dimensional
dynamics and number theoretical dynamics. The interactions
of algebraic geometry and the study of these dynamics is
exactly the main theme of this program.
URL: www2.ims.nus.edu.sg/Programs/017hidim/index.
php
4 – 7 2017 Joint Mathematics Meetings, Atlanta, GA
Location: Hyatt Regency Atlanta and Marriott Marquis Atlanta
The Mathematical Association of America (MAA) and the
American Mathematical Society (AMS) invite you to join them
for the next Joint Mathematics Meetings (JMM). This will be
the 100th annual winter meeting of MAA and the 123rd
annual meeting of AMS. The JMM will again host sessions
by the Association for Symbolic Logic (ASL), the Association
for Women in Mathematics (AWM), the National Association
for Mathematicians (NAM), and the Society for Industrial and
Applied Mathematics (SIAM).
URL: www.ams.org/meetings/national/national
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9 – 13 AIM Workshop: Stability and moduli spaces
Location: American Institute of Mathematics, San Jose, CA
This workshop, sponsored by AIM and the NSF, will be
devoted to appreciating the role played by 𝐾-stability, KollarShepherd-Barron-Alexeev (KSBA) stability, GIT stability, and
Bridgeland stability in the construction and compactiﬁcation
of moduli spaces in algebraic geometry. The organizing theme
will be to investigate connections between these ﬂavors of
stability, with the goals of incubating new moduli spaces
of curves, surfaces, and higher-dimensional varieties and of
clarifying the birational geometry of familiar ones.
URL: aimath.org/workshops/upcoming/stabmoduli
16 – 19 ACM-SIAM Symposium on Discrete Algorithms (SODA17),
being held with Analytic Algorithmics and Combinatorics (ANALCO17)
and Algorithm Engineering and Experiments (ALENEX17)
Location: Universitat Politècnica de Catalunya, Barcelona,
Spain
The call for papers will be posted at www.siam.org/meetings/
da17/ in May 2016.
URL: www.siam.org/meetings/da17/
17 – 20 III. International Conference of Symmetries, Differential
Equations and Applications (SDEA-III),
Location: Istanbul Technical University, Istanbul, Turkey
This is the third conference in the series. The ﬁrst SDEA-I
was held in Johannesburg, South Africa in 2012 and the
second SDEA-II was held in Islamabad, Pakistan in 2014.
The main aim of this conference is intended to concentrate
on most of the recent advances in the applications of Lie
groups including a wide area of topics in interdisciplinary
studies in theoretical and applied sciences from mathematical
physics to ﬁnancial mathematics. We aim to bring together
academicians who are working on a variety of applications
of Lie groups in SDEA-III. We are sure that SDEA-III will be a
successful conference by providing a productive forum for
academicians and students not only from Mathematics and
Physics but also other branches such as Engineering and
Social Sciences to discuss and share the latest developments
in the theory and applications of Lie symmetry groups and
experience a valuable technical program and a magniﬁcent
city.
URL: www.sdea3.org/en
May 2017
1 – 26 Complex Geometry, Dynamical Systems and Foliation Theory
Location: Institute for Mathematical Sciences, National University of Singapore
This program concerns the recent developments in Complex
Analysis and its Applications. Among a very large choice
of topics, we will focus on those related to Pluripotential
Theory. Beside informal discussions and seminars, we will
organize a week of mini courses (accessible to PhD students,
young researchers and non-experts) and also a one-week
conference.
URL:
www2.ims.nus.edu.sg/Programs/017geo/index.
php
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December 2017

17 – August 18 Genealogies of Interacting Particle Systems
Location: Institute for Mathematical Sciences, National University of Singapore
Interacting particle systems are Markov chains involving
inﬁnitely many mutually interacting components. Apart from
the obvious connection to statistical physics, since the
conception of the ﬁeld in the 1970s, interacting particle
systems such as the well-known voter model and contact
process have also been used to model biological populations.
An alternative way of studying these biologically motivated
systems is to determine the state of individuals living at a
given time by tracing their ancestors, or potential ancestors,
backwards in time. The collection of all (potential) ancestors
with their relationships forms a random network that is called
the genealogy of the interacting particle system. There is a
close connection to real genealogies of biological populations
and questions about the latter, such as what are the eﬀects
of population dynamic and evolutionary mechanisms on
genealogical trees, continue to stimulate the development of
more theoretical topics, such as the theory of random graphs
and their limits, and interacting stochastic systems.
The aim of the proposed program is to bring together both
experts and younger researchers from around the world, who
have worked on or are interested in topics at the intersection
of interacting particle systems, population biology, and
random graphs, which hopefully will lead to new ideas and
new collaborations.
URL:
www2.ims.nus.edu.sg/Programs/017gene/index.
php

11 – 20 Representation Theory of Symmetric Groups and Related
Algebras
Location: Institute for Mathematical Sciences, National University of Singapore
This 10-day workshop is devoted to the representation theory of symmetric groups and related algebras. The workshop
aims to survey the recent development and provide impetus
for further insights and progress. It hopes to bring together researchers working in this area to foster interaction,
collaboration and the exchange of ideas.
URL:
www2.ims.nus.edu.sg/Programs/017wrep/index.
php

August 2017
21 – September 15 Aspects of Computation
Location: Institute for Mathematical Sciences, National University of Singapore
This four-week program on aspects of computation will
focus on recent developments in parametric complexity
theory, computability theory with applications in algebra,
algorithmic randomness, model theory, etc. The program will
focus on the following topics: (i) Parametric Complexity; (ii)
Algorithmic Randomness; (iii) Classic Computability Theory;
and (iv) Computable Structures and Reverse Mathematics.
URL:
www2.ims.nus.edu.sg/Programs/017asp/index.
php
November 2017

January 2018
10 – 13 2018 Joint Mathematics Meetings, San Diego, CA
Location: San Diego Convention Center, San Diego, CA
The American Mathematical Society (AMS) and the Mathematical Association of America (MAA) invite you to join them
for the next Joint Mathematics Meetings (JMM). This will be
the 101th annual winter meeting of MAA and the 124th
annual meeting of AMS. The JMM will again host sessions
by the Association for Symbolic Logic (ASL), the Association
for Women in Mathematics (AWM), the National Association
for Mathematicians (NAM), and the Society for Industrial and
Applied Mathematics (SIAM).
URL: www.ams.org/meetings/national/national
February 2018
5 – 16 Meeting the Statistical Challenges in High Dimensional Data
and Complex Networks
Location: Institute for Mathematical Sciences, National University of Singapore
The program aims at showing the role of modern statistical
methods in complex data and serves to support interactions
among mathematicians, statisticians, engineers and scientists
working in the interface of experiment, computation, analysis
and statistics. Two workshops with a few special lectures
will focus on the development of new statistical methods
in high dimensional data and complex networks with their
interactions in scientiﬁc and social sciences. It seeks to foster
activity and collaboration on all aspects of the eﬀects of the
high dimensional data analysis and social networks.
URL: www2.ims.nus.edu.sg/Programs/018wstat/index.
php

29 – December 1 Women in Topology
Location: Mathematical Sciences Research Institute, Berkeley,
CA
The Women in Topology (WIT) network is an international
group of female mathematicians interested in homotopy
theory whose main goal is to increase the retention of
women in the ﬁeld by providing both unique collaborative
research opportunities and mentorship between colleagues.
The MSRI WIT meeting will be organized as an afternoon of
short talks from participants, followed by two days of open
problem seminars and working groups designed to stimulate
new collaborations, as well as to strengthen those already
ongoing among the participants.
URL: www.msri.org/workshops/797
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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 2016 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 / a b s t r a c t . p l . 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.
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Conferences in Cooperation with the AMS
Indian Mathematics Consortium, December 14–17, 2016,
Danaras Aindu University, Varanasi, India

See www.ams.org/meetings/ for the most up-to-date information on these conferences.
ASSOCIATE SECRETARIES OF THE AMS
Central Section: Georgia Benkart, University of WisconsinMadison, Department of Mathematics, 480 Lincoln Drive,
Madison, WI 53706-1388; e-mail: 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, e-mail: brian@math.uga.edu; telephone: 706542-2547.

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

Western Section: Michel L. Lapidus, Department of Mathematics, University of California, Surge Bldg., Riverside, CA 925210135; e-mail: lapidus@math.ucr.edu; telephone: 951-827-5910.
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Stony Brook, New
York

Dmitry Kleinbock, Brandeis University, Homogeneous
dynamics and intrinsic approximation.
Irena Lasiecka, University of Memphis, Mathematical
theory of PDE-dynamics arising in fluid/flow-structure
interactions.

State University of New York at Stony
Brook

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.

March 19–20, 2016
Saturday – Sunday

Meeting #1118
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: January 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, 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
Simon K. Donaldson, The Simons Center for Geometry
and Physics, Stony Brook, Survey of progress and problems
on G2 
-manifolds.
April 2016

Notices

Analysis, Probability and Mathematical Physics on Fractals, Joe P. Chen and Luke Rogers, University of Connecticut, Robert Strichartz, Cornell University, and Alexander
Teplyaev, University of Connecticut.
Commutative Ring Theory, Alan Loper, Ohio State University, and Nick Werner, State University of New York at
Old Westbury.
Complex Geometric Analysis, Xiuxiong Chen, Stony
Brook University, Weiyong He, University of Oregon, and
Ioana Suvaina, Vanderbilt University.
Evolution of Partial Differential Equations and their
Control, George Avalos, University of Nebraska, and Irena
Lasiecka and Roberto Triggiani, University of Memphis.
G_2 Geometry, Sergey Grigorian, University of Texas,
Rio Grande Valley, Sema Salur, University of Rochester,
and Albert J. Todd, University of South Alabama.
Geometric Measure Theory and Its Applications, Matthew Badger, University of Connecticut, and Christopher
J. Bishop and Raanan Schul, Stony Brook University.
of the

AMS

471

Meetings & Conferences
Graph Vulnerability Parameters and their Role in
Network Analysis, Michael Yatauro, Pennsylvania State
University-Brandywine.
Holomorphic Dynamics, Artem Dudko and Raluca
Tanase, Stony Brook University.
Homogeneous Dynamics and Related Topics, Dmitry
Kleinbock, Brandeis University, and Han Li, Wesleyan
University.
Invariants of Closed Curves on Surfaces, Ara Basmajian,
Hunter College and Graduate Center, City University of
New York, and Moira Chas, Stony Brook University.
Mathematical General Relativity, Lan-Hsuan Huang,
University of Connecticut, Marcus Khuri, Stony Brook
University, and Christina Sormani, Lehman College and
City University of New York Graduate Center.
Mathematicians in Mathematics Education, Lisa Berger,
Stony Brook University, and Melkana Brakalova, Fordham
University.
PDE Methods in Geometric Flows, Mihai Bailesteanu,
Central Connecticut State University, and Andrew Cooper,
North Carolina State University.
Teichmüller Theory and Related Topics, Sudeb Mitra
and Dragomir Saric, Queens College of the City University
of New York and City University of New York Graduate
Center.
Topology and Combinatorics of Arrangements (in honor
of Mike Falk), Daniel C. Cohen, Louisiana State University,
and Alexander I. Suciu, Northeastern University.
Vertex Algebra and Related Algebraic and Geometric
Structures, Katrina Barron, University of Notre Dame,
Antun Milas, State University of New York at Albany, and
Jinwei Yang, University of Notre Dame.

Salt Lake City, Utah
University of Utah
April 9–10, 2016
Saturday – Sunday

Meeting #1119
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: January 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, 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
Daniel Bump, Department of Mathematics, Stanford University, From Whittaker Functions to Quantum Groups.
James McKernan, UCSD, Symmetries of algebraic varieties.
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Stephanie van Willigenburg, University of British Columbia, An introduction to quasisymmetric Schur functions.
Ravi Vakil, Stanford University, Cutting and pasting in
(algebraic) geometry (Erdős Memorial Lecture).

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.
Algebraic Combinatorics, Susanna Fishel, Arizona State
University, Edward Richmond, Oklahoma State University,
and Stephanie van Willigenburg, University of British
Columbia.
Algebraic Geometry (association with the Erdős Lecture
by Ravi Vakil), Ravi Vakil, Stanford University, and Christopher Hacon and Karl Schwede, University of Utah.
Automorphic Forms, Combinatorics and Representation Theory, Anna Puskás, University of Alberta, Daniel
Bump, Stanford University, Paul Gunnells, University of
Massachusetts Amherst, and Solomon Friedberg, Boston
College.
CR Geometry and Partial Differential Equations in Complex Analysis, Yuan Yuan, Syracuse University, and Yuan
Zhang, Indiana University-Purdue University Fort Wayne.
Combinatorial and Computational Commutative Algebra and Algebraic Geometry, Hirotachi Abo, University of
Idaho, Zach Teitler, Boise State University, Jim Wolper,
Idaho State University, and Alex Woo, University of Idaho.
Commutative Algebra, Adam Boocher and Linquan Ma,
University of Utah.
Descriptive Set Theory and its Applications, Christian
Rosendal, University of Illinois at Chicago, and Alexander
Kechris, California Institute of Technology.
Ergodic Theory and Dynamical Systems, Jon Chaika and
Yiannis Konstantoulas, University of Utah.
Extremal Problems in Graph Theory, Andre Kundgen
and Mike Picollelli, California State University San Marcos.
Fusion Categories and Topological Phases of Matter, Paul
Bruillard, Pacific Northwest National Laboratory, and Julia
Plavnik, Texas A&M University.
Infinite Dimensional and Stochastic Dynamical Systems,
Peter W. Bates, Michigan State University, and Kening Lu,
Brigham Young University.
Inverse Problems, Hanna Makaruk, Los Alamos National
Laboratory (LANL), and Robert Owczarek, University of
New Mexico, Albuquerque and UNM, Los Alamos.
Structure and Emergent Properties of Biological Networks, Fred Adler, Katrina Johnson, Anna Miller, and
Laura Strube, University of Utah.
Topics in Probability, Tom Alberts and Arjun Krishnan,
University of Utah.
Topics in Stochastic Partial Differential Equations,
Jingyu Huang and Davar Khosnevisan, University of
Utah.
of the
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Fargo, North Dakota
North Dakota State University
April 16–17, 2016
Saturday – Sunday

Meeting #1120
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: February 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, 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
Rodrigo Bañuelos, Purdue University, Lévy Processes,
Nonlocal Operators, and Spectral/Heat Asymptotics.
Laura Felicia Matusevich, Texas A&M University, Decompositions of Binomial Ideals.
Jeff A. Viaclovsky, University of Wisconsin, Moduli spaces
and gluing.

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.
Algebraic and Geometric Combinatorics, Kevin Dilks
and Jessica Striker, North Dakota State University.
Applications of Microlocal Analysis: Eigenfunctions and
Dispersive PDE, Hans Christianson and Jason Metcalfe,
University of North Carolina.
Combinatorial Ideals and Applications, Laura Matusevich and Christopher O’Neill, Texas A&M University.
Commutative Algebra and Its Interactions with Combinatorics and Algebraic Geometry, Susan Cooper, North
Dakota State University, and Adam Van Tuyl, McMaster
University.
Commutative Ring Theory, Catalin Ciuperca and Sean
Sather-Wagstaff, North Dakota State University.
Contemporary Issues in Mathematics Education, Abraham Ayebo, North Dakota State University.
Convexity and Harmonic Analysis, Maria AlfonsecaCubero, North Dakota State University, and Dmitry Ryabogin, Kent State University.
Discrete Probability, Jonathon Peterson, Purdue University, and Arnab Sen, University of Minnesota.
Dynamics, Inverse Semigroups, and Operator Algebras,
Benton Duncan, North Dakota State University, and David
Pitts, University of Nebraska-Lincoln.
April 2016

Notices

Ergodic Theory and Dynamical Systems, Dogan Comez,
North Dakota State University, and Mrinal Kanti Roychowdhury, University of Texas Rio Grand Valley.
Extremal Graph Theory, Michael Ferrara and Stephen
Hartke, University of Colorado Denver.
Frames, Harmonic Analysis, and Operator Theory,
Gabriel Picioroaga, University of South Dakota, and Eric
Weber, Iowa State University.
Frames, Wavelets and Gabor Systems, Yeonhyang Kim
and Sivaram K. Narayan, Central Michigan University.
Integrable Dynamical Systems and Special Functions,
Oksana Bihun, University of Colorado, Colorado Springs.
Interactions with Algebraic Geometry, Julie Rana and
Kaisa Taipale, University of Minnesota.
Low Dimensional and Symplectic Topology, Anar Akhmedov, University of Minnesota, and Josef G. Dorfmeister,
North Dakota State University.
Mathematical Finance, Indranil SenGupta, North Dakota State University.
Matrix and Operator Theory, Shaun Fallat and Douglas
Farenick, University of Regina.
Probabilistic and Extremal Combinatorics, Jonathan
Cutler, Montclair State University, and Jamie Radcliffe,
University of Nebraska-Lincoln.
Probability and Complex Analysis Inspired by Schramm
and Loewner, Michael Kozdron, University of Regina.
Topological and Smooth Dynamics, Azer Akhmedov
and Michael Cohen, North Dakota State University.

Brunswick, Maine
Bowdoin College
September 24–25, 2016
Saturday – Sunday

Meeting #1121
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: June 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 3

Deadlines
For organizers: Expired
For abstracts: July 19, 2016
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Tim Austin, New York University, Title to be announced.
Moon Duchin, Tufts University, Title to be announced.
Thomas Lam, University of Michigan, 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.
Algebraic and Enumerative Combinatorics (Code: SS
12A), Thomas Lam, University of Michigan.
Autonomous and Non-autonomous Discrete Dynamical
Systems with Applications (Code: SS 2A), M.R.S. Kulenović
and O. Merino, University of Rhode Island.
Combinatorial Aspects of Nilpotent Orbits (Code: SS
18A), Anthony Iarrobino, Northeastern University, Leila
Khatami, Union College, and Julianna Tymoczko, Smith
College.
Combinatorics, at the Crossroads of Algebra, Geometry,
and Topology (Code: SS 11A), Ivan Martino, University of
Fribourg (Switzerland), and Alexander I. Suciu, Northeastern University.
Convex Cocompactness (Code: SS 14A), Tarik Aougab,
Brown University.
Decomposing 3-manifolds (Code: SS 8A), Tao Li, Boston
College, and Scott Taylor, Colby College.
Financial Mathematics (Code: SS 13A), Maxim Bichuch,
Johns Hopkins University, and Stephan Strum and Xuwei
Yang, Worcester Polytechnic Institute.
Geometric Aspects of Harmonic Analysis (Code: SS 6A),
Matthew Badger and Vasileios Chousionis, University of
Connecticut.
Geometric Group Theory (Code: SS 4A), Charles Cunningham, Bowdoin College, Moon Duchin, Tufts University, and Jennifer Taback, Bowdoin College.
Geometry of Nilpotent Groups (Code: SS 5A), Moon
Duchin, Tufts University, Jennifer Taback, Bowdoin College, and Peter Wong, Bates College.
Mathematics and Statistics Applied to Biology and Related Fields (Code: SS 7A), Meredith L. Greer, Bates College.
New Developments in Graphs and Hypergraphs (Code:
SS 16A), Deepak Bal and Jonathan Cutler, Montclair State
University, and Jozef Skokan, London School of Economics.
Noncommutative Ring Theory and Noncommutative Algebra (Code: SS 1A), Jason Gaddis, Wake Forest University,
and Manuel Reyes, Bowdoin College.
Nonlinear Partial Differential Equations in Material
Science and Mathematical Biology (Code: SS 3A), Leonid
Berlyand, Pennsylvania State University, Dmitry Golovaty, University of Akron, and Alex Misiats, New York
University.
Nonlinear Waves in Partial and Lattice Differential Equations (Code: SS 9A), Christopher Chong, Bowdoin College.
Plethysm and Kronecker Products in Representation
Theory (Code: SS 17A), Susanna Fishel, Arizona State
University, and Sheila Sundaram, Pierrepont School.
Topological Phases of Matter and Quantum Computation (Code: SS 15A), Paul Bruillard and Carlos Ortiz, Pacific
Northwest National Laboratory, and Julia Plavnik, Texas
A&M University.
474
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Undergraduate Research (Code: SS 10A), Christopher
Chong and Adam Levy, Bowdoin College.

Denver, Colorado
University of Denver
October 8–9, 2016
Saturday – Sunday

Meeting #1122
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: August 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 3

Deadlines
For organizers: Expired
For abstracts: August 16, 2016
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Henry Cohn, Microsoft Research, New England, Title to
be announced.
Ronny Hadani, University of Texas, Austin, Title to be
announced.
Chelsea Walton, Temple University, Philadelphia, 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.
Above and Beyond Fluid Flow studies: In celebration of
the 60th birthday of Prof. William Layton (Code: SS 12A),
Traian Iliescu, Virginia Polytechnic Institute and State
University, Alexander Labovsky, Michigan Technological
University, Monika Neda, University of Nevada, Las Vegas,
and Leo Rebholz, Clemson University.
Algebraic Logic (Code: SS 1A), Nick Galatos, University
of Denver, and Peter Jipsen, Chapman University.
Analysis on Graphs and Spectral Graph Theory (Code:
SS 2A), Paul Horn and Mei Yin, University of Denver.
Discontinuous Galerkin methods for partial differential
equations: Theory and applications (Code: SS 15A), Mahboub Baccouch, University of Nebraska at Omaha.
Foundations of Numerical Algebraic Geometry (Code: SS
14A), Abraham Martin del Campo, CIMAT, Guanajuato,
Mexico, and Frank Sottile, Texas A&M University.
Integrable Systems and Soliton Equations (Code: SS 17A),
Anton Dzhamay, University of Northern Colorado, and
Patrick Shipman, Colorado State University.
of the
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Nonassociative Algebra (Code: SS 3A), Izabella Stuhl,
University of Debrecen and University of Denver, and Petr
Vojtěchovský, University of Denver.
Noncommutative Geometry and Fundamental Applications (Code: SS 4A), Frederic Latremoliere, University of
Denver.
Nonlinear Wave Equations and Applications (Code: SS
18A), Mark J. Ablowitz, University of Colorado Boulder,
and Barbara Prinari, University of Colorado Colorado
Springs.
Nonlinear and Stochastic Partial Differential Equations
(Code: SS 13A), Michele Coti Zelati, University of Maryland, Nathan Glatt-Holtz, Virginia Polytechnic Institute
and State University, and Geordie Richards, University
of Rochester.
Operator Algebras and Applications (Code: SS 5A), Alvaro Arias, University of Denver.
Quantum Algebra (Code: SS 11A), Chelsea Walton,
Temple University, Ellen Kirkman, Wake Forest University,
and James Zhang, University of Washington, Seattle.
Random matrices, integrable systems, and applications
(Code: SS 16A), Sean D. O’Rourke, University of Colorado
Boulder, and David Renfrew, University of California,
Los Angeles.
Recent Trends in Semigroup Theory (Code: SS 6A), Michael Kinyon, University of Denver, and Ben Steinberg,
City College of New York.
Set Theory of the Continuum (Code: SS 7A), Natasha
Dobrinen and Daniel Hathaway, University of Denver.
Unimodularity in Randomly Generated Graphs (Code:
SS 8A), Florian Sobieczky, University of Denver.
Vertex Algebras and Geometry (Code: SS 9A), Andrew
Linshaw, University of Denver, and Thomas Creutzig and
Nicolas Guay, University of Alberta.
Zero Dimensional Dynamics (Code: SS 10A), Nic Ormes
and Ronnie Pavlov, University of Denver.

Minneapolis,
Minnesota
University of St. Thomas
October 28–30, 2016
Friday – Sunday

Meeting #1123
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: August 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 4

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

Invited Addresses
Thomas Nevins, University of Illinois Urbana-Champaign,
Title to be announced.
Charles Rezk, University of Illinois Urbana-Champaign,
Title to be announced.
Christof Sparber, University of Illinois at Chicago, Title
to be announced.
Samuel Stechmann, University of Wisconsin-Madison, 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.
Chip-Firing and Divisors on Graphs and Complexes
(Code: SS 3A), Caroline Klivans, Brown University, and
Gregg Musiker and Victor Reiner, University of Minnesota.
Combinatorial Representation Theory (Code: SS 5A), Michael Chmutov, University of Minnesota, Tom Halverson,
Macalester College, and Travis Scrimshaw, University of
Minnesota.
Enumerative Combinatorics (Code: SS 4A), Eric Egge,
Carleton College, and Joel Brewster Lewis, University of
Minnesota.
Geometric Flows, Integrable Systems and Moving Frames
(Code: SS 2A), Joseph Benson, St. Olaf College, Gloria
Mari-Beffa, University of Wisconsin-Madison, Peter Olver,
University of Minnesota, and Rob Thompson, Carleton
College.
Integrable Systems and Related Areas (Code: SS 8A),
Sam Nevens, University of Notre Dame, Luen-Chau Li,
University of Minnesota, and Zhaohu Nie, Utah State
University.
Modeling and Predicting the Atmosphere, Oceans, and
Climate (Code: SS 1A), Sam Stechmann, University of
Wisconsin-Madison.
New Developments in the Analysis of Nonlocal Operators
(Code: SS 6A), Donatella Danielli and Arshak Petrosyan,
Purdue University, and Camelia Pop, University of Minnesota.
Representation Theory, Automorphic Forms and Related
Topics (Code: SS 7A), Kwangho Choiy, Southern Illinois
University, Dihua Jiang, University of Minnesota, and
Shuichiro Takeda, University of Missouri.

Deadlines
For organizers: March 29, 2016
For abstracts: August 30, 2016
April 2016
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Raleigh, North
Carolina
North Carolina State University at Raleigh
November 12–13, 2016
Saturday – Sunday

Meeting #1124
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: September 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 4

of Colorado at Boulder, and Xavier Alexius Udo-Utun,
University of Uyo, Uyo, Nigeria.
Representations of Lie Algebras, Quantum Groups and
Related Topics (Code: SS 8A), Naihuan Jing, and Kailash
C. Misra, North Carolina State University.
Varieties, Their Fibrations and Automorphisms in
Mathematical Physics and Arithmetic Geometry (Code: SS
4A), Jimmy Dillies and Enka Lakuriqi, Georgia Southern
University, and Tony Shaska, Oakland University.

Atlanta, Georgia
Hyatt Regency Atlanta and Marriott
Atlanta Marquis
January 4–7, 2017

Deadlines
For organizers: April 12, 2016
For abstracts: September 13, 2016

Wednesday – Saturday

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

Joint Mathematics Meetings, including the 123rd Annual
Meeting of the AMS, 100th Annual Meeting of the Mathematical Association of America, 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, with
sessions contributed by the Society for Industrial and Applied Mathematics (SIAM).
Associate secretary: Brian D. Boe
Announcement issue of Notices: October 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 38, Issue 1

Meeting #1125

Invited Addresses
Ricardo Cortez, Tulane University, Title to be announced.
Jason Metcalfe, University of North Carolina at Chapel
Hill, Title to be announced.
Agnes Szanto, North Carolina State 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.
Advances in Numerical Methods for Partial Differential
Equations (Code: SS 7A), Andreas Aristotelous, West
Chester University, and Thomas Lewis, The University of
North Carolina at Greensboro.
Algebraic Structures Motivated by and Applied to Knot
Theory (Code: SS 6A), Jozef H. Przytycki, The George
Washington University, and Radmila Sazdanovic, North
Carolina State University.
Difference Equations and Applications (Code: SS 2A),
Michael A. Radin, Rochester Institute of Technology, and
Youssef Raffoul, University of Dayton.
Homological Methods in Commutative Algebra (Code:
SS 1A), Alina Iacob and Saeed Nasseh, Georgia Southern
University.
Mathematical String Theory (Code: SS 3A), Paul Aspinwall, Duke University, Ilarion Melnikov, James Madison
University, and Eric Sharpe, Virginia Tech.
Metric and Topological Oriented Fixed Point Theorems
(Code: SS 5A), Clement Boateng Ampadu, Boston, MA,
Sartaj Ali, National College of Business Administration
and Economics, Lahore, Pakistan, Xiaorong Liu, University
476
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Deadlines
For organizers: April 1, 2016
For abstracts: To be announced

Charleston, South
Carolina
College of Charleston
March 10–12, 2017
Friday – Sunday

Meeting #1126
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: November 10, 2016
For abstracts: To be announced
of the
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sectional.html.

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 1A), Bethany Kubik,
University of Minnesota Duluth, Saeed Nasseh, Georgia
Southern University, and Sean Sather-Wagstaff, Clemson
University.

Bloomington, Indiana
Indiana University
April 1–2, 2017
Saturday – Sunday

Meeting #1127
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

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

abstract submission form found at www.ams.org/cgibin/abstracts/abstract.pl.
Fixed Point Methods in Differential and Integral Equations (Code: SS 1A), Theodore A. Burton, Southern Illinois
University in Carbondale.

New York, New York
Hunter College, City University of
New York
May 6–7, 2017
Saturday – Sunday

Meeting #1129
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: September 14, 2016
For abstracts: March 21, 2017
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Special Sessions

Pullman, Washington
Washington State University
April 22–23, 2017
Saturday – Sunday

Meeting #1128
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

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

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 1A), Laura Ghezzi,
New York City College of Technology-CUNY, and Jooyoun
Hong, Southern Connecticut State University.
Recent Advances in Function Spaces, Operators and
Nonlinear Differential Operators (Code: SS 2A), David
Cruz-Uribe, University of Alabama, Jan Lang, The Ohio
State University, and Osvaldo Mendez, University of Texas
at El Paso.

Montréal, Quebec
Canada
McGill University

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

July 24–28, 2017

Special Sessions

Meeting #1130

If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the

The second Mathematical Congress of the Americas (MCA
2017) is being hosted by the Canadian Mathematical

April 2016
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Society (CMS) in collaboration with the Pacific Institute
for the Mathematical Sciences (PIMS), the Fields Institute
(FIELDS), Le Centre de Recherches Mathématiques (CRM),
and the Atlantic Association for Research in the Mathematical Sciences (AARMS).
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Commutative Algebra: Interactions with Algebraic
Geometry and Algebraic Topology (Code: SS 1A), Joseph
Brennan, University of Central Florida, and Alina Iacob
and Saeed Nasseh, Georgia Southern University.

Riverside, California
University of California, Riverside

Deadlines

November 4–5, 2017

For organizers: July 31, 2016
For abstracts: To be announced

Saturday – Sunday
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Buffalo, New York
State University of New York at Buffalo
September 16–17, 2017
Saturday – Sunday
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines

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

San Diego, California
San Diego Convention Center and
San Diego Marriott Hotel and Marina
January 10–13, 2018

For organizers: February 14, 2017
For abstracts: To be announced

Orlando, Florida
University of Central Florida, Orlando
September 23–24, 2017
Saturday – Sunday

Meeting #1209
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines

Wednesday – Saturday
Joint Mathematics Meetings, including the 124th Annual
Meeting of the AMS, 101st 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: Georgia Benkart
Announcement issue of Notices: October 2017
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: April 1, 2017
For abstracts: To be announced

For organizers: February 23, 2017
For abstracts: July 25, 2017

Portland, Oregon

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

Portland State University

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.
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April 14–15, 2018
Saturday – Sunday
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced
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Washington, District
of Columbia

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

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

Walter E. Washington Convention Center
January 6–9, 2021
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
Issue of Abstracts: To be announced

Deadlines
For organizers: April 1, 2020
For abstracts: To be announced

Deadlines
For organizers: April 2, 2018
For abstracts: To be announced

Denver, Colorado
Colorado Convention Center
January 15–18, 2020
Wednesday – Saturday
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: To be announced
Program first available on AMS website: November 1, 2019
Issue of Abstracts: To be announced

Deadlines
For organizers: April 1, 2019
For abstracts: To be announced
April 2016
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THE BACK PAGE
The January Contest Winner Is...

What's the Caption?

Robert Haas, who receives
our book award.

Artwork by Sam White.

Artwork courtesy of Matt Plumb.

The April 2016 Caption Contest:

“It needs a couple more details before
I can put it on the arXiv, but I wanted to
post it somewhere.”

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

Favorite Twitter Comedy:

“My April Fools' hoax...
included a map that required
five colors, a computer proof
that Pawn to King's Rook
four is a certain chess win
for white, the finding of a
sketch by Leonardo da Vinci
proving he has invented
the flush toilet, a psychic
motor that rotated when
a head was held near it...
Many readers...thanked me
for alerting them to such important discoveries but
chided me for being totally mistaken about one of
them.”

Submitted by Shawn Rafalski.

Bad Predictions Department, 1959:
”Before man reaches the moon, your mail
will be delivered within hours from New York
to Australia by guided missiles.“

—Undiluted Hocus-Pocus: The Autobiography
of Martin Gardner

—Arthur Summerfield,
US Postmaster General.

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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A M E R I C A N M AT H E M AT I C A L S O C I E T Y

Director of the Washington Office
The American Mathematical Society (AMS) invites applications for the position
of Director of the Washington Office.
The Washington Office is one of seven divisions of the AMS. It works to
connect the mathematics community with Washington decision makers who
impact science and education funding. The Director has high visibility and a
profound effect on the way in which the AMS serves the broad mathematical
community.
Responsibilities of the Director focus on government relations and programs
and include:
• serving as liaison with federal agencies, legislative members and their staffs,
and other professional groups regarding activities related to the mathematical
sciences
• providing advice to the AMS leadership on issues and strategies related to
federal science and education policy and funding
• overseeing AMS projects and programs related to the activities of the
Washington Office (e.g., recruitment of AMS Congressional Fellow and
representation of the AMS on various public policy coalitions)
Applications (including a
curriculum vitae, a letter explaining
interest in the
position and relevant experience,
and the names and contact
information for at least three
references) should be sent to:
Human Resources
American Mathematical Society
201 Charles Street
Providence, RI 02904-2294 USA
resumes@ams.org
telephone: 401-455-4157
fax: 401-455-4006
Confidential inquiries may be sent
directly to
Executive Director
Donald E. McClure
exdir@ams.org
Review of applications
will begin on March 28, 2016
and will continue until
the position is filled.
The American Mathematical
Society is an Affirmative Action/
Equal Opportunity Employer

• communicating with the AMS members and disseminating information
related to the mathematical sciences and federal science and education policy
For further information regarding specific activities of the Washington Office,
please see www.ams.org/government.
The Director reports to the Executive Director of the Society. In carrying out
the responsibilities of the position, the Director works with the AMS Board
of Trustees, Council, committees, and staff; government agencies; Congress;
corporations; foundations; other professional and scientific organizations; and
mathematicians from throughout the world.
The Society is seeking a candidate who is aware of the concerns of the
mathematical sciences research community and understands the need for
involvement of mathematicians in federal science and education policy
decisions. Such a candidate should have an earned Ph.D. in one of the
mathematical sciences, the ability to work effectively with mathematicians
and non-mathematicians, an understanding of national issues and activities
that impact mathematics and the mathematics profession, the ability to
communicate effectively with a wide audience that includes government
policymakers, mathematicians, and the general public.
Nominations of outstanding candidates are encouraged.
This is a full-time position at the AMS office in Washington, DC. The initial
appointment will be for three to five years, with possible renewal, and will
commence in late 2016. The starting
date and length of term are negotiable.
Applications are welcome from individuals
taking leaves of absence from another
position. Salary is negotiable and will be
commensurate with experience.

American Mathematical Society
Distribution Center
35 Monticello Place,
Pawtucket, RI 02861 USA
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The Future of Prediction

Mathematics Awareness Month 2016 will explore how mathematics and statistics
are the future of prediction, providing insights and driving innovation. We offer
the following selection of titles from the AMS, relating to this year’s theme.

Chaotic Elections! A Mathematician
Looks at Voting
Donald G. Saari, University of California, Irvine, CA

Take a look at this interesting book. It will cause you to
reexamine ranking and voting methods that you may
have come to rely on.
—Math Horizons
Mathematics can help to identify and characterize a disturbingly large
number of paradoxical situations that result from the choice of a voting
procedure. Moreover, rather than being able to dismiss them as anomalies, the likelihood of a dubious election result is surprisingly large.
These consequences indicate that election outcomes can differ from
what the voters really wanted.
2001; 159 pages; Softcover; ISBN: 978-0-8218-2847-2; List US$28; AMS members US$22.40; Order code ELECT

2001

What’s Happening in the
Mathematical Sciences,
Volume 10
Dana Mackenzie and Barry Cipra
This is an important collection of articles
highlighting some of the most recent developments in mathematics. These include
important achievements in pure and
applied mathematics. It includes articles on
Origami, Climate Change, Sports Analytics,
and more.
What’s Happening in the
Mathematical Sciences, Volume 10; 2015;
111 pages; Softcover; ISBN: 978-1-4704-2204-2;
List US$25; AMS members US$20; Order code
HAPPENING/10

2005

2015

The Mathematics of Voting and Elections: A Hands-On Approach
Jonathan K. Hodge, Grand Valley State University, Allendale, MI, and Richard E. Klima,
Appalachian State University, Boone, NC

Every instructor teaching this subject should consider this as the textbook, and should have this
book regardless of what textbook chosen.
—MAA Reviews
Have you ever wondered ... why elections often produce results that seem to be displeasing to many
of the voters involved? Would you be surprised to learn that a perfectly fair election can produce an
outcome that literally nobody likes? This book will help you discover answers to these and many other
questions.
Mathematical World, Volume 22; 2005; 226 pages; Softcover; ISBN: 978-0-8218-3798-6; List US$41; AMS
members US$32.80; Order code MAWRLD/22

Or Order by Phone:
(800)321-4267 (U.S. & Canada),
(401)455-4000 (Worldwide)

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

