Isochron Portrait

Figure 1. Above: Black
lines show isochrons for a
dynamical system with a
stable periodic orbit (shown
as a gray closed curve).
Right: Isostables  for a
system with a stable fixed
point (shown as a gray
dot). Trajectories with dif-
ferent initial conditions on
the same isochron/isostable
are shown as dashed red
lines, with white dots show-
ing the solutions at particu-
lar times. Adapted from [7].

5 0.3

' Newsjournal of the Society for Industrial and Applied Mathematics

aldlil NEllS

6
In the article on page
5 3 Jeff Moehlis and
Dan Wilson describe
, how optimal control

theory can be applied
to classical phase and
3 Jsostable reduction
to find novel poten-
> tial treatments for
conditions such as
Parkinson’s disease
and cardiac arrhyth-
mias.
50

Isostable Portrait

|

0.2 0.4 0.6 0.8 1

v

sinews.siam.org

Volume 48/ Number 9
November 2015

Mathematical Aspects of Self-

Organized Dynamics:
Consensus, Emergence of Leaders, and Social Hydrodynamics

By Eitan Tadmor

Nature and human societies offer many
examples of self-organized behavior. Ants
form colonies, birds fly in flocks, mobile
networks coordinate a rendezvous, and
human opinions evolve into parties. These
are simple examples of collective dynamics
that tend to self-organize into large-scale
clusters of colonies, flocks, parties, etc.

A standard framework for such
collective ~ dynamics is  based
on envi};v'onmental . averaging

p,.(l+At)ZZaypj(l), Za,.j =L

The “environment” in this case consists
of N agents, identified by their time-
dependent vector of features pi(f). Each
agent modifies its features by a weight-
ed average of features from the neigh-
boring agents pj(f). These weighted
averages are quantified (1) in terms of
non-negative weights, d; >0 . Two pro-
totypical examples are the Hegselmann-
Krause model for opinion dynamics [1]
in which p, (t) encodes vectors of “opin-
ions,” and the Vicsek model for flock-
ing [2] where each p,(¢) = (x,(?),®,(t))

encodes the location and orientation.
We can express the dynamics in a more
general form as a process of alignment,

N
pi(t+At):pi(t)+aAtZa,.j(pl.—pi),
N J#i

2=l @)
Here, agent p,(t) aligns its features at a
rate proportional to a weighted average
of the differences relative to its “neigh-
bors” {P,-—Pi}. The positive parameter
quantifies the frequency of alignment; the
specific case o =1/At recovers envi-
ronmental averaging. The Cucker-Smale
alignment model for flocking [3] where
p,(t)=(x,(t),v,(t))encodes the location
and velocity, serves as an example.
Different models distinguish them-
selves with different weights, @
, which quantify the communication
between every pair of agents. Typically,
they involve an influence function, ¢,

1
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See Self-Organized Dynamics on page 3
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Coastal Ocean Dynamics
Addressing the Challenge of 3D High Resolution

By Jose E. Castillo

Our oceans are the last physical fron-
tier on Earth, covering 70% of the plan-
etary surface and changing constantly. Yet
ocean dynamics are poorly understood
and extremely complex. Changes in the
ocean affect not only the ocean ecosys-
tem, but also weather and food produc-
tion, among other things. By studying and
modeling coastal ocean dynamics, one can
draw important conclusions about the entire
global ocean and ultimately forecast the
health of our planet. Eventually, these mod-
els will benefit understanding of the impact
of changes in the ocean, so that together we
can find ways to protect our only remaining
collective human resource. Such research
will also indirectly provide important infor-
mation allowing the government to forecast
changes affecting defense strategies, navi-
gation applications, and the mainland.

Numerical models are essential for creat-
ing estimates of oceanographic and envi-
ronmental variables, the latter being useful
when making water system predictions in
coastal areas. Another important aspect of
numerical models is their innate responsive-
ness and subsequent increase in resolution,
which can be applied to real locations,
such as the San Diego Bay and Monterey
Bay, located on the California coast. These
two areas are defined as local regions and
require approximately <100 m of resolu-
tion to accurately study phenomena such
as internal waves, internal bores, biogeo-
chemical processes, red tides, and oil spills.
However, model errors are inevitable, due
to uncertainties resulting from utilization
of mathematical approximations. While
modern observational hardware systems
operating at these time and space scales
are becoming more and more accurate,
the required resolutions result in models
that are extremely computationally expen-
sive. But due to advances in computational
model methods and computer hardware

capabilities, it is possible to develop models
that are capable of running these types of
simulations.

The need for more precise coastal ocean
models that can improve the performance
of existing global and regional models
motivates such research. In addition, it is
desirable that models take better advan-
tage of specialized and commercially-avail-
able, high-performance computing (HPC)
resources and services (referred to as a
computational environment, or CE) typical-
ly used by these high-end applications. The
“Oceanography in 2025” workshop, orga-
nized by the National Academy of Sciences
in 2009, addressed the need for such model-
ing. Workshop participants reached several
conclusions: that the oceanographic com-
munity should make these models acces-
sible to non-expert applied users; that users
should be able to take “off the shelf” model

components, assemble the right combina-
tion of dynamical core, parameterization,
and data assimilation infrastructure for a
particular application, and complete this
process in a “reasonable amount of time;”
and that the final application should guar-
antee accurate results. Moving towards a
generalized 3D curvilinear geometry will
help to increase the model resolution.
Models with coarse resolutions don’t
always maintain important information
about underwater terrain. For instance,
models with spatial resolution as low as
5-25 km smooth the underwater topogra-
phy—or bathymetry—and omit most of
the undulations on the terrain; this results
in low slopes throughout and the removal
of most of the structure on the terrain.
Therefore, the bathymetry effect on flow

See Coastal Ocean on page 2
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7  Applying Mathematics to
Data Assimilation Methods
Sebastian Reich and Andrew
Stuart outline the potential for
application of data assimilation
in various disciplines in science
and engineering, and explain
why the mathematics com-
munity should take an interest
in developing the field. This
is a sequel to their article on
data assimilation in numerical
weather prediction, published in
the October issue.
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8 Mathematics in Industry
around the World
Hilary Ockendon, Director
of the European Consortium
for Mathematics in Industry,
recaps the minisymposium
series, “Industrial Mathematics
around the World,” at ICTAM
2015. With representatives from
around the world, the series
captured the history and growth
of industrial mathematics,
challenges to industry-driven
research, and innovative meth-
ods adopted to overcome them.

12 Q&A with AFOSR’s Chuck
Matson
SIAM News asked Chuck
Matson, Chief Scientist at the
Air Force Office of Scientific
Research, to shed light on the
AFOSR’s mission, how the
office decides on funding pri-
orities, as well as programs and
projects that may be of specific
interest to the mathematical sci-
ence community.

4  Photos from ICIAM 2015

10 Professional Opportunities

Coastal Ocean

Continued from page 1

is either ignored or damped. The interac-
tion of eddies with realistic bathymetry is
crucial in the simulation of dominant ocean
features that result from its interactions
with major coastal bathymetry abutments.
Moving towards the finer resolution models
preserves more structures on the terrain but
increases the slope. Hence, the distribution
of the grid points in the vertical direction
becomes more important in order to control
the grid-induced numerical errors.

The General Curvilinear Coastal Ocean
Model (GCCOM) is capable of resolv-
ing these high resolution nonlinear pro-
cesses [1]. The GCCOM model solves the
3D Navier Stokes equations within the
Boussinesq approximation and is capable
of simulating nonhydrostatic flow. One of
the most important features of this model is
its use of general curvilinear coordinates in
the three dimensions. GCCOM was built to
resolve high-resolution problems (tenths of
a meter). It provides a more accurate way
of solving for the pressure gradient and is
able to deal with very steep topographies.
GCEM provides support for weak couplings
between pairs of computational models
through the Distributed Coupling Toolkit
(DCT) [4]. Tt also incorporates a data assim-
ilation framework, which can improve the
model accuracy and efficiency for real-
time forecasting [5]. Another feature of the
model is the multiscale interaction with the

« W

Regional Ocean Model System (ROMS),
which allows external forcing interchange
in sub-mesoscale processes for nearshore
systems [3]. Some of the current issues in
high resolution coastal ocean modeling are
results of the demanding computational cost
associated with the amount of data gener-
ated. We have developed a parallel version
of the model based on Fortran 90/95 and the
Message Passing Interface (MPI) to reduce
simulation run times [6]. A further goal of
the GCEM group is to provide a Cyber-
infrastructure Web Application Framework
(CyberWeb), through which scientists can
run customized simulations and the general
public can run test simulations, view results,
and download data through a community
portal [7].

Fully 3D Curvilinear Coordinates enable
the model to easily adapt to the 3D real
physical space of the study region. This dif-
fers from the sigma coordinate traditionally
used by coastal models, which is designed
to adapt to only the horizontal bathymetry,
cannot represent non-convexity in the verti-
cal, and clearly affects the calculation of
different oceanic variables, particularly on
steep slopes. Furthermore, the majority of
commonly-used ocean models use hydro-
static assumption to calculate pressure. In
the coastal regions and on fast-varying
slopes, this assumption will lead to con-
siderable error in the pressure calculation,
which affects the entire system of the ocean.
Moreover, there is a need for detailed
studies of the different subjects on high-
resolution ocean models, including bio-
geochemical studies, where the hydrostatic
assumption will fail.

A new hybrid model, ROMS-GCCOM,
nests the high-resolution and non-hydrostat-
ic GCCOM within the regional scale hydro-
static Regional Ocean Modeling System
(ROMS). This hybrid model is a tool for
efficient exploration of the interaction of
processes that occur on a wide range of
temporal and spatial scales. For example,
ROMS-GCCOM will allow the explora-
tion of the relative influence of large-scale
conditions, such as upwelling/downwelling
cycles, thermocline depth, ambient strati-
fication, and mesoscale currents, on the
shoaling of internal waves and the result-
ing nearshore internal bore field [3]. Some

is enabled for multivariate assimilation of
several ocean data sets. This includes satel-
lite surface temperature and altimetry data,
in-situ temperature, and salinity and veloc-
ity data, including high-frequency radar sur-
face current measurements. Data assimila-
tion has the ability to improve the speed and
quality of coastal ocean model development
and is becoming an integral part of that pro-
cess. With the GCCOM, this research group
demonstrates how data assimilation can be
used with a non-hydrostatic coastal ocean
model to study sub-mesoscale processes
and accurately estimate the state variables.

The coastal ocean dynamics group has
been developing a computational environ-
ment (CE) that includes a parallel, MPI
framework. The CyberWeb system includes
a wide range of capabilities from user
account and group management, data man-
agement, dynamic discovery and use of
configured services and resources, as well
as visualization services.
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Better Living through Phase and Isostable Reduction

By Jeff Moehlis and Dan Wilson

The traditional boundaries between engi-
neering and the life sciences are rapidly
blurring as interdisciplinary researchers
explore fundamental and practical ques-
tions in biology and medicine. A particu-
larly fruitful avenue for such explorations
uses classical phase reduction techniques
and a related technique we recently pro-
posed, called isostable reduction, to rigor-
ously derive simplified equations. Optimal
control theory can then be applied to
these simplified equations to find novel
potential treatments for medical ailments
such as Parkinson’s disease and cardiac
arrhythmias.

Many physical, biological, and techno-

logical systems produce rhythmic oscilla-
tions. A powerful classical technique for
the analysis of such oscillators is the rig-
orous reduction to phase models, with a
single variable describing the phase of
the oscillation with respect to some refer-
ence state. Through reduction to phase
models, one can understand the dynam-
ics of high dimensional and analytical-
ly intractible models in a more conve-
nient form (see, e.g., [9, 2, 4, 1, 3]),
%:(o+2(6)u(!), (1
where O is the phase variable for the
oscillator, @ is the natural frequency in
the absence of external forcing, and Z (9)
is the phase response curve (PRC), which
can in principle—and often in practice—be

measured experimentally. Such a reduction
is based on isochrons for the system, which
are foliations of phase space that extend the
notion of the phase of a stable periodic orbit
to the basin of attraction of the periodic
orbit; see the top panel of Figure 1 (refer
to page 1), and a presentation with videos
illustrating isochrons, isostables, and other
aspects of this article.! Each point in the
basin of attraction lies on only one isochron,
and two points on the same isochron con-
verge to the periodic orbit with the same
phase.

While an equation of the form (1) is
relatively simple to work with, it retains

the essence of the system under study,
1

https://www.pathlms.com/siam/cours-
es/1288/sections/1425/video_presenta-
tions/11676

allowing for progress to be made on dif-
ficult problems. For example, consider
the hypothesis that pathological synchro-
nization of spiking neurons in the basal
ganglia-cortical loop within the brain is
a factor contributing to tremors exhibited
by patients with Parkinson’s disease, along
with the established treatment option called
deep brain stimulation in which a neuro-
surgeon implants an electrode that can
inject a current into the brain tissue. These
suggest that it might be useful to design
a single electrical stimulus, wu(¢), which
desynchronizes a population of neural oscil-
lators. Using only the dynamic equations
describing each neuron in terms of its full
nonlinear dynamics, it would be difficult
to make any analytical progress, but with

See Phase Reduction on page 6

Self-Organized Dynamics

Continued from page 1

The Hegselmann-Krause model is local;
it is driven by compactly-supported influ-
ence functions so that each agent interacts
only with those that have similar opinions.
Similarly, the Vicsek model involves local
influence functions, but with additional
stochastic noise. Cucker-Smale models
involve global ¢'s where deg,=N, or
local ones advocated in [4].

We note in passing the tacit assumption
that the alignment in (3) depends on the
notion of geometric distance. But this need
not apply in general cases, for example,
when measuring distances between vectors
of opinions, or when the alignment dynam-
ics is dictated by fopological neighbor-
hoods. Indeed, the latter is motivated by
the detailed observations carried out in the
STARFLAG project (2008), indicating that
birds communicate with a fixed number
of neighbors rather than a fixed geometric
neighborhood.

These examples are part of a larger para-
digm advocated by I. Aoki (1982) and C.

particular, what types of “rules of engage-
ment” lead to the emergence of clusters and
other more complex large-scale patterns?
When the dynamics is global in the sense
that every agent is able to communicate
with every other agent (ai > 0), the agents
will approach one cluster. Thus, the large-
time behavior of global alignment leads
to consensus. In more realistic scenarios,
however, the communication is local, that
is, the influence function ¢ vanishes when
two agents with features far apart attempt to
communicate. In these cases, the important
question of reaching a consensus is more
subtle because it depends on the propa-
gation of connectivity of the underlying
graph associated with the time-dependent
matrix @ =a;(p(1)). The propagation of
connectivity is intimately related to the
specific “rules of interactions.” A particu-
larly intriguing aspect of this issue was
observed in [4]: if the influence function
@ is heterophilious in the sense that it is
increasing over its finite support, then it
is likely to produce a few/fewer clusters,
and eventually will evolve to a consensus
shown in Figure 1. This counter-intuitive

Opinions x;

0 5 10 15 20 25 30 35 40
time (¢)

Opinions x;

Figure 1. (Heterogeneous dynamics). Large-time behavior of Hegselmann-Krause model with
100 uniformly distributed opinions [4]. Left: Influence function ¢(r):=1w<r <1 yields four par-
ties. Right: Emergence of consensus with increasing ¢(r):=0.1; < 7'2_; +147'; <r<n.

Reynolds (1987), in which different rules
for repulsion (in the “immediate vicinity” of
each agent) and “far-field” attraction (cohe-
sion) augment the mid-range alignment (2).
Models based on this paradigm are found
in different disciplines, including aggrega-
tion of bacteria and swarming in biology,
complex networks which arise as a result
of human interactions in social sciences
(opinion dynamics and traffic networks, for
example), and production lines and robotic
networks in engineering. Different disci-
plines utilize different approaches to study
such systems. Biologists inquire whether
the observed self-organized patterns are
system specific, while physicists seek anal-
ogies between different near-equilibrium
patterns. Computer scientists trace their
graph dynamics while engineers may ask
how to control such systems.

The rapidly-growing mathematical lit-
erature devoted to such systems addresses
several natural questions which arise in this
context. We focus on two of them, associ-
ated with the important limits of #—o0 and
N —> o,

(i) What is the large-time behavior of
(2),(3) and what are the more general
classes of alignment models as t—00? In

consequence of heterophilious dynamics
is of potential importance in applications.
Why is it only the “likely” behavior of het-
erophilious dynamics? This is due to lack of
stability for general agent-based dynamics
with a fixed (small) number of agents.

There are many other related aspects
involved in different “rules of engagement”
of collective dynamics, of which we men-
tion three.

An important aspect in the self-orga-
nization of many mechanical systems
is synchronization. The prototype is the
Kuramoto model [5], which encodes
the orientation of coupled oscillators,

i0, (1), .
p;(t)=¢e"", governed by the coupling
function ¢(6)=sin6/6 . It is also impor-
tant to note that distances measured in
realistic scenarios of “living” agents can
only be estimated. This is the source for
stochastic noise as in the Vicsek model,
which leads to phase transition [2]. Finally,
the underlying assumption in (2),(3) is that
agents align with their neighbors along the
radius vector of their respective positions,
through vision (flocking), lasers (robots),
etc. Unlike physical particles, however,
“living” agents do not necessarily act along

their relative radius vectors. Consider for
example pheromones rather than vision, or
the way humans follow the influential ideas
of those who are “ahead.” In these cases,
the interaction among agents may take place
along projections on their relative trails.
“Living” agents take into account only
those neighbors who are “moving ahead”
in a forward cone, which leads to the emer-
gence of leaders illustrated in Figure 2.

A key issue in systems with a large num-
ber of agents is understanding their group
behavior rather than tracing the dynamics
of each of their agents. This brings us to the
second question. (ii) What is the qualitative
behavior of self-organized dynamics for
very large groups (N — o0)? Agent-based
models like (2),(3) lend themselves to stan-
dard kinetic and hydrodynamics descrip-
tions. To see a simulation! of agent-based
Vicsek dynamics and the corresponding
macroscopic density/velocity fields, view
the online version of this article at sinews.
siam.org.

For a kinetic description, consider an
ensemble of a large number of agents
with time-dependent distribution f(,x,v)
which realizes the (assumed) large N-limit
of the empirical distribution of agents,
1/NZ5, (x) ®5m,. (v). Expressed in
terms of its macroscopic density,
p(t,x)= I f(t,x,v)dv, and momentum,
m(t, x) = j vf(t,x,v)dv, the dynam-
ics of such an ensemble is governed by
the  Vlasov-Fokker-Planck  equation

fi+v-V [+V, - ((u=v)f)=0Af. (4

The third term on the left represents align-
*

ment towards the mean velocity # = p *'/’?1 ,
while the term on the right represents diffu-
sion due to possible noise. Studying the sta-
bility around global Maxwellians associated
with (4) addresses the difficulties in analyz-
ing the stability of agent-based dynamics
with a fixed number of agents.

A further simplification is obtained
with the macroscopic description of self-
organized dynamics. It is governed by
conservation of mass, p,+V-(pu)=0,
coupled with the balance -equation,

u,+u~qu+lVXP

o)
=L 910y ) - NP,
€g

deg(t,x)=¢*p. o)

The pressure term on the left encodes
the closure of (4) and the expression on
the right of (5) is the alignment towards

I http://www.cscamm.umd.edu/tadmor/
Lectures/micro_macro.avi

the shifted means. Both terms are model-
dependent. When ¢ is singular, it can be
viewed as fractional-order Laplacian; when
¢ is global, it is reminiscent of the nonlo-
cal means found in image processing. In the
present context of social hydrodynamics,
(5) involves local smooth ¢'s. We know
that if smooth solutions of (5) exist, they
must flock. But alignment-based models
reflect the competition on resources; left
unchecked, it may lead to finite-time “blow-
up.” This is where the closure with addition-
al repulsion forces in the form of compress-
ible (or incompressible) pressure comes into
play. Current work includes analytical and
computational methods to study the stability
of such systems, specifically, whether the
regularity of their solutions persists in time
and what large-scale structures emerge from
the social hydrodynamics governed by (5).

More on the current work including open
questions concerning the modeling, analy-
sis, and computation of collective dynam-
ics can be found in [4] and the references
therein.

Acknowledgments: Research was support-
ed in part by NSF grants DMS10-08397
and RNMS11-07444 (KI-Net) and by ONR
grant 000141512094.
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Peter Henrici Prize. This article is based, in
part, on the associated prize lecture that he
delivered at the 8th International Congress
on Industrial and Applied Mathematics held
in Beijing earlier this year. View a photo of
Tadmor receiving the prize on page 4.
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Photos from ICIAM 2015

Recipients of major SIAM prizes and the 2015 Class of SIAM Fellows received
awards and recognition at the Prizes and Awards Luncheon held during the 8th
International Congress on Industrial and Applied Mathematics (ICIAM 2015) in

Beijing, China, in August. View more photos online at sinews.siam.org.

SIAM President Pam Cook congratulates Eitan Tadmor, who received the 2015
Peter Henrici Prize.

Members of the SIAM Class of 2015 Fellows at the Prizes and Awards Luncheon

%

at ICIAM 2015 in Beijing: (left to right) George Yin, Panagiotis Souganidis, Anne
Greenbaum, Tyrone Duncan, Qun Lin, and Esmond Ng.

SIAM President Pam Cook awards the 2015 John von Neumann Lecture to Jennifer

Chayes.

Society for
Industria)

and Applied
Mathematics

SIAM President Pam Cook addresses SIAM prize luncheon attend-

ees at ICIAM 2015.

SIAM Adopts the Wilkinson
Prize for Numerical Software

By Jorge Moré

SIAM — as a community with a deep
interest in scientific computing — has taken
a major step toward recognizing numerical
software’s key role in sophisticated comput-
ing environments by adopting the Wilkinson
Prize for Numerical Software, which rec-
ognizes innovative software in scientific
computing. Since 1991, the prize has been
awarded by Argonne National Laboratory,
the National Physical Laboratory, and
the Numerical Algorithms Group every
four years at the International Congress
on Industrial and Applied Mathematics
(ICTAM). While this arrangement worked
well for over a decade, the relative exposure
of the Wilkinson Prize has decreased since
the introduction of the ICIAM Prizes in
2003. Moreover, scientific computing has
not played a prominent role at [CIAM.

Establishing a New SIAM Prize

The Board of Trustees for the Wilkinson
Prize approached SIAM to gauge interest
in having the prize become a SIAM Prize.
The first step was to submit a proposal to
the SIAM Major Awards committee with a
proposed set of guidelines and endowment
fund.

Daniel Szyld (SIAM Vice-President at
Large) proved to be a skillful negotiator
as he guided the approval process. After
several discussions and exchanges, the
Major Awards committee proposed that the
Wilkinson Prize for Numerical Software be
given at the SIAM Computational Science

and Engineering (CSE) conference every
four years, with the first prize in 2019. The
CSE conference is an ideal venue since the
prize recognizes innovative developments in
scientific computing software, a major focus
of the conference. A new and highly desir-
able feature was that the winners of the prize
present an invited talk.

The next step in the approval process was
the SIAM Executive Council. The Council
noted that the prize requirement that winners
be at most 40 years old (intended to encour-
age early career researchers) did not take
into account researchers who started late in
their careers or took time off for personal
reasons. After considerable discussion, eli-
gibility was revised to require that winners
must have received their highest degree dur-
ing the previous 12 years, since there is no
clear definition of an early career researcher.
The final decision was made easier after it
was noted that past winners satisfied this
requirement with at least one year to spare.

Innovative Software in Scientific
Computing

Winners of the Wilkinson Prize for
Numerical Software have been innovative
software libraries that make complex algo-
rithms usable by computational scientists,
and visionary projects that introduce new
ideas at the forefront of scientific comput-
ing .

The 2015 Prize was awarded to Patrick
Farrell (University of Oxford), Simon Funke
(Simula Research Laboratory), David Ham
(Imperial College London), and Marie

Rognes (Simula Research Laboratory) for
the development of dolfin-adjoint, a soft-
ware library which automatically derives
and solves adjoint and tangent linear equa-
tions from high-level mathematical speci-
fications of finite element discretizations of
partial differential equations.

The need for adjoints of partial differen-
tial equations pervades science and engi-
neering. Adjoints enable the study of the
sensitivity and stability of physical systems,
and the optimization of designs subject to
constraints. By adding a few lines of code
to a FEniCS model, dolfin-adjoint users can
compute tangent linear and adjoint solutions,
gradients, and Hessian-vector products, and
use these derivatives in combination with
optimization algorithms to determine the
optimal design of a model. Areas of applica-
tion of dolfin-adjoint include oceanography,
mantle convection, cardiac electrophysiolo-
gy, glaciology, phase separation, acoustics,
electromagnetics, and fluid mechanics. Visit
www.dolfin-adjoint.org for more informa-
tion, including examples, tutorials, and ref-

erences to publications. Full details of the
prize are available on the SIAM website.

The Board of Trustees is grateful to
Argonne National Laboratory, the National
Physical Laboratory, and the Numerical
Algorithms Group for funding the SIAM
endowment for the Wilkinson Prize as well
as for supporting the prize over the last 20
years by providing time and effort to the
evaluation process. The Board is also grate-
ful to the external reviewers who provided
insightful comments on entries. Jorge Moré
(Argonne National Laboratory) and Maurice
Cox (National Physical Laboratory) were
members of the Board since the first prize
was awarded in 1991, while Brian Ford was
the initial member of the board from the
Numerical Algorithms Group, with Sven
Hammarling and Mike Dewar joining the
board in later years.

Jorge Moré (Argonne  National
Laboratory) was a member of the Wilkinson
Prize Board of Trustees since the first prize
was awarded in 1991.

2015 Wilkinson Prize for Numerical Software recipients (from left to right) Patrick Farrell, Simon
Funke, David Ham, and Marie Rognes. Photo credit: Marie Rognes.
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Coming Soon: SIAM’s First Conference on Applied
Mathematics Education

Many SIAM members may not be aware
that STAM has a new activity group focused
on applied mathematics education, a group
that can positively impact both research-
ers and members with a general interest in
education.

There is an important distinction between
mathematicians interested in education
and math education people, and the SIAM
Activity Group on Education (SIAG/ED
http://www.siam.org/activity/ed/) appeals
to the former, a growing group among
SIAM members. Similar to other activity
groups, this SIAG is fulfilling the need for
additional special interests within the STAM
community.

The growing demand for continued
reforms in mathematics education and
curricula in the U.S. and throughout the
world emphasizes relevance, applica-
tion, modeling, data, computation, etc.,
and is reflected in programs such as the
PCAST Engage to Excel,! the National
Academies’ The Mathematical Sciences in

1 http://www.siam.org/reports/pcast.php
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2025 reports,> and SIAM’s own “Modeling
across the Curriculum” workshops,3 the
latter of which address undergraduate and
K-12 education. Remaining at the center of
these discussions unquestionably benefits
SIAM. Collaboration between SIAG/ED
and SIAM’s Education Committee is a
powerful combination of members’ inter-
ests and relevant educational policies, and
will subsequently impact the entire SIAM
membership.

Additionally, channeling well-prepared
students into undergraduate programs in
STEM (Science, Technology, Engineering,
and Mathematics) fields and the mathemati-
cal sciences in particular is critically impor-
tant to the future of the applied mathematics
research community. These undergraduates
provide the potential source of graduate
students and next-generation researchers
as well as direct expertise for careers in

2 http://www.nap.edu/catalog/15269/the-
mathematical-sciences-in-2025

3 http://www.siam.org/reports/model
ing_12.pdf and http://www.siam.org/
reports/modeling_14.pdf

.New and Noteworthy Titles®n

Business, Industry, and Government (BIG).
They also possess the appropriate experi-
ence and training to become K-12 educators
of future students, scholars, and researchers.

Collectively, the aforementioned points
are powerful reasons for SIAM members
to become involved in the activities of
SIAG/ED, and we hope everyone will con-
sider attending the inaugural conference in
the fall of 2016. Mathematics, especially
applied and computational mathematics and
statistics, are crucial in preparing the next
generation of the STEM workforce. This
applies to the entire educational spectrum,
from the early years through graduate stud-
ies and careers in mathematics and partner
disciplines.

SIAG/ED will hold its inaugural con-
ference (ED16) at the DoubleTree by
Hilton Hotel Philadelphia Center City in
Philadelphia, Pennsylvania, from Friday,
September 30 to Sunday, October 2 (morn-
ing only), 2016. The program will include
the third workshop on “Modeling across
the Curriculum,” or MaC. The first two

5‘6 tistics

0.93900573

0.93900573

Foundations and Applications

of Statistics

An Introduction Using R

from the AMS

An Introduction to Stochastic
Differential Equations

Lawrence C. Evans, University of California,
Berkeley, CA

.. [Aln interesting and unusual introduction to
stochastic differential equations...topical and
appealing to a wide audience. ... This is inter-
esting stuff and, because of Evans’ always
clear explanations, it is fun too.

MaC workshops were funded by the NSF
(Awards DUE - 1206230 & 1352973).

In addition to MaC, ED16 will have
several themes: first two years of college;
program and curriculum development and
research; assessment and evaluation; impact
of and on Common Core; and connec-
tions to Business, Industry and Government
(BIG).

The conference will feature invited
speakers related to these themes. Parts of
the program will be organized in collabora-
tion with other SIAM activity groups and
organizations outside SIAM. There will
also be minisymposia, poster sessions, and
contributed paper sessions. Talks focused
on works-in-progress are especially encour-
aged. Abstracts will be solicited from the
conference website (http://www.siam.org/
meetings/ed16/) in late 2015.

The Activity Group is eager to engage
students, teachers, and junior researchers
in any of the aforementioned themes. To
facilitate participation, some travel awards
for students and early career academics
will be available. A reduced registration for
K-12 teachers is also anticipated.

The Organizing Committee for
ED16 is co-chaired by Peter Turner
(Clarkson University, Chair, SIAG/
ED) and Eric Kostelich (Arizona State
University), and also comprises the
other SIAG officers Jeff Humpherys
(Brigham Young University), Padhu
Seshaiyer (George Mason University),
Ben  Galluzzo  (Shippensburg
University) as well as Diane Briars
(President, National Council of
Teachers of Mathematics), Lou Gross
(Director Emeritus, NIMBioS), Knut
Martin Mgrken (University of Oslo),
Rosalie Belanger-Rioux (Harvard
University), and Jason Douma
(University of Sioux Falls, Chair
of MAA’s Mathematics Across the
Disciplines committee).

ED16 will be held at the same place
and at the same time as the inaugural
meeting of the STAM activity group on
Mathematics of Planet Earth (SIAG/
MPE). One registration fee will allow
conference participants to attend ses-

sions at both meetings. The meetings
will have separate programs, but some
joint activities are being planned.

Randall Pruim, Calvin College, Grand Rapids, MI

An introduction to statistics that relies heavily on
computation and that uses statistics as a means
for motivating probability.

—MAA Reviews ‘

A quick, but very readable introduction to sto-
chastic differential equations; that is, to differential equations subject
to additive “white noise” and related random disturbances.

2013; 151 pages; Softcover; ISBN: 978-1-4704-1054-4; List US$34; AMS members
US$27.20; Order code MBK/82

Pure and Applied Undergraduate Texts, Volume |3;
2011; 615 pages; Hardcover; ISBN: 978-0-8218-5233-0; List
US$90; AMS members US$72; Order code AMSTEXT/I3

Like and

follow us
on social media
to get updates!

0.8771072
A Course on Large Deviations with an

Introduction to Gibbs Measures

sity of Utah, Salt Lake
nen, University of

Analysis of Stochastic Partial
Differential Equations

A Course on

Large Deviations
with an Introduction
to Gibbs Measures

Firas Rassoul-Agha, Univ.
City, UT, and Timo Seppi
Wisconsin—-Madison, WI
This book is designed for use with students in an
introductory course on the methods of comput-
ing asymptotics of probabilities of rare events.

Davar Khoshnevisan, University of Utah,

Salt Lake City, UT

A concise introduction to stochastic partial dif-
ferential equations, emphasizing the stochastic
heat equation.

Analysis of Stochastic
Partial Differential
Equations

Firas Rassoul-Agha
Timo Seppilainen

Davar Khoshnevisan

SIAMconnect

A co-publication of the AMS and CBMS. S .
Graduate Studies in Mathematics, Volume 162;

2015; 318 pages; Hardcover; ISBN: 978-0-8218-7578-0; List US$79; AMS members
US$63.20; Order code GSM/162

CBMS Regional Conference Series in Mathematics, Number 119;2014; 116
pages; Softcover; ISBN: 978-1-4704-1547-1; List US$37; All individuals US$29.60;
Order code CBMS/119
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) e The objective of this book is to present, in a SIAMConnects
Sireietds Brinines Samuel Herrmann, Université de Bourgog ) p L
AMathematical Approach i ‘ manner accessible to strong undergraduates and
in the Small Noise Limit France, Peter Imkeller, Humboldt-Univ z | T — he id P
o Herman Berlin, Germany, Ilya Pavlyukevich, Friedrich- S EIENIKEE] Il SEee §tu S, WS T eas'o .
oo Schiller-Universitdit Jena, Germany, and Dierk how to approach BT ReiE problems that arise SOC'etY for
Dk pethmann Peith L G - in discrete mathematics, analysis of algorithms, .
eithmann, Essen, Germany \ D e |ndustr|a| and
Mathematical Surveys and Monographs, Volume 194; | A .
2014; 189 pages; Hardcover; ISBN: 978-1-4704-1049-0; List Student Mathematical Library, Volume 71;2014; 183 pages; Softcover; ISBN: Applled
US$77; AMS members US$61.60; Order code SURV/194 i 978-1-4704-0904-3; List US$39; All individuals US$31.20; Order code STML/71 Mathematics
izl |
fFo :.? +SIAMConnect
Order by Phone: L

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

@AMS] | IBookstore

ams.org/bookstore

Order Online:

www.ams.org/bookstore

(800)321-4267 (U.S. & Canada),
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Telescopes and Symplectic Mappings

Symplectic geometry, tracing its origins
to the work of Poincaré on Hamiltonian
systems, and currently a very active field,
reached a high level of abstraction. Here
is a simple concrete example where “sym-
plectic” approach predicts and explains the
following physical fact:

Any optical device (e.g. a telescope)
which converts a parallel beam to a nar-
rower parallel beam must necessarily mag-
nify objects.!

A g

lenses 01
: and /or L1
) 00 . /
mirrors

rd

Figure 1. We place an axis X, before the
device and another axis X, after. The entry
data (Xy,0, ) of a ray determine its exit data
(%X, 6,)

This, as I will show next, is a manifesta-
tion of the obvious fact that if an area pre-
serving a map squeezes in one direction, it
must expand in another.

' To maximize simplicity, I minimize the
dimension to two.

Any optical device (in two dimensions)
— schematically, the black box in Figure
1 — gives rise to a map which assigns to

in the x—direction, it must stretch in the y—
direction. This y-stretching means that the
angles between parallel beams are magni-

each ray’s entry data (X,,),)
where y,=sin6,, the cor-
responding exit data (x;,y,).
Parallel beams, e.g. CD and
C'D'’ in Figure 2, correspond to

MATHEMATICAL
CURIOSITIES
By Mark Levi

fied. But this is precisely what
the optical magnification of
objects amounts to. For exam-
ple, the reason a telescope
allows us to tell that a distant

horizontal segments in the xy-
plane. Horizontal segments map under ¢ to

speck is actually a ship and not
a dot is that it increases the angle between

Figure 2. Left: Beam CD exits as beam C'D

horizontal segments; moreover, ¢ shortens
these segments since the device narrows
parallel beams, Figure 2.

Now ¢ is area—preserving.> And since
¢ squeezes the rectangle ABDC (Figure 3)

2 To see why, consider the travel time
T (Xy,X;) (called the optical distance), and
note that Y, = —7;0 (X9,%), V1= Tx, (x05%,),
subscripts denoting partial differentiation.
Then for a closed curve y, in the (X,,Y,)

". Right: ¢ (CD) = C'D".

% ., two beams, one
5 ) from the stern and
p— / ¢ Col D the other from the
——— K B bow, thus making
Y these beams fall
— | ¢ b .| onto different “pix-

A — A P B els” on our retina.
The proof of

area—preservation
in the footnote, due
to Poincaré, admits a “hands—on” palpable
mechanical interpretation, as described in
[1]. More on symplectic maps and lenses
can be found in the remarkable book [2].

plane, parametrized by se€[0,1] we get
1d ! ' '
0=, 2T Ga(s)x (s = |, (i, + s

- _J.Vu ydx * L(m)ydx'

And there are interesting open questions
that we do not address here on the relation-
ship between recent results of symplectic
geometry and optics.

Ay
angl
et o
g;?nr?smg be‘%wegen
S s O
A4 B ’

Figure 3. Narrowing of the beams causes
widening of the angles between beames, i.e.
the optical magnification.
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Phase Reduction

Continued from page 3

the phase-reduced models for the neu-
rons, one can show that exponential sepa-
ration will occur with a stimulus #(#) which
yields a positive Lyapunov exponent [7]

A(r) = %jo 20 u(s)ds.  (2)

The Lyapunov exponent provides a control
objective for which optimal control theory
can be used: find the stimulus which maxi-
mizes the Lyapunov exponent while simul-
taneously minimizing the power used by
the stimulus [7]. The latter goal is desirable
because it allows the battery which gener-
ates the electrical stimulus to have a longer
life. Numerical results from this approach
are shown in Figure 2 for a population of
thalamic neurons. In [7], we also showed
that this methodology is robust for weak
neuron coupling and heterogeneities.

For systems which have a stable fixed
point rather than a stable periodic orbit, one
can define isostables [5], which are sets
of points in phase space that approach the
fixed point together and are analogous to
isochrons for asymptotically periodic sys-
tems; see the bottom panel of Figure 1 (refer
to page 1). In [8] we show that one can per-
form an isostable reduction for such systems,
which leads to an equation of the form

‘;—f = k4 1 Yu(r), 3)

where ¥ is the scalar isostable coordinate
similar in nature to the phase in a periodic

system, K is a constant which describes the
rate of change of the isostable coordinate in
the absence of external forcing, 7(w) is the
isostable response curve, which is analo-
gous to the PRC, and u(?) is an external
stimulus. We demonstrate the utility of
isostable reduction by considering the prob-
lem of finding an electrical stimulus, #(¢),
which can eliminate the cardiac arrhythmia
known as alternans, the beat-to-beat alterna-
tion of electrochemical cardiac dynamics at
a constant rate of pacing, which has been
implicated as a possible precursor to more
serious cardiac arrhythmias. In [8], we
applied optimal control theory to (3) to find
a stimulus which eliminates alternans by
stabilizing a periodic heartbeat while simul-
taneously minimizing the power associ-
ated with the stimulus. Isostable reduction
allows such an approach to be used even for
high-dimensional models of cardiac activ-
ity, as shown in Figure 3.

Perhaps the greatest strength of both
reduction strategies is their experimental
applicability to living systems. In an
experimental setting, the full right hand
side of the dynamical equations are usu-
ally unknown, but phase response curves
can still be measured using direct meth-
ods [3, 6]. We propose that with a similar
experimental protocol, isostable response
curves could be measured in living tissue as
well. As technology continues to evolve at
arapid pace, scientists are able to observe
and record more and more of the dynami-
cal behavior associated with debilitating
diseases. Both phase reduction for systems
with a stable periodic orbit and isostable

150 200 250 300

Figure 2. Desynchronization of a neural population. (Top) Black lines show voltage traces

for 100 simulated coupled neurons, and red line shows average voltage.

When the

average voltage exceeds the threshold defined by the horizontal purple line, the optimal
control stimulus is applied (bottom) until peaks in voltage no longer exceed the blue line.

Adapted from [7].
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Figure 3. Control of alternans. (Top) Voltage trace showing action potentials for a 13-dimen-
sional model for cardiac cell dynamics subjected to an applied control stimulus (middle)
found by applying optimal control theory to the equation obtained through isostable reduction.
(Bottom) Successive values of the action potential duration (APD) when the control is off (not

shaded) and on (shaded). Adapted from [8].

reduction for systems with a stable fixed
point offer tremendous promise for making
sense of this dynamical behavior and for
pointing to new treatment options.

Acknowledgments: This research was
supported by National Science Foundation
grants NSF-1264535 and NSF-1363243.
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Modern ODEs at an Affordable Price

FROM CALCULUS TO DYNAMICAL SYSTEMS

VIRGINIA W. NOONBURG

ORDINARY By VW. Noonburg
DIFFERENTIAL MAA Textbooks
EQUATIONS

S

TEXTBOOK SERIE!

Catalog Code: FCDS
ISBN: 978-1-93951-204-8

334 pp., Hardbound, 2014

Also available as an eBook!
To order the eBook, visit
maa.org/ebooks/FCDS.

List: $60.00
MAA Member: $48.00

Ordinary Differential Equations: From Calculus to Dynamical Systems

The author's writing style is very clear and should be quite accessible to most students reading the book. There
are lots of worked examples and interesting applications, including some fairly unusual ones...This book offers
a clean, concise, modern, reader-friendly approach to the subject, at a price that won’t make an instructor feel
qguilty about assigning it. ~-MAA Reviews

The writing is clear, the problems are good, and the material is well motivated and largely self-contained. This
new book is highly recommended for students anxious to discover new techniques. -SIAM Review

This book presents a modern treatment of material traditionally covered in the sophomore-level course in
ordinary differential equations. While this course is usually required for engineering students the material is
attractive to students in any field of applied science, including those in the biological sciences.

The standard analytic methods for solving first and second-order differential equations are covered in the
first three chapters. Numerical and graphical methods are considered, side-by-side with the analytic methods,
and are then used throughout the text. An early emphasis on the graphical treatment of autonomous first-
order equations leads easily into a discussion of bifurcation of solutions with respect to parameters.

The book is aimed at students with a good calculus background that want to learn more about how calculus
is used to solve real problems in today’s world. It can be used as a text for the introductory differential

equations course, and is readable enough to be used even if the class is being “flipped.” The book is also

will also find this text useful.

Order today

accessible as a self-study text for anyone who has completed two terms of calculus, including highly
motivated high school students. Graduate students preparing to take courses in dynamical systems theory

Visit maa-store.hostedbywebstore.com or call 800-331-1622.

rested in an examination copy? Visit maa.org/examination-copies or email Carol Baxter at chaxter@maa.org.
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Applying Mathematics to Data Assimilation Methods

By Sebastian Reich and Andrew M.
Stuart

In part I of this article in the October
issue, the authors described the use of data
assimilation in numerical weather predic-
tion.

The subject of data assimilation has been
driven primarily by practitioners working
in the geophysical sciences. However, the
potential for application in all realms of sci-
ence and engineering cannot be overstated.
For this reason, the subject is ripe for devel-
opment by the mathematics community
[6]. The primary benefits of a discipline
of this type are three-fold: (i) systematic
development leads to clarity about the right
questions to ask and distinguishes between
generic algorithmic and mathematical ques-
tions, and application-specific ones; (ii) it
leads to the possibility of importing algo-
rithmic innovation from the computational
mathematics community; and (iii) it allows
for the exchange of ideas between differ-
ent application areas through a common
language. Of course, this perspective is not
news to most SIAM News readers, but the
value of mathematics as the language of
science and engineering is always worth
re-emphasizing.

A central transferable idea in this article
is that, in many areas of applied mathemat-
ics, the data model and the mathematical
model should be considered in conjunction.
Thinking about a scientific or engineer-
ing problem in this way from the very
start is certainly a nontraditional way of
thinking, but we argue that it is, in many
areas, the right viewpoint. In the context
of data assimilation we thus consider a
combined model for the signal with a model
for the observation process. For
expository purposes we consider a discrete

time signal ¥, ={},, given by
v =¥+,
Here the model noise {£ )/ represents

stochastic forcing to a deterministic evolu-
tion given by W(); this stochastic forcing
may or may not be included in the use of the
model, depending on the setting. The math-
ematical model for the signal may
have many centuries of intellectual develop-
ment behind it (for example, in numerical
weather prediction, or NWP) or may be
the product of more recent application-
driven needs (for example, in traffic flow).
The level of confidence in the purely
deterministic signal model will affect
whether or not it is appropriate to include
model noise in it. The observations
Y, ={y,}_, are assumed to be given by

Vi =h(v)+ 1,

This equation typically will model the use
of data acquisition instruments, which will,
of course, be application specific. Here the
observational noise {7, },_, is almost always
present because very few observing instru-
ments are perfect.

We can state two formulations of the data
assimilation problem. The first is to find
information about v; given Y, ={y,}/_,,
and to update this information sequen-
tially as j = j+1; this is known as filter-
ing. The second is to find information about

v, given Y, for some given J; this is
known as smoothing. Smoothing is more
computationally demanding than filtering
because it operates in a state space of
dimension J + 1 times that of filtering’s
state space. While in the fully probabilistic
model described below filtering and
smoothing theoretically lead to the same
result at j = J, current computational imple-
mentations of smoothing in the form of

4DVAR (standing for four dimensions---
three space plus time---and a cost functional
to be minimized) and filtering in the form of
ensemble Kalman filters (EnKFs) often
demonstrate that smoothing is more
informed by the data than filtering is.
However, EnKFs deliver an estimate for
forecast uncertainties and do not require the
computation of adjoint operators (and can
thus be seen as derivative-free minimization
methods). Merging the advantages of
4DVAR with those of EnKFs is currently a
very active area of research in NWP.
Another important distinction is between
deterministic and probabilistic methods.
Deterministic methods for smoothing can
be formulated through optimization as
attempting to find the model and observa-
tional noise sequences that provide the best

fit to the overall mathematical/data model.
This leads to the 4DV AR objective function

I =X (|C 20, -]

+| T2, —hie))

which will typically be augmented with a
regularization term for the initial condition,
as discussed earlier. The covariance matri-
ces Cand T" weight the relative confidence
both in the mathematical model and the
data. There are many variants on the above
equation and, in particular, the singular
limit C— 0 , where the model is thought
to be noise free (5, =0), and hence optimi-
zation is over U, only, is widely used.

See Data Assimilation on page 8
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Figure. Shows accurate filtering for the 2D Navier-Stokes equation. u denotes the true solution
and m the filter. The truth and filter are compared in several Fourier components, and in relative
L2 error. Several initializations of the filter are shown, indexed by (k). Figure credit: Kody Law.
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Continued from page 7

Deterministic methods for filtering also
can be expressed in terms of optimization;
3DVAR type methods have the form:

v, =argmin,J, (v),
1
S0 =G -2
L
+T 2y, —hO)]

As with smoothing, the choice of covari-
ances C; and T leads to a variety of dif-
ferent methods. A key question is whether
such methods can reproduce accurate esti-
mates of the true signal, even when initial-
ized incorrectly. The figure (on page 7)
shows the output of a filter for the Navier-
Stokes equation, and demonstrates how, in
this case, the true signal (denoted by u) is
recovered by the filter (denoted by m); three
different Fourier components are shown,
together with the L2 norm of the relative
error. In all four figures synchronization
between filter and truth may be observed. A
rigorous dynamical systems perspective on
synchronization was established in [4] in
the noise-free model and data case. EnKF
methods employ N copies of the above iter-
ated minimization in parallel, and the cova-
riance G is estimated empirically from an
ensemble of forecasts. Such methods pro-
vide a transition from deterministic to prob-
abilistic data assimilation techniques in that
the ensemble information may be used as a
surrogate  for model uncertainty.
Furthermore, such methods also lead to
complex interaction between the different
ensemble members and hence to interesting
and challenging problems in random
dynamical systems [7]. There is a great deal
of opportunity for new research in this area.

More generally, probabilistic filtering
methods concern approximation of the
sequence of probability measures
u,()=P(v;e-|Y;). There are various

approaches, but the most prevalent for
low-dimensional applications are SMC
methods that attempt to approximate the
probability distributions #; by weighted
sums of Dirac measures. This can be very
hard to do in problems where the state space
dimension is large or where the data is very
informative [14, 15]. EnKF methods par-
tially address the need to tackle such prob-
lems by employing linear regression during
each data assimilation step, but rigorous
analysis justifying their accuracy in practi-
cal scenarios (fixed, small ensemble size) is
very much lacking and very much required.
An interesting connection between probabi-
listic filtering and optimal transportation
theory [12] provides an important concep-
tual foundation for the analysis of these
problems.

The smoothing distribution requires
study of the probability measure
u()=PW,|Y,). This measure is on a
space of dimension J + 1 times that of the
space where each measure #; from filtering
lives. As a consequence, it can be very dif-
ficult to study this probability measure
accurately and efficiently. Monte Carlo
Markov chain (MCMC) methods can be
used in some cases, but they are primarily
for model problems in benchmarking mode
[8]; there remains a significant number of
challenging questions in numerical analysis
and statistics concerning how to make these
methods accurate and efficient for high-
dimensional applications [3].

Data assimilation is at a very exciting
juncture for mathematical scientists. There
are a plethora of applications in which
dynamical models are confronted with sig-
nificant data sets. The question of how to
merge the dynamical model with the data
to either estimate model states or model
parameters — or to estimate both — is thus
very timely.

In addition to the legacy applications in
the geophysical sciences [11], for which
data assimilation remains key, new areas

include traffic flow [16, 5], neuroscience
[1], personalized medicine [13], and power
grids [2]. Furthermore, the subject has been
application-led to date. The opportunity
for mathematical scientists to systematize
the field, develop and import new ideas
and algorithms, and export these ideas into
application domains old and new is a great
one. The recent texts [9, 10, 12] provide
introductions to the mathematical underpin-
nings of data assimilation. The field is one
that will only grow in importance over the
next few decades and is an ideal one for
younger researchers in the mathematical
sciences.
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Mathematics in Industry

By Hilary Ockendon

The 8th International Congress for
Industrial and Applied Mathematics
(ICIAM 2015), was well represented by
sessions on applied mathematics, but sadly,
only 19 out of the 651 minisymposia at the
meeting held in Beijing in August were
designated as ‘industrial.” Among these,
a series called “‘Industrial Mathematics
around the World,” organized by the late
Professor Yongji Tan (Fudan University)
and Dr Yichao Zhu (Hong Kong University
of Science and Technology), brought to
light how different countries address indus-
trial mathematics.

The talks in these minisymposia
described how organized Mathematics in
Industry started in Europe nearly 50 years
ago and has since spread to all parts of the
world. The overall trend, although not true
everywhere, has been one of relentlessly-
increasing activity. The general idea of
mathematicians using their skills and imagi-
nation on practical problems has remained
the same but the computer revolution has
led to a vast increase in the number of
study areas; mathematics is the underpin-
ning technology for industry even with the
broader EU definition of industry as ‘any
activity of social or economic value.’

After researchers from China, Europe,
North America, and the Asia-Pacific region
had each described their experiences, a
wrap-up session highlighted common dif-
ficulties and explored ideas to overcome
them. Attendees were unanimous in agree-
ing that industry-driven research can gen-
erate new and exciting mathematics. Yet
they still find that more academic-minded
colleagues require convincing of this fact
and that those working in industry often
need to overcome their fear of academic
mathematics. There are also difficulties in

obtaining funding for what is essentially an
interdisciplinary activity.

Study groups, workshops, industrial
internships, and studentships are some tried
and tested ways of engaging with indus-
try. However, some new twists on how
to make contact emerged. Denmark has
a Rapid Response Team ready to engage
with companies and write a speedy report
whenever a problem arises. The Dutch
invite industrialists to breakfast meetings to
stimulate collaboration at a time convenient
for industry. New Zealanders present the
uses of mathematics at meetings of Rotary
Clubs. In India, YouTube lectures are used
to promote industrial mathematics. The
Irish hold meetings, called A Pint of Maths,
in pubs to emphasise the fun of doing real
problems. A book of success stories, com-
piled by the European Mathematics Society
and published by Springer, is widely used to
show what mathematics can do.!

As one speaker said, “industrial mathe-
maticians have to go out and blow their own
trumpet.” Although mathematicians are not
noted for doing this, it was felt that academ-
ics who wanted to pursue industrial mathe-
matics should be allowed time to make con-
tacts and establish collaborations. An ideal
structure is one in which academics can
concentrate on the mathematical aspects of
a problem — ‘what they do best” — while
collaborating with industrial scientists via
‘technology translators’. Therefore, there is
an urgent need to train such people who can
talk to both mathematicians and industrial
scientists and thus ‘bridge the gap.’

Speakers mentioned various ways of
managing industrial mathematics. The
Spanish have pooled the resources of 36
research groups at 18 universities and estab-
lished a legal entity that works much like

U http://www.springer.com/gb/book/9783
642238475

around the

a consultancy.2 Smith Institute, a not-for-
profit company? in the UK, employs tech-
nology translators who work closely with
academics all over the country. And the
New Zealand government has recently set
up R&D seed funding for joint industrial/
academic projects.*

World

useful skills (while also saving the faculty
members some time!). Another great new
idea is the MPI Fellowship, based on the
Mathematical Problems in Industry work-
shops in the U.S., which supports one or
two students for six weeks in complet-
ing and writing up an industrial project.’

The Mathematics in Industry minisymposia panel at ICIAM 2015: (left to right) the late Yongji
Tan (Fudan University), Zhijie Cai (Fudan University), Ligiang Lu (Fudan University), Huaxiong
Huang (York University, Toronto), Shige Peng (Shadong University), Graeme Wake (Massey
University, Auckland), and Hilary Ockendon (University of Oxford). Not pictured: Professor Jin

Cheng, Chairman.

Much was heard about the positive
results of engaging students and postdocs
in all these activities. The majority of par-
ticipants in many current study groups
are students and companies often use the
events as much for recruitment as for solv-
ing problems. Getting students to write and
present the work of a group teaches them

2 http://www.math-in.net/?q=en/content/
about-us

3 http://www.smithinst.co.uk/

4 https://www kiwinet.org.nz/Investment

Danish students are incentivised by the
offer of credit for attending and taking part
in study groups (as well as by the provision
of free biscuits and beer!). At the Centre for
Industrial Applications of Mathematics and
Systems Engineering in Poland, students
have opportunities to participate in two-
month-long summer internships to work

See Mathematics in Industry on page 12

5 http://www.mathsci.udel.edu/events/
conferences/mpi2015/Pages/MPI-
Fellowship.aspx
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This year-long research program aims to produce a synergy
between mathematics, statistics and operations research to
produce ground breaking advances in:

+ Optimization for large-scale statistical analysis

+ Statistical approaches for the numerical solution of large-scale
optimization problems

+ Applications of optimization

Opening Workshop - August 22-26, 2016 ObsA0|
For details visit http://www.samsi.info/OPT =

2016-17 Program on Statistical, Mathematical and
Computational Methods for Astronomy

This year-long research program focuses on the vast range of statistical and mathematical
problems arising in modern astronomical research, particularly due to the flood of data pro-
duced by both ground-based and space-based astronomical surveys at many wave-bands.

The research areas that form the main ingredients of the program include:

+ Astronomical simulations and big data issues

* Exoplanets

* Functional data analysis

* Gravitational wave astrophysics

* High-performance computing for Bayesian inference and
machine learning

» Lightcurve analysis/time domain astronomy

Opening Workshop - August 29-September 2, 2016
For details visit http://www.samsi.info/ASTRO

Postdoctoral Fellowships available for both programs!

Multiple positions are available for each of the research programs above. The deadline for full consider-
ation 1s December 15, 2015, although later applications will be considered as resources permit.

SAMSI is an AA/equal opportunity employer. All qualified applicants are encouraged to apply, especially women and mem-
bers of minority groups.

To apply, go to mathjobs.org, SAMSIPD2016 Job #7448

SAMSI is soliciting proposals for future research programs. See http:/www.samsi.info/

proposals for further details.
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Erwan Faou Receives SIAM’s Germund Dahlquist Prize

By Jana de Wiljes

Erwan Faou of the research center INRIA
Rennes - Bretagne Atlantique received this
year’s SIAM Germund Dahlquist Prize at
the SciCADE 2015 conference held in
Potsdam, Germany, in September. The prize
committee recognized Faou in particular for
“his excellent research contributions to the
longtime analysis of stochastic differential
equations, to multiscale expansions, and to
molecular simulations. Particularly strik-
ing is his work on geometrical numerical
methods for Hamiltonian partial differential
equations where, like Dahlquist, he relates
stability to local accuracy. Faou’s work is
characterized by a deep insight in both the
mathematical and the physical aspects of
the problem under investigation.”

Faou received his PhD in mathematics in
2000 from University of Rennes 1 in France,
under the supervision of Monique Dauge,
and his Habilitation from the University

of Rennes in 2007. He has been a senior
researcher (first class) at INRIA since 2009
and was awarded the Blaise Pascal prize of
the French Academy of Sciences in 2013.
Sebastian Reich, chair of the SciCADE
scientific committee and recipient of the
Dahlquist Prize in 2003, presented the
certificate to Faou. Faou’s plenary talk,
titled “Geometric Numerical Integration of
Nonlinear Transport Equations,” reviewed
recent results concerning the numerical
integration of equations appearing in fluid
dynamics or plasma physics, their design,
and longtime behavior, building upon recent
results on Landau damping. The Dahlquist
Prize lecture was embedded into seven fur-
ther plenary talks and a rich program of 35
minisymposia and 24 contributed sessions.
The conference attracted over 350 research-
ers from 34 countries who discussed
numerical methods for time-dependent phe-
nomena both in the form of forward and
inverse problems. During the conference,

PhD Student David Hipp received the John
Butcher Prize of the New Zealand branch
of ANZIAM (Australia and New Zealand
Industrial and Applied Mathematics) in
recognition of his excel-
lent conference presenta-
tion. Lukas Einkemmer
received the SciCADE
New Talent Award for
his outstanding publica-
tions on splitting meth-
ods. 14
SciCADE 2015 was |
organized by the |
Numerical ~ Analysis
group at the University |
of Potsdam. Previous |
SciCADE meetings were | |
held in Toronto (2011)
and Valladolid (2013); |
the next is scheduled for |
September 2017 in Bath,
England.

Sebastian Reich (right) presents Erwan Faou (left) with the 2015
Germund Dahlquist Prize. Photo © K. Fritze.

Jana de Wiljes is a postdoctoral

researcher at Universitdit Potsdam. She was
chair of the local organization committee of
SciCADE 2015.
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Institute for Advanced Study
School of Mathematics

The School of Mathematics at the Institute for
Advanced Study in Princeton, New Jersey, has
a limited number of memberships with financial
support for research during the 2016-17 academic
year.

The School frequently sponsors special pro-
grams. However, these programs comprise no
more than one-third of the memberships so that
each year a wide range of mathematics is sup-
ported.

Candidates must give evidence of ability in
research comparable at least with that expected
for the Ph.D. degree, but otherwise can be at any
career stage. Successful candidates will be free to
devote themselves full time to research.

About half of our members will be postdoc-
toral researchers within 5 years of their Ph.D.
We expect to offer some two-year postdoctoral
positions.

Up to 8 von Neumann Fellowships will be
available for each academic year. To be eligible
for the von Neumann Fellowships, applications
should be at least 5, but no more than 15 years
following the receipt of their Ph.D.

The Veblen Research Instructorship is a three-
year position in partnership with the department
of Mathematics at Princeton University. Three-
year instructorships will be offered each year to
candidates in pure and applied mathematics who
have received their Ph.D. within the last 3 years.
Usually the first and third year of the instruc-
torship will be spent at Princeton University
and will carry regular teaching responsibilities.
The second year is spent at the Institute and
dedicated to independent research of the instruc-
tor’s choice. Candidates interested in a Veblen
instructorship position may apply directly at the
IAS website https://application.ias.edu or they
may apply through MathJobs. If they apply at
MathJobs, they must also complete the applica-
tion form at https://applications.ias.edu but do not
need to submit a second set of reference letters.
Questions about the application procedure should
be addressed to applications @math.ias.edu.

In addition, there are also two-year postdoc-
toral positions in computer science and discrete
mathematics offered jointly with the follow-
ing institutions: The Department of Computer
Science at Princeton University, http://www.
cs.princeton.edu, DIMACS at Rutgers, The
State University of New Jersey, http://www.
dimacs.rutgers.edu and the Simons Foundation
Collaboration on Algorithms and Geometry,
https://www.simonsfoundation.org/mathematics-
and-physical-science/algorithms-and-geometry-
collaboration/

School term dates for 2016-17 academic year
are: term I, Monday September 19 to December
16, 2016; term II, Monday January 16, 2017, to
Friday, April 14, 2017.

During the 2016-17 academic year, the School
will have a special program on Homological
Mirror Symmetry, and Paul Seidel from MIT
will be the Distinguished Visiting Professor.
Maxim Kontsevich from IHES will be attend-
ing the program for one month during each of
the fall and spring terms (from mid-October to
mid-November) and for the month of February.
Denis Auroux from UC Berkeley will be attend-
ing for term II.

Homological Mirror Symmetry (HMS) was
initiated by Kontsevich. It benefits from a close
relation with string theory and has developed
into a powerful and versatile idea. During the
program, we will consider the core conjectures

of HMS and its role as a framework within which
wider questions from mirror symmetry and other
parts of mathematics can be studied. This is still
a developing subject, and the program is open to
a variety of approaches and viewpoints.

The intention is that the fall term will have
a greater focus on the core building blocks of
HMS as currently understood: the A-model
theory (Lagrangian submanifolds, holomorphic
curves and therir generalizations), the B-model
theory (derived categories in algebraic geom-
etry) and mathematical interpretations of the
Strominger-Yau-Zaslow approach, including the
Gross-Siebert program. Specific questions of
interest include: the role of singular Lagrangian
submanifolds (such as Lagrangian skeleta); the
effect of instanton corrections on the construction
of mirror manifolds; and the structure of wrapped
Fukaya categories. We will also consider the
interplay between the various algebraic notions
that appear in HMS.

The second term would widen the focus,
allowing space for emerging interactions between
HMS and other areas. Examples are the theory of
Special Lagrangian submanifolds, tropical geom-
etry and non-archimedean analytic geometry, as
well as sheaf-theoretic methods. We also intend
to look at applications of ideas from homological
mirror symmetry to specific classes of manifolds,
such as complex symplectic manifolds and clus-
ter varieties.

There will be two workshops during the spe-
cial program. The term I workshop “homological
mirror symmetry: methods and structures”, will
be held November 7-11, 2016. The term IT work-
shop, “homological mirror symmetry: emerging
developments and applications,” will be held
March 13-17, 2017.

Williams College
Department of Mathematics and Statistics

The Williams College Department of
Mathematics and Statistics invites applications
for two tenure-track positions in statistics, begin-
ning fall 2012, at the rank of assistant professor
(in an exceptional case, a more advanced appoint-
ment may be considered). We are seeking highly
qualified candidates who have demonstrated
excellence in teaching and research, and who
will have a Ph.D. by the time of appointment.
The candidates will become the third and fourth
tenure-track statisticians in the department, join-
ing a vibrant and active statistics group.

Williams College is a private, residential,
highly selective liberal arts college with an
undergraduate enrollment of approximately 2,000
students. The teaching load is two courses per
12-week semester and a winter term course every
other January. In addition to excellence in teach-
ing, an active and successful research program
is expected.

To apply, please send a vita and have three let-
ters of recommendation on teaching and research
sent to the Hiring Committee, Department of
Mathematics and Statistics, Williams College,
18 Hoxsey Street, Williamstown, MA 01267.
Teaching and research statements are also wel-
come. Evaluations of applications will begin on
or after November 15 and will continue until the
position is filled. For more information on the
Department of Mathematics and Statistics, visit
http://math.williams.edu/.

Williams College is a coeducational liberal
arts institution located in the Berkshire Hills of
western Massachusetts with easy access to the
culturally rich cities of Albany, Boston, and New
York City. The College is committed to building

and supporting a diverse population of approxi-
mately 2,000 students, and to fostering an inclu-
sive faculty, staff and curriculum. Williams has
built its reputation on outstanding teaching and
scholarship and on the academic excellence of its
students. Please visit the Williams College web-
site http://www.williams.edu/. Beyond meeting
fully its legal obligations for non-discrimination,
Williams College is committed to building a
diverse and inclusive community where members
from all backgrounds can live, learn, and thrive.

Georgia Institute of Technology
School of Mathematics

The School of Mathematics at Georgia Tech
is accepting applications for faculty positions at
all ranks and in all areas of Pure and Applied
Mathematics and Statistics. Applications by high-
ly qualified candidates, and especially those from
groups underrepresented in the mathematical
sciences, are particularly encouraged. See www.
math.gatech.edu/resources/employment for more
details and application instructions.

Baylor University
Department of Mathematics

The Department of Mathematics invites appli-
cations to fill the Jean and Ralph Storm Chair
of Mathematics. The successful candidate, who
is expected to be at the full-professor level, will
be an excellent mathematician, with national and
international recognition for scholarship, demon-
strated excellence in teaching at the undergradu-
ate and graduate levels and a history of successful,
sustained grantsmanship. This endowed position
provides an annual discretionary research fund
to the successful candidate. Applications in all
areas of mathematics will be considered. Active
research areas in the department are in the general
areas of algebra, analysis, differential equations,
mathematical physics, numerical analysis, com-
putational mathematics, representation theory,
and topology. Several faculty in the department
are engaged in interdisciplinary research with
other departments on campus. Baylor encourages
women, minorities, veterans and individuals with
disabilities to apply. Detailed information about
the department can be found at the http://www.
baylor.edu/math.

To ensure full consideration, complete
applications must be submitted by 02/15/16.
Applications will be reviewed immediately after
this date and will be accepted until the position
is filled.

We encourage all applicants to submit their
materials online at http://www.mathjobs.org/jobs.
Candidates should possess an earned doctorate
in the appropriate field of study. A complete
application includes a cover letter of application
(please refer to the job number BQ 34499), at
least three letters of recommendation, a current
curriculum vitae, original doctoral transcripts,
and a statement of support for Baylor’s Christian
mission (see http://www.baylor.edu/profuturis/),
indicating your religious affiliation and a few
brief statements about your faith. Alternatively,
candidates can arrange for their application
materials to be sent directly to: Dr. Lance L.
Littlejohn, Department of Mathematics, Baylor
University, One Bear Place #97328, Waco, TX
76798-7328.

Baylor University is a private Christian uni-
versity and a nationally ranked research insti-
tution, consistently listed with highest honors
among The Chronicle of Higher Education’s
“Great Colleges to Work For.” Chartered in 1845
by the Republic of Texas through the efforts of

Baptist pioneers, Baylor is the oldest continu-
ously operating university in Texas. The univer-
sity provides a vibrant campus community for
over 15,000 students from all 50 states and more
than 80 countries by blending interdisciplinary
research with an international reputation for
educational excellence and a faculty commitment
to teaching and scholarship. Baylor is actively
recruiting new faculty with a strong commitment
to the classroom and an equally strong commit-
ment to discovering new knowledge as we pursue
our bold vision, Pro Futuris (www.baylor.edu/
profuturis/).

Baylor University is a private not-for-profit
university affiliated with the Baptist General
Convention of Texas. As an Affirmative Action/
Equal Opportunity employer, Baylor is com-
mitted to compliance with all applicable anti-
discrimination laws, including those regarding
age, race, color, sex, national origin, marital
status, pregnancy status, military service, genetic
information, and disability. As a religious edu-
cational institution, Baylor is lawfully permitted
to consider an applicant’s religion as a selection
criterion.

San Jose State University
Department of Mathematics and Statistics

The San Jose State University Department
of Mathematics and Statistics has four Tenure-
Track Assistant Professor openings in Numerical
Analysis, Discrete Applied Math, Computational
Statistics and Mathematics or Mathematics
Education starting August 2016. See the com-
plete position descriptions at http://www.sjsu.
edu/math/employment. PhD required by time
of appointment. For full consideration, submit
all application materials at www.mathjobs.org
by December 1, 2015. SISU is an Affirmative
Action/ Equal Opportunity Employer commit-
ted to the core values of inclusion, civility, and
respect for each individual. A background check
(including a criminal records check) must be
completed satisfactorily before any candidate can
be offered a position with the CSU.

Boston University
Department of Mathematics and Statistics

The Department of Mathematics and Statistics
invites applications for a tenure-track Assistant
Professor level position in Number Theory. Ph.D.
required. The position will begin July 1, 2016.
A strong commitment to research and teach-
ing at the undergraduate and graduate levels
is essential. A complete application will con-
sist of a cover letter, CV, research statement,
teaching statement, four letters of recommen-
dation, at least one of which addresses teach-
ing. Please submit all materials online to math-
jobs.org Alternatively, please have hardcopies
mailed to Number Theory Search, Department of
Mathematics and Statistics, Boston University,
111 Cummington Mall, Boston, MA 02215. The
application deadline December 15, 2015. We are
an equal opportunity employer and all qualified
applicants will receive consideration for employ-
ment without regard to race, color, religion, sex,
national origin, disability status, protected vet-
eran status, or any other characteristic protected
by law. We are a VEVRAA Federal Contractor.

California Institute of Technology
Department of Computing and Mathematical
Sciences

The Computing and Mathematical Sciences
Departmnet (CMS) at Caltech invites applica-
tions for a tenure-track faculty position. Our
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department is a unique environment where
innovative, interdisciplinary, and foundational
research is conducted in a collegial atmosphere.
We will consider candidates in all areas of
computing, broadly defined; research areas of
particular interest include (but are not limited to)
learning and computational statistics, security
and privacy; robotics and autonomous systems;
networked and distributed systems; optimization
and computational mathematics. Additionally,
we are seeking candidates who have demon-
strated strong connections to other fields, includ-
ing the physical, biological, mathematical, and
social sciences.

A commitment to high-quality teaching and
mentoring is expected. The initial appointment
at the assistant-professor level is for four years
and is contingent upon the completion of a
Ph.D. degree in Computer Science, Applied
Mathematics or related field.

To ensure the fullest consideration, applicants
are encouraged to have all their application mate-
rials on file by November 1st, 2015. For a list of
documents required and full instructions on how
to apply on-line, please visit http://www.cms.
caltech.edu/search. Questions about the applica-
tion process may be directed to: search@cms.
caltech.edu.

Caltech is an Equal Opportunity/Affirmative
Action Employer. Women, minorities, veterans,
and disabled persons are encouraged to apply.

Southern Methodist University
Department of Mathematics

Applications are invited for the Clements
Chair of Mathematics (position no. 00050961)
to begin in the fall semester of 2016. The
department is searching for senior scholars with
outstanding records of research in computational
and applied mathematics as well as a strong com-
mitment to teaching, including an established
history of advising doctoral students. We are
seeking candidates whose interests align with
those of the department and who would con-
tribute in a substantial way to the university’s
initiatives in high performance computing and
interdisciplinary research. In addition we expect
the Clements Chair to provide leadership in the
further development of our graduate and under-
graduate programs.

The Department of Mathematics offers grad-
uate degrees in Computational and Applied
Mathematics and includes 17 tenured or tenure-
track faculty researchers, all of whom work
in application areas. Visit http://www.smu.edu/
math/ for more information. To apply send a
letter of application with a curriculum vitae, a
list of publications, research and teaching state-
ments, and the names of three references to:
The Faculty Search Committee, Department of
Mathematics, Southern Methodist University,
P.O. Box 750156, Dallas, Texas, 75275-0156.
The Search Committee can also be contacted by
sending e-mail to mathsearch@mail.smu.edu.
(Tel: (214)768-2452; Fax: (214)768-2355).

Applications received by December 15, 2015
will receive full consideration, but will con-
tinue to be accepted until the position is filled.
A Ph.D. in applied mathematics or a related field
is required. Applicants will be notified when the
search is concluded.

SMU, a private university with active graduate
and undergraduate programs in the sciences and
engineering, is situated in a quiet residential sec-

tion of Dallas. The Dallas-Fort Worth Metroplex
is America’s fourth largest metropolitan area, and
residents enjoy access to world-class cultural and
entertainment activities.

Southern Methodist University will not dis-
criminate in any program or activity on the
basis of race, color, religion, national origin,
sex, age, disability, genetic information, veteran
status, sexual orientation, or gender identity and
expression. The Executive Director for Access
and Equity/Title IX Coordinator is designated
to handle inquiries regarding nondiscrimina-
tion policies and may be reached at the Perkins
Administration Building, Room 204, 6425 Boaz
Lane, Dallas, TX 75205, 214-768-3601, accesse-
quity @smu.edu.

Hiring is contingent upon the satisfactory
completion of a background check.

Vassar College
Department of Mathematics

Vassar College invites applications for an
assistant professor, tenure-track position in
applied mathematics, beginning Fall 2016.
Vassar College is an affirmative action, equal
opportunity employer and applications from
members of historically underrepresented groups
are especially encouraged. Vassar is strongly
committed to fostering a community that reflects
the values of a liberal arts education and to
promoting an environment of equality, inclusion
and respect for difference. Located in the scenic
Mid-Hudson Valley, Vassar College is a highly
selective, residential, coeducational liberal arts
college with about 2400 students.

A PhD in applied mathematics or related field
is required. Candidates should have a strong
record or potential in both teaching and research.
The annual teaching load is four courses in the
first year and five thereafter. The successful
candidate will teach at all levels of the curriculum
and contribute to strengthening our applied offer-
ings. Information about the department and its
faculty can be obtained from the department web
site http://math.vassar.edu.

Applicants should submit a cover letter
explaining their interest in a position at a liberal
arts college and specifically at Vassar, a curricu-
lum vitae, a statement of teaching philosophy,
a description of research accomplishments and
plans, and an unofficial graduate school tran-
script. Applicants should also arrange for at least
three letters of recommendation to be sent, one of
which primarily addresses teaching.

For full consideration, complete applica-
tions should be received by December 1, 2015.
Review of applications will continue until the
position is filled. Candidates should apply elec-
tronically by visiting www.mathjobs.org.

For inquiries, please email Natalie Frank,
Department Chair, (nafrank @vassar.edu).

Texas Tech University
Department of Mathematics and Statistics

The Department of Mathematics and Statistics
at Texas Tech University invites applications for
the position of Department Chair and Professor
beginning fall 2016. The salary will be competi-
tive and commensurate with qualifications and
experience.

Candidates must have demonstrated outstand-
ing vision, leadership, and scholarship, possess
strong commitments to interdisciplinary research
and educational activities, and be a collegial

Positions:

Professorship
Associate Professorship

§) = R B b

Yau/Mathematical/Sciences Center

Yau Mathematical Sciences Center
Tsinghua University, Beijing, China

Distinguished Professorship

motivator and advocate for faculty. A Ph.D. in
mathematics or statistics is required. The success-
ful candidate is expected to work with the fac-
ulty to develop the department under a strategic
vision, foster excellence in research and teaching,
and provide appropriate service to the college,
university, and profession.

The department currently has 45 full-time
faculty members with active research groups in
pure and applied mathematics and statistics. Six
degrees are offered: B.A., B.S., M.A., M.S., and
Ph.D. in Mathematics and M.S. in Statistics, as
well as several interdisciplinary and combined
undergraduate and graduate degrees. For fur-
ther information regarding the Department of
Mathematics and Statistics, please refer to the
department’s website: http://www.math.ttu.edu.

Texas Tech University, located in west Texas
in the city of Lubbock, was founded in 1923. The
student population is 35,000 and is anticipated to
grow to 40,000. Texas Tech is a state-designated
national research university. Its strategic plan
charts a course for becoming a great public
research university by 2020. The university has
the characteristics of a Carnegie-classified doc-
toral granting university with very high research
productivity.

Applicants should apply at http://www.tex-
astech.edu/careers/ using Requisition 4369BR.
Applicants should submit a detailed letter of
application along with a current resumé including
externally-funded research, teaching, administra-
tive experience, publications. and four letters
of professional reference. Questions about the
position and/or the application process can be
directed to mathchairsearch@ttu.edu

Review of applications will begin immedi-
ately. Applications will be accepted until the
position is filled, with those received prior to
November 15, 2015, assured full consideration.

As an Equal Employment Opportunity/
Affirmative Action employer, Texas Tech
University is dedicated to the goal of building a
culturally diverse faculty committed to teaching
and working in a multicultural environment. We
actively encourage applications from all those
who can contribute, through their research, teach-
ing, and/or service, to the diversity and excel-
lence of the academic community at Texas Tech
University. The university welcomes applications
from minorities, women, veterans, persons with
disabilities, and dual-career couples.

Sandia National Laboratories
John von Neumann Post-Doctoral Research
Fellowship

The Center for Computing Research and the
Computer Sciences and Information Systems
Center at Sandia National Laboratories invite
outstanding candidates to apply for the 2016 John
von Neumann Postdoctoral Research Fellowship
in Computational Science. This prestigious post-
doctoral fellowship is supported by the Applied
Mathematics Research Program in the U.S.
Department of Energy’s Office of Advanced
Scientific Computing Research. The fellowship
provides an exceptional opportunity for inno-
vative research in computational mathematics
and scientific computing on advanced comput-
ing architectures with application to a broad
range of science and engineering problems of
national importance. Applicants must have or
soon receive a Ph.D. in applied/computational
mathematics or related computational science and

engineering disciplines. Applicants must have
less than three years of postdoctoral experience.
This appointment is for one year, with a possible
renewal for a second year, and includes a highly
competitive salary, moving expenses and a gener-
ous professional travel allowance.

Sandia is one of the country’s largest research
facilities employing nearly 8,700 people at major
facilities in Albuquerque, New Mexico and
Livermore, California. Sandia maintains research
programs in a variety of areas such as computa-
tional and discrete mathematics, computational
physics and engineering, systems software and
tools. Sandia is a world leader in large-scale par-
allel computer systems, algorithms, software and
applications, and provides a collaborative and
highly multidisciplinary environment for solving
computational problems at extreme scales. Sandia
has a state-of-the-art parallel-computing environ-
ment consisting of advanced architectures, like
the Cielo petascale machine, and numerous large-
scale clusters and visualization servers, including
the 264-TFlop Red Sky cluster and 392-TFlop
Chama Cluster. For more details about the John
von Neumann Fellowship, visit our website at
www.cs.sandia.gov/VN_Web_Page.

To apply for the John von Neumann
Fellowship, please complete the following two
steps: 1) Submit a single PDF file containing your
cover letter, CV, and research statement online at
www.sandia.gov/careers, Job ID 651065. If you
do not receive information regarding the time
line for phone interviews within two weeks after
your application, please contact Denis Ridzal
at dridzal @sandia.gov. 2) Have three letters of
recommendation sent to Denis Ridzal at dridzal @
sandia.gov. Please ask your references to use
“2016 VN Fellowship” as the subject line.

Applications will be reviewed upon receipt.
Complete applications received by December 1,
2015 will receive full consideration; the position
will remain open until filled.

Equal Opportunity Employer. M/F/D/V.

Announcements

Send copy for announcements to: Advertising
Coordinator, SIAM News, 3600 Market Street, 6th
Floor, Philadelphia, PA 19104-2688; (215) 382-9800;
marketing@siam.org. The rate is $1.95 per word (mini-
mum $275.00). Announcements must be received at least
one month before publication (e.g., the deadline for the
January/February 2016 issue is December 4, 2015).
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ENGINEERING & SCIENCES

The Institute for Computational Engineering and Sciences (ICES) at The
University of Texas at Austin is searching for exceptional candidates with
expertise in computational science and engineering to fill
Moncrief endowed faculty positions at the Associate Professor level and
These endowed positions will
environment needed to tackle frontier problems

several

resources and
in science and

provide the

Assistant Professorship
(tenure-track)

The YMSC invites applications for the above positions in the full spectrum
of mathematical sciences: ranging from pure mathematics, applied PDE,
computational mathematics to statistics. The current annual salary range

is between 0.15-1.0 million RMB. Salary will be determined by applicants’
qualification. Strong promise/track record in research and teaching are
required. Completed applications must be electronically submitted, and
must contain curriculum vitae, research statement, teaching statement,
selected reprints and/or preprints, three reference letters on academic
research and one reference letter on teaching (Reference letters must be
hand signed by referees), sent electronically to

msc-recruitment@math.tsinghua.edu.cn

The review process starts in December 2015, and closes by April 30, 2016.

Applicants are encouraged to submit their applications before December
31,2015.

engineering via advanced modeling and simulation. This initiative builds
on the world-leading programs at ICES in Computational Science,
Engineering, and Mathematics (CSEM), which feature 16 research centers
and groups as well as a graduate degree program in CSEM. Candidates
are expected to have an exceptional record in interdisciplinary research
and evidence of work involving applied mathematics and computational
techniques targeting meaningful problems in engineering and science.
For more information and application instructions, please visit:
www.ices.utexas.edu/moncrief-endowed-positions-app/. This is a
security sensitive position. The University of Texas at Austin is an Equal
Employment Opportunity/Affirmative Action Employer.

THE UNIVERSITY OF

TEXAS

———XF A TIN —
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Q & A with AFOSR’s Chuck Matson

SIAM Executive Director Jim Crowley
and SIAM News Editor-in-Chief Hans
Kaper recently chatted with Chuck Matson,
Chief Scientist at the Air Force Office of
Scientific Research. They discussed the
AFOSR’s mission, research funding priori-
ties, and programs and projects that may be
of interest to STAM members and the math-
ematical science community.

How would you define the purpose of the
AFOSR?

The AFOSR’s mission is to discover,
shape, and champion basic research that has
the potential to produce revolutionary new
capabilities for the Air Force. As part of the
Air Force Research Laboratory (AFRL), its
research portfolio covers the entire spec-
trum of the (typically hard) science and
engineering (S&E) of relevance to the Air
Force. The AFOSR controls the entire Air
Force basic research budget.

What is the structure of AFOSR, and
which programs come to mind when you
think of SIAM?

AFOSR has 35 investment portfolios
that cover a wide range of science and
engineering fields. Many of these portfo-
lios invest in mathematical methods. Of
these, Electromagnetics, Computational
Mathematics, Dynamics and Control, and
Complex Networks may be most relevant
to SIAM. We fund applied mathematics
both as an independent discipline and in the
context of application areas.

How does the AFOSR decide what
research to fund?

AFOSR program officers are granted
a significant amount of autonomy to pick
the best research to fund. While each grant
proposal is sent out to be reviewed by exter-
nal reviewers, ultimately each individual
program officer makes the final decision.
Program officers hold program reviews and

invite AFRL and the academic community
to participate, in addition to grantees. We
seek to connect disparate communities who
are interested in a common technology.

How can the individual scientist connect
with AFOSR?

First and foremost, the scientist interested
in connecting with AFOSR should go to
the AFOSR external website (https://com-
munity.apan.org/afosr/default.aspx), which
contains information on how to interact
with AFOSR and the areas that we are
interested in investing in. More specifically,
the AFOSR Broad Agency Announcement
(BAA) available on grants.gov, also avail-
able on the above link, gives interested
scientists all the information they need on
AFOSR interests and how to submit a grant
proposal.

We encourage scientists and engineers
to contact the AFOSR program officers if
they have ideas that fit within the scope
of the AFOSR mission. For example, the
academic community might have ideas
about emerging technologies that have great
potential, or of fundamental research results
that could be relevant to the Air Force mis-
sion. In fact, it is beneficial to contact a
program manager ahead of time rather than
submit a proposal “cold.”

What is AFOSR’s international reach?
AFOSR is committed to international
S&T engagement, seeking to learn about
and invest in the best science around the
world. We have offices in Tokyo, London,
and Santiago so that we can promote aware-
ness, engagement, and relationships with
the international S&T community. Our
international offices also issue grants, but
only to S&Es at international universities.
Our domestic office in Arlington, Virginia,
can also issue grants to international univer-
sities. AFOSR is also forging partnerships
with the NSF to reach out internationally.

Does research sponsored by AFOSR need
to produce a product for the Air Force?

No. AFOSR seeks to invest in research
that advances the state of the art in areas that
have the potential for revolutionary break-
throughs for the Air Force. Sometimes this
approach produces results that are directly
applicable to the Air Force, like improved
space surveillance technologies for real-
world missions. The key requirement for
AFOSR-funded research is that, if success-
ful, the research has the potential to lead
to revolutionary capabilities for the Air
Force. We try to understand from our lead-
ers what capabilities will be needed 20-30
years down the road, and seek research
that will aid that. Our primary desired
outcome for research results is to transition
the knowledge to the rest of the AFRL for
use, if appropriate, in their applied research
programs.

How important are publications?

Very important. We expect good quality
and quantity of publications in the open
peer-reviewed literature resulting from our
funding, and we request that our support be
acknowledged in the publications.

What are some ways to seeks intern-
ships or jobs at Air Force Research
Laboratory?

There are a variety of ways people can
get into AFRL. There is a summer faculty
research program, where faculty members
work at a lab for eight weeks. They can
bring a student with them. There is also
a postdoc program, and there are ways to
intern via summer research programs run
by each lab. Details are available on the
website.

SIAM organizes many conferences in the
course of the year on a variety of topics in
applied mathematics and computational
science. Would you encourage AFOSR

program officers to actively participate
in these conferences?

We encourage our program officers to
attend as many conferences as make sense
for their portfolio development, subject
to the constraints of budgets and govern-
ment conference policies. I recommend that
SIAM members contact AFOSR program
officers directly if they know of a confer-
ence that they think the program officer
would benefit from attending, and even
invite them to give presentations.

Do you have any suggestions on how
SIAM can improve communications
between the AFOSR and SIAM mem-
bers?

If STAM members already have connec-
tions with one or more AFOSR program
officers, I encourage them to work with
them directly. I also encourage SIAM mem-
bers to log onto the AFOSR website and
look at portfolios to determine areas where
SIAM interests overlap with AFOSR inter-
ests, and either contact the program officer
directly, or sign up to attend one of their
program reviews. Mathematics is founda-
tionally important for much of what we do.
I seek to evangelize that. SIAM members
have some great ideas that might be relevant
to portfolios at AFOSR.

Prior to becoming Chief Scientist at
the AFOSR, Chuck Matson spent over
two decades as a research scientist at the
Air Force Research Laboratory (AFRL)
Directed Energy Directorate. Matson has
a master of science in electro-optics and
a PhD in mathematics from the Air Force
Institute of Technology.

Mathematics in Industry

Continued from page 8

on industrial problems; over a period of
10 years, this has led to many follow-up
projects and employment for the students.

Some other noteworthy new ventures
were brought to attendees’ attention:

* Brazil was about to hold its first study
group. This turned out to be very success-
ful, with six problems and over 100 partici-
pants, 80 percent of whom were students.

o The Universiti Teknologi Malaysia-
Centre of Industrial and Applied
Mathematics has been working since 2011
to boost industrial mathematics in Malaysia.
It is anticipated that it will become a nation-
al hub, one part of which will operate simi-
larly to the Smith Institute.

¢ In Japan, the Institute of Mathematics
for Industry in Kyushu University hosted a
national forum in October. This is part of the
recently-formed Asia-Pacific Consortium
for Mathematics for Industry,” which pro-
vides support for neighbouring countries
on the Pacific Rim and is similar to the
European Consortium for Mathematics in
Industry (ECMI) model in Europe.®

* Study groups that focus on a particular
topic often work well. China has found
financial study groups to be especially suc-
cessful and Mathematics in Medicine Study
Groups have become established in the UK
and Canada.

Transcending all these exciting develop-
ments, a dominant theme of the discussion
session was the expansion of network-
ing both for mutual support and to save
on duplication of effort. The European
Consortium for Mathematics in Industry

6 http://www.maths.edu.pl/?q=english
7 http://apcmfi.org/
8 http://ecmiindmath.org/

(ECMI), which was set up in 1987, is now
well established. Two new networks have
been created in Europe; EU-MATHS-IN is
a network of national networks® which has
been created specifically to apply for EU
money, and MI-NET is a network!€ funded
by the EU for four years to hold workshops
and arrange internships and short-term vis-
its. The web allows for uploading project
reports onto a searchable database — a start
on this has been made on the Mathematics
in Industry Information Service,!! which
features much information about study
groups and already contains over 500
reports. Skype meetings are becoming com-
monplace and can be integrated into a study
group so that an expert’s views are easily
accessible.

The last word at the session came from
Professor Tan Yongji who was convinced
that ICIAM will reinvigorate industrial
mathematics in China, which has languished
in the country over the past few years.
The Chinese government is now concerned
about promoting more activity, particularly
with regard to manufacturing, food security,
and medicine. This, together with the enthu-
siasm of young Chinese mathematicians,
will surely mean that industrial mathemat-
ics will grow in China and the whole Asia
Pacific region in the coming years.

We regret to inform our readers about
the recent passing of Professor Tan Yongji.

Hilary Ockendon holds an emeritus posi-
tion in the Oxford Centre for Industrial
and Applied Mathematics and is currently
the Executive Director of the European
Consortium for Mathematics in Industry
(ECMI).

9 http://www.eu-maths-in.eu/index.php
10 http://mi-network.org
I www.maths-in-industry.org

SIAM Conference on Applied
Algebraic Geometry (AG15)
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entrance of the National Institute for Mathematical Sciences (NIMS) building in Daejeon, South
Korea. Photo credit: National Institute for Mathematical Sciences, South Korea.

The SIAM Conference on Applied Algebraic Geometry (AG15), sponsored by the SIAM
Activity Group on Algebraic Geometry, took place in Daejeon, South Korea, in August. A
satellite of the International Congress on Industrial and Applied Mathematics (ICIAM 2015)
held in Beijing the following week, AG15 had an exceptional lineup of plenary speakers,
who covered a broad range of applications of algebra and geometry: coding theory (Judy
Walker and Madhu Sudan), computer algebra (Wolfram Decker), geometric complexity
theory (Ketan Mulmuley), distance minimization and computer vision (Giorgio Ottaviani
and Rekha Thomas), numerical algebraic geometry (Jon Hauenstein), arithmetic geometry
(Minhyong Kim), and the resolution to a long-standing conjecture in matroid theory (June
Huh). The large number of sessions highlighted recurring themes, such as numerical alge-
braic geometry, tensor decomposition, and coding theory.



