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IC1
Social Networks as Information Filters

Social networks, especially online social networks, are
driven by information sharing. But just how much informa-
tion sharing is influenced by social networks? A large-scale
experiment measured the effect of the social network on the
quantity and diversity of information being shared within
Facebook. While strong ties were found to be individu-
ally more influential, collectively it is the weak ties that
wield more influence and provide more diverse information
exposure. This sharing behavior not only generates large
cascades, but can also cause information to evolve. Joint
speaker with the STAM Workshop on Network Science.

Lada Adamic

University of Michigan, Ann Arbor

School of Information, Center for the Study of Complex
Syste

ladamic@umich.edu

IC2

Cost-Minimizing Regulations for a Wholesale Elec-
tricity Market

We consider a wholesale electricity market model with gen-
erators interacting strategically and general networks in-
cluding externalities such as transmission losses. Previous
work shows how mechanisms such as the case when prices
correspond to the Lagrange multipliers of a centralized cost
minimization program allow the producers to charge signif-
icantly more than marginal price. This situation originates
a important regulatory problem. In this presentation we
consider an incomplete information setting where the cost
structure of a producer is unknown to both its competitor
and the regulator. We derive an optimal regulation mech-
anism and compare its performance to the ”price equal to
Lagrange multiplier”.

Alejandro Jofré
Universidad de Chile, Santiago, Chile
ajofre@dim.uchile.cl

IC3
Keeping Ford Green with Mathematics

Scientific societies, universities, research institutes, and
foundations all over the world have banded together to ded-
icate 2013 as a special year for the Mathematics of Planet
Earth. In line with this theme, I will describe how Ford’s
strategic sustainability efforts, as outlined in the Blueprint
for Sustainability, are supported by mathematical models.
I will present examples of these modeling efforts, such as
constructing global energy models, defining CO2 targets
over time, helping fleet customers reduce CO2 emissions,
and developing a future product and technology portfolio
that reduces emissions. Ford is committed to employing
sustainable business processes and developing sustainable
products: it’s not easy being green, but mathematics sure
helps!

Erica Klampfl
Ford Motor Company
eklampfl@ford.com

IC4
Traffic Jams of Self-driven Particles

Jamming phenomena are seen in various transportation
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system including cars, buses, pedestrians, ants and molecu-
lar motors, which are considered as ”self-driven particles”.
We recently call this interdisciplinary research on jamming
of self-driven particles as ”jamology”. This is based on
mathematical physics, and and includes engineering appli-
cations as well. In the talk, starting from the backgroud
of this research, simple mathematical models, such as the
asymmetric simple exclusion process and the Burgers equa-
tion, are introduced as basis of all kinds of traffic flow.
Then it is extended in order to account various traffic phe-
nomena, and the comparison between theory and experi-
ment is given to show that the models are able to capture
fundamental features of observations.

Katsuhiro Nishinari

School of Engineering, The University of Tokyo
PRESTO, Japan Science and Technology Corporation
tknishi@mail.ecc.u-tokyo.ac.jp

IC5
Stochastic Multiscale Modeling

We consider systems that are governed by stochastic
ordinary and partial differential equations (SODEs and
SPDESs), and we will present some effective methods for ob-
taining stochastic solutions. These can be coarse-grained
molecular systems exhibiting multi-rate dynamics and gov-
erned by a very large number of SODEs or continuum mul-
tiscale systems governed by SPDEs. We will present meth-
ods derived from the Mori-Zwanzig framework combined
with PDF evolution equations as well as recent extensions
of generalized polynomial chaos in high dimensions. We
will also discuss various applications in biophysics and in
mesoscopic materials.

George E. Karniadakis

Brown University

Division of Applied Mathematics
george_karniadakis@brown.edu

IC6
The Mathematics of Conservation Decision Making

Species are currently becoming extinct at least 100 times
the background rate. The resources available to save biodi-
versity are inadequate. Consequently we need to optimise
the return on investment from conservation decisions. In
this talk I will show how we have been using optimisation
tools to solve conservation problems such as reserve system
design and allocating funds to threatened species manage-
ment.

Hugh P. Possingham

Department of Mathematics and School of Life Sciences
The University of Queensland

h.possingham@ugq.edu.au

I1C7
Nonlinear Waves and Patterns: Two Examples

Nonlinear waves and patterns are ubiquitous in nature.
Surface waves on rivers, lakes and oceans, cloud patterns
in the air, crystal structures in materials and animal skin
patterns are just a few examples encountered in our ev-
eryday lives. The underlying mathematical problems lead
to nonlinear systems involving ordinary differential equa-
tions or partial differential equations. This talk focuses on
the analysis of two kinds of nonlinear waves and patterns.
Relying upon techniques from the areas of dynamical sys-



AN13 Abstracts

tems and bifurcation theory, we shall discuss, on the one
hand the dynamics of nonlinear water waves, and on the
other hand, the existence of defects, such as dislocations
and grain boundaries, in pattern forming systems.

Mariana Haragus

Laboratoire de Mathematiques de Besancon
Universite de Franche-Comte, France
mariana.haragus@univ-fcomte.fr

IC8
Orthogonal Polynomials and Cubature Rules

Gaussian quadrature rules are important tools for numer-
ical integration. Their nodes are necessarily zeros of or-
thogonal polynomials. Does this relation extend to cuba-
ture (synonym for quadrature in higher dimension) rules
and orthogonal polynomials in several variables? The ex-
tension works in some extend, but the relation becomes far
more complicated in higher dimension. For starter, it is
necessary to consider common zeros of a family of poly-
nomials, or, variety of a polynomial idea, in the language
of algebraic geometry. This talk explains what is known
about zeros of orthogonal polynomials and cubature rules,
mostly restricted to two variables, and it includes several
recent examples that provide efficient numerical integration
rules.

Yuan Xu
University of Oregon
yuan@uoregon.edu

I1C9

Photoacoustic Tomography: Ultrasonically Break-
ing through Optical Diffusion and Diffraction Lim-
its

Photoacoustic tomography (PAT), combining optical and
ultrasonic waves via the photoacoustic effect, provides
in vivo multiscale non-ionizing functional and molecular
imaging. PAT is the only modality capable of imaging
across the length scales of organelles, cells, tissues, and or-
gans with consistent contrast. PAT has the potential to
empower multiscale systems biology and accelerate trans-
lation from microscopic laboratory discoveries to macro-
scopic clinical practice. PAT may also hold the key to the
earliest detection of cancer by in vivo label-free quantifi-
cation of hypermetabolism, the quintessential hallmark of
cancer. The basic principle of PAT and the recent progress
will be covered.

Lihong Wang
Washington University in St. Louis
LHWANG@QWUSTL.EDU

IC10
Dynamics of Near Parallel Vortex Filaments

Techniques have been developed for the phase space anal-
ysis of the dynamics of many model nonlinear Hamiltonian
PDEs. In this talk I will describe some extensions of these
ideas to a problem in fluid dynamics concerning the inter-
action of two near-parallel vortex filaments in three dimen-
sions. In addition, as well as generalizations of this prob-
lem, I will describe a number of promising further applica-
tions of the techniques of Hamiltonian PDEs and nonlinear
evolution problems to other systems in fluid dynamics of

physical significance.

Walter Craig

Department of Mathematics and Statistics
McMaster University
craig@math.mcmaster.ca

IP1
Likelihood-based Climate Model Evaluation

Climate models can be evaluated by comparing their out-
put to observations. Remote sensing data provide new
possibilities for such comparisons because they are spa-
tially and temporally dense enough to go beyond simple
moments and estimate distributions. We evaluate climate
model fidelity to observations by the likelihood that a sum-
mary statistic computed from an observational time series
arises from a sampling distribution of that same statistic
calculated from a given climate model’s time series. We
demonstrate using models from the CMIP5 archive and
observations from NASA’s Atmospheric Infrared Sounder
mission.

Amy Braverman

Jet Propulsion Laboratory
California Institute of Technology
Amy.Braverman@jpl.nasa.gov

P2
Correlation and Causality

While everyone knows Berkeleys 1710 dictum correlation
does not imply causation few realize that the converse cau-
sation does not imply correlation is also true. This conun-
drum runs counter to deeply ingrained heuristic thinking
that is at the basis of modern science. Ecosystems are par-
ticularly perverse on this issue by exhibiting mirage correla-
tions that can continually cause us to rethink relationships
we thought we understood. Identifying causal networks is
important for effective policy and management recommen-
dations on climate, epidemiology, financial regulation, and
much else. Here we introduce a method based on Takens
theorem that can distinguish causality from correlation in
dynamical systems. It is a radically different empirical ap-
proach for leveraging time series information from complex
systems of interacting parts.

George Sugihara

UCSD

Scripps Institution of Oceanography
gsugihara@ucsd.edu

IP3

AMS Invited Presentation: On the Geometry
and Complexity of Solving Systems of Polynomial
Equations

Theoretical computer science has a well developed notion of
complexity. Numerical analysis doesn’t have a comparably
developed theory. In this context Steve Smale included in
his list of problems for the next century: Problem 17: Solv-
ing Polynomial Equations. Can a zero of n-complex poly-
nomial equations in n-unknowns be found approximately,
on the average, in polynomial time with a uniform algo-
rithm? I will describe progress on this problem including
the eigenvalue problem (the answer looks like yes), and the
mathematics employed.

Michael Shub



IMAS, CONICET, Argentina and Graduate School of
CUNY
shub.michael@gmail.com

IP4

Short-Term Renewable Energy Forecasting: Cur-
rent Status, Challenges and Opportunities

The cost of integrating power from variable renewable en-
ergy sources such as wind and solar into electric systems is
strongly linked to the accuracy of short-term (0-48 hours)
predictions. Although forecasts from current approaches
are providing considerable value, they often fail to antic-
ipate critical events in which the energy resource experi-
ences large and rapid changes. The presentation will pro-
vide an overview of the current status of renewable energy
forecasting tools and performance, the key challenges that
must be addressed to increase the value of forecasts and the
near-term opportunities associated with new atmospheric
sensor and modeling technology.

John Zack
MESO, Inc.
john@meso.com

IP5

The Search for a Human Fingerprint in the Chang-
ing Thermal Structure of the Atmosphere

Satellite temperature measurements reveal multi-decadal
tropospheric warming and stratospheric cooling, punctu-
ated by short-term volcanic signals of reverse sign. Sim-
ilar long- and short-term temperature signals occur in
model simulations driven by human-caused changes in at-
mospheric composition and natural variations in volcanic
aerosols. Previous research attempted to discriminate
a human-caused latitude/altitude pattern of atmospheric
temperature change (”fingerprint”) from the background
noise of internal variability. We present the first evidence
that a human fingerprint can also be identified relative to
the larger ”total” noise arising from internal variability,
solar irradiance changes, and volcanic forcing.

Benjamin Santer
Lawrence Livermore National Laboratory
santer1@llnl.gov

SP1

AWM-STIAM Sonia Kovalevsky Lecture: Introduc-
tion to Radar Imaging

Radar imaging is a technology that has been developed,
very successfully, within the engineering community dur-
ing the last 50 years. Radar systems on satellites now make
beautiful images of regions of our earth and of other plan-
ets such as Venus. One of the key components of this im-
pressive technology is mathematics, and many of the open
problems are mathematical ones. This lecture will explain,
from first principles, some of the basics of radar and the
mathematics involved in producing high-resolution radar
images.

Margaret Cheney

Colorado State University

and Naval Postgraduate School
cheney@math.colostate.edu
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SP2

The John von Neumann Lecture: What Sparsity
and 11 Optimization Can Do For You

Sparsity and compressive sensing have had a tremendous
impact in science, technology, medicine, imaging, machine
learning and now, in solving multiscale problems in applied
partial differential equations. 11 and related optimization
solvers are a key tool in this area. The special nature of
this functional allows for very fast solvers: 11 actually for-
gives and forgets errors in Bregman iterative methods. I
will describe simple, fast algorithms and new applications
ranging from sparse dynamics for PDE, new regularization
paths for logistic regression and support vector machine to
optimal data collection and hyperspectral image process-
ing.

Stanley J. Osher

University of California
Department of Mathematics
sjo@math.ucla.edu

SP3
Past President’s Address: Chebfun

Chebfun is a Matlab-based open-source software project
for “numerical computing with functions” based on algo-
rithms related to Chebyshev polynomials. In recent years
developing Chebfun has been my main research activity, to-
gether with the closely linked project of writing the book
Approzimation Theory and Approzimation Practice (STAM
2013). This talk will present some highlights of the Cheb-
fun endeavor and will be followed by a two-part Chebfun
minisymposium.

Nick Trefethen
Oxford University
trefethen@maths.ox.ac.uk

SP4

W. T. and Idalia Reid Prize in Mathematics Lec-
ture: Solvability for Stochastic Control Problems

Some stochastic control problems for continuous time sys-
tems are described where optimal controls and optimal
costs can be explicitly determined by a direct method. The
applicability of this method is demonstrated by examples
including the linear quadratic control problem with the sys-
tem driven by an arbitrary noise process with continuous
sample paths, a controlled Brownian motion in a symmet-
ric space and the linear exponential quadratic Gaussian
control problem. The problems for linear systems can be
modified to allow for equations in an infinite dimensional
Hilbert space that describe stochastic partial differential
equations.

Tyrone E. Duncan
University of Kansas
Department of Mathematics
duncan@math.ku.edu

SP5

I. E. Block Community Lecture: From Razor
Clams to Robots: The Mathematics Behind Bio-
logically Inspired Design

Many natural systems have evolved to perform certain
tasks — climbing, sensing, swimming — as perfectly as pos-
sible within the limits set by the laws of physics. This
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observation can be used both to guide engineering design,
and to gain insights into the form and function of biological
systems. In this talk we will consider both of these themes
in the context of crawling snails, digging clams and swim-
ming microorganisms. We will discover how an analysis of
the physical principles exploited by snails and clams leads
to the development of novel robotic diggers and crawlers,
and explore the role of mathematics in the design, control,
and assessment of unconventional robotic systems.

Anette Hosoi

Massachusetts Institute of Technology

77 Massachusetts Avenue, Room 3-173, Cambridge MA
02139

peko@mit.edu

SP6

James H. Wilkinson Prize Lecture: Interpolative
Decomposition and Novel Operator Factorizations

I will discuss some recent results on developing new factor-
izations for matrices obtained from discretizing differential
and integral operators. A common ingredient of these new
factorizations is the interpolative decomposition for numer-
ically low-rank matrices. As we shall see, these factoriza-
tions offer efficient algorithms for applying and inverting
these operators. This is a joint work with Kenneth Ho.

Lexing Ying

University of Texas
Department of Mathematics
lexing@math.stanford.edu

JP1

Applied and Computational Mathematics for En-
ergy Efficient Systems

Recent advances in the development of sustainable energy
sources have led to an emphasis on energy-supply technolo-
gies and the corresponding mathematical sciences needed
for these technologies. However, energy efficient end-use
technologies may also be viewed as an energy resource.
Since buildings are responsible for 32% of energy consump-
tion and for 26% of end-use C02 emissions, optimizing the
efficiency of a whole building system is a ”grand challenge
control” problem with huge payoffs in the global energy sec-
tor. We discuss mathematical challenges and opportunities
that occur in designing practical controllers for energy ef-
ficient buildings. Examples are presented to illustrate the
ideas.

John A. Burns

Virginia Tech

Interdisciplinary Center for Applied Mathematics
jaburns@vt.edu

CP1

On the Robust Stability of the Hill Equation with
a Delay Term: A Frequency-Domain Approach

The paper considers the problem of robust stability of the
Hill equation with a damping and a time-delay term. An-
alytical results are presented in terms of the coefficients of
the equation. The derivation is based on the frequency-
domain approach, specifically, the geometric interpreta-
tion of the Yakubovich stability criterion for linear time-
periodic. There are two approaches to this interpretation:
One involves analysis of the so-called Lipatov plots and the

other is based directly on the Nyquist hodograph.

Dmitry A. Altshuller
Crane Aerospace and Electronics
altshuller@ieee.org

CP1

Global Dynamics of SEIR Model with Holling Type
IT Incidence Function

The paper presents a model for the transmission dynam-
ics of an arbitrary disease. The model, consisting of four
mutually-exclusive compartments representing the human
dynamics, has a globally-asymptotically stable disease-
free equilibrium (DFE) whenever a certain epidemiological
threshold, known as the basic reproduction number (R,)
is less than unity, in such a case the endemic equilibrium
does not exist. On the other hand, when the reproduction
number is greater than unity, it is shown, using Nonlin-
ear Lyapunov function theory and LaSalle Invariance Prin-
ciple, that the unique endemic equilibrium of the model
is globally-asymptotically stable under certain conditions.
Furthermore, the disease is shown to be persistent when-
ever R, > oo.

Salisu M. Garba
Department of Mathematics
University of Pretoria
Salisu.Garba@up.ac.za

CP1

A Robust Numerical Method for Solving Hiv-
Malaria Co-Infection Model with a Distributed De-
lay

We construct a nonstandard finite difference method for
the numerical solution of an HIV-malaria co-infection
model with a distributed delay. Firstly, we analyze the
continuous sub-models. Based on the qualitative proper-
ties of these models, we construct an efficient numerical
technique. These qualitative properties are further used in
measuring the competitiveness of our numerical method.
Proposed method preserves some essential properties of the
solution which are biologically relevant for the model.

Kailash C. Patidar
University of the Western Cape
kpatidar@uwec.ac.za

CP1

A New Class of Split Exponential Propagation It-
erative Methods of Runge-Kutta Type (sEPIRK)
for Semilinear Systems of ODEs

We propose a new class of exponential propagation iter-
ative methods of Runge-Kutta (EPIRK) type specifically
targeted for problems y'(t) = Ly(t)+N(y(t)) where the lin-
ear operator L is responsible for the stiffness of the system
and N(y(t)) is the nonlinear remainder. Upon construct-
ing specific schemes with desirable qualities, we then turn
to numerical experiments. Through various test problems
we will present comparative performance between these
new EPIRK type methods and previously proposed EPIRK
methods designed for the fully nonlinear right-hand-side

function, y'(t) = f(y(t)).

Greg Rainwater
University of California, Merced
grainwaterQucmerced.edu



Mayya Tokman

University of California, Merced
School of Natural Sciences
mtokman@ucmerced.edu

CP1

Exponential Splitting for Cocycles over Multival-
ued Non-Autonomous Dynamical Systems in Ba-
nach Spaces

As the state space of many dynamical systems that de-
scribe processes from engineering and physics is of infinite
dimension, the approach is appropriate by means of as-
sociated operator families. Therefore, we introduce sev-
eral notions of exponential splitting induced on Banach
spaces by skew-evolution cocycles over multivalued non—
autonomous dynamical systems, as well as various concepts
of dichotomy. Characterizations for these notions and con-
nections between them, underlined by examples and coun-
terexamples, are also provided.

Codruta S. Stoica

Department of Mathematics and Computer Science
Aurel Vlaicu University of Arad, Romania
codruta.stoica@Quav.ro

CP1

Numerical Simulation of A Singularly Perturbed
Harmonic Oscillator

A mass-spring system with a small mass forms a singularly
perturbed damped harmonic oscillator. In a short time pe-
riod, the spring oscillates rapidly and displays a boundary
layer because of the small mass. Then the oscillation be-
comes smooth and it can be approximated in the absence of
the small mass. An adaptive piece-wise uniform numerical
simulation scheme is proposed. The accuracy is achieved
at a high level with a constant mesh points for a family of
singularly perturbed harmonic oscillators.

Weiqun Zhang
Wright State University
weiqun.zhang@wright.edu

CP2

Randomized Dimensionality Reduction in Machine
Learning

We show how certain random sampling and random projec-
tions methods can be used to design efficient dimensional-
ity reduction techniques for three popular machine learning
problems: (i) K-means Clustering, (ii) Canonical Correla-
tion Analysis, (iii) Support Vector Machine Classification.
In all cases, we argue that randomized dimensionality re-
duction is provably efficient.

Christos Boutsidis

Computer Science Department
Rennselaer Polytechnic Institute
cboutsi@us.ibm.com

CP2

Classification and Recognition of Light Scattering
Patterns from Airborne Particles

TAOS is an experimental technique which collects the in-
tensity pattern of LASER light scattered by a single, air-
borne material particle, &~ 1pm in size. An algorithm based
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on feature extraction and linear classification has been de-
veloped and implemented in two stages. In stage one the
classifier is trained and validated by different sets of pat-
terns from reference materials. In stage two the trained
classifier is applied to patterns from bacterial spores and
environmental sampling: pattern recognition occurs by in-
formation fusion. A large data set (> 5,000 patterns) has
been analysed. Bacillus subtilis patterns are discriminated
from those of other materials. Progress will be reported
in the classification of patterns from outdoor sampling and
from confounder materials.

Giovanni F. Crosta, Caterina Casati

Department of Earth- & Environmental Sciences
University of Milan Bicocca
Giovanni_Crosta@uml.edu, caterina.casati@alice.it

Yong-Le Pan, Gorden Videen

U.S. Army Research Laboratory

ADELPHI, MD

yongle.pan.civ@mail.mil, gorden.w.videen.civ@mail.mil

Kevin Aptowicz

West Chester University
WEST CHESTER, PA
kaptowicz@wcupa.edu

Richard Chang

Yale University

NEW HAVEN, CT
richard.chang@yale.edu

CP2

Determining Number of Motifs in Wind Genera-
tion Time Series Data

It is a challenge to schedule wind energy on the power grid
especially when forecasts are inaccurate. Using techniques
from time series analysis, we show how motifs, or frequently
occurring diurnal patterns, in wind generation data can be
used to guide scheduling decisions. We discuss how quality
analysis can be applied to determine the number of motifs
that exist in data from wind farms in Tehachapi Pass and
mid-Columbia Basin.

Ya Ju Fan, Chandrika Kamath
Lawrence Livermore National Laboratory
fan4@llnl.gov, kamath2@IInl.gov

CP2

Convergence and Stability of the Split-Step 60-
Milstein Method for Stochastic Delay Differential
Equations

A new splitting method designed for the numerical solu-
tions of a kind of stochastic delay differential equations
is introduced and analysed. Under Lipschitz and lin-
ear growth conditions, this split-step #-Milstein method is
proved to have a strong convergence of order 1 in mean-
square sense, which is higher than that of existing split-
step f-method. Further, mean-square stability of the pro-
posed method is investigated. Numerical experiments and
comparisons with existing methods illustrate the computa-
tional efficiency of our method.

Qian Guo, Wenwen Xie
Shanghai Normal University
qguo@shnu.edu.cn, xww1988Q@vip.qq.com
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Taketomo Mitsui
Doshisha University
tamitsui@mail.doshisha.ac.jp

CP2

An Integrated ANN Approach to Identify the
Types of Disturbances for An SPC/EPC System

Autocorrelation often results in an increased rate of false
alarms for typical statistical process control (SPC) charts.
To overcome this difficulty, the engineering process control
(EPCQ) is employed to compensate for the effects of autocor-
relation. However, because of the over-control problem of
EPC, it becomes much more difficult to identify the types
of underlying process disturbances. We propose an artifi-
cial neural network (ANN) approach to effectively identify
the types of disturbances for a SPC/EPC system.

Yuehjen E. Shao
Fu Jen Catholic University
stat1003@mail.fju.edu.tw

CP2
A Deeper Look at the ¢!-Graph

We aim to improve current methods of graph construction
for use in dimensionality reduction, clustering, and label
propagation. In particular, we study Cheng, et al.’s “¢'-
graph.” This method simultaneously computes the graph
structure and edge weights by decomposing each data point
as a linear combination of the remaining samples so that
the £!-norm of the coefficients is minimized. We seek fur-
ther theoretical justification for the £'-graph’s experimen-
tal success, as well as improvements to this method through
the framework of block sparsity. Additionally, we aim to
utilize the structure of the dual polytope associated with
the overcomplete data dictionary to reduce the construc-
tion complexity via “warm-starting’ several of the numer-
ous ¢'-minimization problems that must be solved. Time
permitting, we will also discuss the structure of the pro-
duced graph.

Chelsea Weaver
University of California, Davis
caweaver@math.ucdavis.edu

Naoki Saito

Department of Mathematics
University of California, Davis
saito@math.ucdavis.edu

CP3

Efficient Asymptotic Preserving Schemes for Higly
Anisotropic Ellitpic Problems, Application to the
Simulation of the Ionospheric Plasma Disturbances

An Asymptotic-Preserving scheme is introduced for the
approximation of singularly perturbed anisotropic elliptic
equations. This numerical method is designed to offer an
efficiency, with respect to both the precision and the nu-
merical cost, independent of the anisotropy strength. A
class of anisotropic elliptic problems occurring in the sim-
ulation of magnetized plasma and more specifically iono-
spheric plasma disturbances, is addressed to illustrate the
capabilities of the AP-scheme.

Fabrice Deluzet
Institut de Mathematiques

fabrice.deluzet@math.univ-toulouse.fr

Christophe Besse

Laboratoire Paul Painlevé

CNRS et Universite des Sciences et Technologies de Lille
christophe besse jchristophe.besse@math.univ-lille

Anais Crestetto

Institut de Mathématiques de Toulouse
CNRS et Université Paul Sabatier
anais.crestetto@math.univ-toulouse.fr

Pierre Degond
CNRS & Institut de Mathematiques de Toulouse, France
pierre.degond@math.univ-toulouse.fr

Alexei Lozinski

Laboratoire de Mathématiques de Besanon
CNRS et Université de Franche-Comté
alexei.lozinskiQuniv-fcomte.fr

Jacek Narski, Claudia Negulescu
Institut de Mathématiques de Toulouse
CNRS et Université Paul Sabatier
jacek.narski@math.univ-toulouse.fr,
claudia.negulescu@math.univ-toulouse.fr

Chang Yang
University Claude Bernard, Lyon
yang@math.univ-lyonl.fr

CP3
Phase Change at the Nanoscale

Nanoparticles have generated tremendous interest in the
scientific community in the last few decades: they exhibit
unique optical, electrical, and magnetic properties not seen
at the bulk scale. These properties and their size make
them attractive for industrial and biomedical applications.
One form of application, based on the melting process of
nanoparticles, is used in drug delivery or microelectronics.
In this talk, we present a mathematical model describing
the melting of nanoparticles that takes into account the
Gibbs-Thomson effect and the thermal expansion of the
nanoparticles, which turn out to be no-negligible at that
scale. The melting times obtained from our results are in
good agreement with experimental observations.

Francesc Font Martinez, Timothy Myers
Centre de Recerca Matematica
ffont@crm.cat, tmyers@crm.cat

CP3
Virtual Nuclear Reactor Modeling Using Lime

The Lightweight Integrating Multiphysics Environment li-
brary (LIME) is built as an extension to the Trilinos
solver framework to enable generalized multiphysics code
coupling. LIME’s coupling algorithms span fixed-point
coupling, placing no restrictions on models or methods,
through Newton-based coupling, requiring residuals from
participating codes. This talk will present enhancements to
fixed-point based coupling applied to nuclear reactor per-
formance modeling. These enhancements represent various
types of acceleration or mixing methods applied within a
hierarchical multiphysics problem.

Russell W. Hooper
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Sandia National Laboratories
rhoope@sandia.gov

CP3

Upscaling of Microscale Reactive Transport to the
Darcy Scale

We have developed a subsurface simulation capability to
resolve pore scale processes at the microscopic scale (j 10
microns) on a continuum scale domain (1 meter). The
pore scale data can be upscaled to the continuum scale to
obtain heterogeneous values of permeability and reaction
rates. For example, we use a combination of flux weighted
averaging for the velocity and the divergence theorem for
gradient of pressure to obtain a permeability value from
a local pore scale patch that is equivalent to a represen-
tative elemental volume for the Darcy equations. We also
discuss an adaptive modeling technique for fully coupling
the microscopic and macroscopic equations with an AMR
framework where the continuum model is refined to a pore
scale model only in local areas of interest in the domain.

David Trebotich, Sergi Molins
Lawrence Berkeley National Laboratory
treb@lbl.gov, smolins@lbl.gov

CP4

Radial Basis Function (RBF) Approximation Is In-
distinguishable From Hermite Function Interpola-
tion on a Finite Interval: RBFs Without Matrix
Inversion

On a uniform grid, very accurate approximations to Gaus-
sian RBF cardinal functions can be constructed by multi-
plying polynomial cardinal functions by a Gaussian. Using
the Gaussian-times-polynomial basis gives approximations
to a smooth function f(x) which are as accurate as those
of radial basis functions. The new basis is equivalent to
approximation on a finite interval by Hermite functions.
Matrix inversion and the contour Pade and RBF-QR algo-
rithms are unnecessary.

John P. Boyd

University of Michigan

Ann Arbor, MI 48109-2143 USA
jpboyd@umich.edu

CP4

Perturbation of *-Derivations on Fuzzy Banach *-
Algebras

Let A be a Banach *-algebra. A linear mapping 6 : A — A
is said to be a *-derivation on A if 6(ab) = §(a)b+ ad(b) for
all a,b € Aand §(a*) = d(a)” for all a € A. Every bounded
x-derivation § on a C*-algebra arises as an infinitesimal
generator of a dynamical system for R. For several rea-
sons the theory of bounded derivations of C*-algebras is
important in the quantumn mechanics. We establish the
functional equations of *-derivation induced by the Cauchy
equation and the Jensen equation, respectively. And we
also prove the stability of derivations on fuzzy Banach x-
algebras and also prove the superstability of derivations.

Sun Jang
Department of Mathematics, University of Ulsan
jsym@ulsan.ac.kr
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CP4
N Masses on a String

One-dimensional time-harmonic waves interact with N
identical scatterers. We solve this classical problem using
transfer matrices. For a row of N equally spaced scat-
terers, the reflection and transmission coefficients can be
calculated explicitly, using Chebyshev polynomials. Here,
the emphasis is placed on problems where the scatterers
are perturbed from their equispaced positions. Explicit re-
sults are obtained. They are useful in understanding the
construction of effective media for one-dimensional random
media.

Paul A. Martin

Department of Applied Mathematics and Statistics
Colorado School of Mines

pamartin@mines.edu

CP4

On a Representation of Functions of Several Vari-
ables As Superposition of Functions of One Vari-
able and Addition by Using An Algebraic Identity

A theorem is given for representing functions of many vari-
ables as superposition of differentiable functions of one
variable and addition through the use of an algebraic iden-
tity that rewrites a product of n variables as additions of
nth power functions. The relations between this theorem
and Kolmogorov’s superposition theorem are discussed.
Besides, an application of this theorem to piecewise lin-
ear function approximation for a non linear function hav-
ing more than two variables-multiplication terms, is intro-
duced.

Hideaki Okazaki

Dept. of Applied Computer Sciences
Shonan Institute of Technology
okazaki@sc.shonan-it.ac.jp

Hideo Nakano
Shonan Institute of Technology
nakano@sc.shonan-it.ac.jp

CP5

Solving Composite Minimization and Its Applica-
tion to Image Deblurring

We study the following composite minimization problem

min{f(A§),§ € R}, (1)

where A is a matrix and the function f is proper, lower
semi-continuous, convex but not necessarily differentiable.
This problem covers a large range of problems in image
processing, i.e., denoising, deblurring, inpainting. An it-
erative algorithm is proposed to solve the composite mini-
mization problem. Further if the function is separable, an
accelerated variant algorithm is proposed. Each step in
the iterate has closed form and therefore can be efficiently
implemented . Also, convergence of the algorithms can
be guaranteed understand certain conditions. Finally, we
apply the proposed algorithms to solve the L2-TV and L1-
TV deblurring problems. Numerical results show that the
proposed iterative procedures can outperform some state-
of-art algorithm in terms of CPU time and PSNR.

Feishe Chen
Syracuse University
fchen05@syr.edu
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CP5

From Proteins to Cells; Progress in Large Field
Electron Microscope Tomography

In combination with other techniques electron tomography
can provide three dimensional reconstructions of protein
assemblies, correlate 3D structures with functional inves-
tigations at the light microscope level and provide struc-
tural information which extends the findings of genomics
and molecular biology. Because of rapid advances in instru-
mentation and computer-based reconstruction, the routine
imaging of molecular structure in context appears to be
likely within the next few years. We will discuss the inver-
sion of the generalized Radon transform which appears in
the context of EM tomography.

Albert F. Lawrence, Xiaohua Wan, Sebastien Phan, Mark
Ellisman

University of California, San Diego

lawrence @sdsc.edu, bjwxiachua@gmail.com,
sph@ncmir.ucsd.edu, mark@ncmir.ucsd.edu

CP5

Repulsive Random Walk in Automatic Number
Plate Recognition

The Repulsive Random Walk is an exploration algoritm
based on particle swarm models and random walks. The
interaction between the particles and the space formed by
an image are used to detect license plates as part ANPR
system, through which a sample may be obtained proper-
ties of the image elements. The results indicate that it is
a viable method for scanning images.

Yosefat Nava Aleman

Universidad Auténoma de Nuevo Leén
Facultad de Ciencias Fsico-Matematicas
yosefat_001@hotmail.com

CP5

Estimating the Optimal Truncated SVD Filter for
Image Restoration

Image restoration is a challenging inverse problem for
which solutions involving filters have been proposed. In
this work we use statistical analysis and observed proper-
ties of the noise to estimate the optimal parameter for the
truncated SVD filter. The resulting restorations for several
test images compare favorably to those using parameters
estimated through generalized cross-validation (GCV) and
the discrepancy principle and are not much different from
restorations using the true (generally unknown) optimal
parameter.

Viktoria Taroudaki

Applied Mathematics and Scientific Computing Program
University of Maryland

victtar@math.umd.edu

Dianne P. O’Leary

University of Maryland, College Park
Department of Computer Science
oleary@cs.umd.edu

CP5
Medical Imaging Via Slim

Iterative reconstruction (IR) algorithms have attracted sig-
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nificant attention in the medical imaging area for their im-
proved image quality while reducing the radiation dose in
CT X-ray imaging, at the cost of significantly increased
computational complexity. We propose to use the SLIM
algorithm, for the medical image reconstruction. SLIM is
a sparse signal recovery algorithm that has excellent inter-
ference/noise suppression and high resolution properties.
The most attracting property of SLIM is that it can be im-
plemented very efficiently by using the conjugate gradient
(CG) and the fast Fourier transform (FFT). The computa-
tional complexity will be evaluated by comparing with the
benchmarks of the available IR algorithms.

Ming Xue
University of Maryland Medical Center
xueming2002@gmail.com

CP5

Synchrosqueezed Wave Packet Transform for 2D
Mode Decomposition

This paper introduces the synchrosqueezed wave packet
transform as a method for analyzing 2D images. This
transform is a combination of wave packet transforms of
a certain geometric scaling, a reallocation technique for
sharpening phase space representation, and clustering al-
gorithms for mode decomposition. For a function that
is a superposition of several wave-like components satis-
fying certain separation conditions, we prove that the syn-
chrosqueezed wave packet transform identifies these com-
ponents and estimates their instantaneous wavevectors. A
discrete version of this transform is discussed in detail and
numerical results are given to demonstrate properties of
the proposed transform.

Haizhao Yang
Stanford University
haizhao@math.stanford.edu

Lexing Ying

University of Texas
Department of Mathematics
lexing@math.stanford.edu

CP6

Ritz-Galerkin Isogeometrics and Transformation
Optics to Describe Metasolenoid Electromagnetic
Singularities

This is a continuation of the invisibility-cloaking research
presented at the Society for Industrial and Applied Math-
ematics (SIAM) Conference on Partial Differential Equa-
tions November 14, 2011. Principles of finite element anal-
ysis, isogeometrics and transformation optics will be used
to develop a model of a perfectly lensing metasolenoid. The
conjecture is that fields at microwave frequencies are dis-
torted and electromagnetic black hole singularities will be
formed at the boundaries (Ikonen et. al 2005). The Ritz-
Galerkin Method and iosgeoemtric analysis will be used
to evaluate PDEs for the Helmholtz electromagnetic equa-
tions, as well as General Relativity applied to optics and
electromagnetism. Implications include no loss wireless an-
tenna metasolenoids, cloaking and electromagnetic black
hole research, and possible applications in string theory to
describe quantum effects in EM black holes.

Scott M. Little
SunWize Technologies
Northcentral University
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Dan Cervo, Doug Bebb
MAD Fellows LLC
dcervo@madfellows.com, dbebb@madfellows.com

CP6
Electromagnetic XFEM with Weak Discontinuities

In electromagnetic multimaterial problems, surface effects
are critical, as current tends to concentrate on material
surfaces, Lagrangian meshes are often untenable due to
large deformations, leaving Eulerian meshes with a mixture
model as the only option. We present an alternative edge
element extended finite element method based on a tied
Heaviside approach. We prove its equivalence to a body-fit
finite element problem and demonstrate that it retains the
expected order of convergence.

Christopher Siefert
Sandia National Laboratories
csiefer@sandia.gov

Thomas Voth
Sandia National Laboratory
tevoth@sandia.gov

Pavel Bochev

Sandia National Laboratories
Computational Math and Algorithms
pbboche@sandia.gov

CP6

Optimum Experimental Design for Egdm Modeled
Organic Semiconductor Devices

We apply optimum experimental design (OED) to organic
semiconductors modeled by the extended Gaussian disor-
der model (EGDM), see [Pasveer et al., 2005]. We present
an algorithm based on Gummel’s method coupled with
Newton’s method. Automatic differentiation is used to get
derivatives with the required accuracy for OED. We show
that the linearized confidence regions of the mobility pa-
rameters can be reduced significantly by OED, resulting in
new experiments with a different setup.

Christoph Weiler
IWR Heidelberg
christoph.weiler@iwr.uni-heidelberg.de

CcP7

Randomized Matrix Algorithms for Spectral Clus-
tering

Spectral clustering is a class of methods to solve problems
in the fields of machine learning, pattern recognition and
image and mesh processing. They are related or based on
eigenvalues, eigenvectors or eigenspace projections derived
from very large and dense affinity matrices. Eigenproblems
associated with the Normalized k-Cut will here exemplify
that randomized matrix techniques are particularly suit-
able for such computations. Additionally we show how
useful information can be extracted directly from the affin-
ity matrix.

Angelika Bunse-Gerstner
Universitaet Bremen
Zentrum fuer Technomathematik, Fachbereich 3
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CP7
New Results on the Kogbetliantz Method

The Kogbetliantz method is an important tool for comput-
ing the singular value decomposition (SVD) of triangular
matrices. It preserves almost diagonality and triangular-
ity of the starting matrix and is nicely suited for subspace
tracking problem. It can serve as the core algorithm of
block Jacobi methods for the SVD problem of dense ma-
trices using CPU and GPU computations. All known prop-
erties and the new relative accuracy results of the method
will be presented.

Vjeran Hari, Josip Matejas
University of Zagreb
hari@math.hr, jmatejas@efzg.hr

CcP7

A Paradigm of Complex Symmetric Matrices in
Matrix Analysis

A huge expansion of matrix analysis is achieved for non-
defective nonsingular complex symmetric matrices as a
new paradigm especially for physically realizable systems.
Those matrices describe systems with periodic excitations
not included in prior matrix analysis. They are also com-
plex definite and diagonalizable by either complex orthog-
onal similarity or unitary consimilarity. Another paradigm
includes well-known Hermitian matrices existing in physi-
cal systems with random excitations. Symmetry is a criti-
cal factor to understand interwoven theories including con-
similarity.

Gordon E. Martin
retired
gemartin@ieee.org

CP8
Partial Differential Equations Practicum

In this Partial Differential Equations (PDEs) practicum,
we show practical and quick tools for solving linear
and nonlinear PDEs. More specifically, we help you
find analytic solutions to linear PDEs; first order lin-
ear and nonlinear PDEs; and higher order nonlinear
PDEs.  Navier-Stokes, Black-Scholes, Vlasov-Maxwell,
Schrodinger, Poisson, Wave are just some of the PDEs
you can solve. Steve Anglin, Sc.M., Ph.D. (h.c.) of
http://facebook.com/Diffequations is a mathematical en-
gineer and former Case lecturer.

Steve Anglin

DiffEquations.com

Case Western Reserve University
stevemanglin@yahoo.com

CPS8

Image-Driven Inverse Problem for Estimating Ini-
tial Distribution of Brain Tumor Modeled by
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Advection-Diffusion-Reaction Equation

‘We present results for solving an image-driven inverse prob-
lem of brain tumor growth. Our objective is to reconstruct
initial distribution of the tumor in the patient’s brain. Tu-
mor growth is modeled as an advection-diffusion-reaction
equation which is coupled to an elasticity equation model-
ing parenchyma deformation. Our inversion algorithm is an
adjoint-based Newton scheme that requires efficient evalu-
ation and inversion of Hessian operator. We will present
problem formulation, our novel numerical scheme, and re-
sults on a clinical dataset.

Amir Gholaminejad

PhD Student, Institute for Computational Engineering
and Sciences, University of Texas at Austin
a.gholaminejad@gmail.com

George Biros
University of Texas at Austin
biros@ices.utexas.edu

CPS8

‘Wave of Chaos and Pattern Formation in Spatially
Extended Three Species Model Systems

The complex dynamics of two types of tri-trophic food
chain model systems, modeling two real situations of ma-
rine ecosystem, are investigated in this study. The study
has been carried out with the objective to explore and com-
pare the competitive effects of fish and molluscs species be-
ing the top predator, when phytoplankton and zooplankton
species are undergoing spatial movements in the subsurface
water. Wave of Chaos mechanism is found to be the re-
sponsible factor for the pattern formation in one dimension
seen in the food chain ending with top generalist predator.
In the present work, WOC phenomenon is reported for the
first time in literature, in a three species spatially extended
food chain model system. An ecosystem having top preda-
tor as specialist leads to the stability of the system.

Nitu Kumari

Indian Institute of Technology Mandi, Himachal Pradesh
India, 175001

nituism27@gmail.com, nitu@iitmandi.ac.in

CPS8

Mathematical Modeling and Simulation of Biofilm
Dispersal

Biofilm is the community of microorganism which are en-
cased in an extracellular polymeric matrix. The bacte-
rial cells engage in a cell-cell communication called quorum
sensing with which they coordinate their behaviour. Bac-
terial cells can disperse from the biofilm into the aqueous
phase. We study the mathematical model of biofilm dis-
persal with the underlaying mechanisms of quorum sensing
leading to a system of partial differential equation. We in-
vestigate the magnitude and timing of the cell dispersal.

Blessing Uzor

Department of Mathematics and Statistics
University of Guelph

syno28@yahoo.com

Hermann J. Eberl
Dept. Mathematics and Statistics
University of Guelph
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CP9
Nonlinear Gerschgorin Regions and Applications

We consider an extension of Gerschgorin’s theorem to non-
linear eigenvalue problems T'(z)v = 0, where T'(z) =
A — zI 4+ E(z) is a matrix-valued function that is analytic
over some simply connected domain in the complex plane.
As with the conventional Gerschgorin circle theorem for
the linear eigenvalue problem, this nonlinear Gerschgorin
theorem is a useful tool for deriving other eigenvalue local-
ization problems, such as a nonlinear variant of the Bauer-
Fike theorem.

David Bindel
Cornell University
bindel@cs.cornell.edu

CP9

A Non-Gap-Revealing Method for Determining
Numerical Rank

The rank revealing problem arises widely in scientific com-
puting and engineering applications, such as signal process-
ing, information retrieval, numerical polynomial algebra,
and so on. Some of those applications give rise to a large
matrix whose rank or nullity is known to be small apriori.
Several methods have been proposed for this purpose. In
general, they compute a gap-revealing factorization for es-
timating the singular values. In this talk, we will present
a rank-revealing method to deal with large matrices with
low ranks/low nullities by constructing an orthonormal ba-
sis for the subspace of the matrix directly.

Tsung-Lin Lee
National Sun Yat-set University
leetsung@math.nsysu.edu.tw

CP9
Similarity Reduction to Upper Hessenberg Form

Input your abstract, including TeX commands, here. Al-
ternatives previously devised for stable similarity reduction
of real nonsymmetric matrices to low bandwidth Hessen-
berg form rely on bounded gaussian transformations ap-
plied to successive matrix rows and columns. Interaction
of large multipliers limit magnitudes allowed for stabli-
tiy. The new QG algorithm relies primarily on orthogonal
(Householder) transformations with at most one nonzero
element in each row eliminated with a bounded gaussian
transformation. This doubles the flops but leads to less
interaction, thus allowing larger multipliers which yield
smaller bandwidths.

Eugene L. Wachspress
Columbia University
genewac@cs.com

CP9

A Linear Complexity Structured Selected Inversion
for Large Sparse Matrices

We propose a structured method for extracting the diago-
nal of a sparse matrix, using the multifrontal method and
rank structured matrices. The method has nearly O(n)
complexity for some 2D and 3D problems, after the struc-
tured factorization of about O(n) and O(n*/?) flops, re-
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spectively, where n is the size of the matrix. The memory
requirement is also about O(n). In comparison, existing
inversion methods cost O(n'?) in 2D and O(n?) in 3D,
with O(nlogn) and O(n*?) memory, respectively. Also,
our method can quickly extract an arbitrary entry of the
inverse in about O(1) to O(log*n) flops, due to the data
sparsity.

Yuanzhe Xi
Purdue University
yxi@math.purdue.edu
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Department of Mathematics
Purdue University
xiaj@math.purdue.edu

Stephen Cauley

Athinoula A. Martinos Center for Biomedical Imaging
Department of Radiology, Massachusetts General Hospital
stcauley@nmr.mgh.harvard.edu

Venkataramanan Balakrishnan

School of Electrical and Computer engineering
Purdue University

ragu@ecn.purdue.edu

Xijao Liu

Department of Mathematics
Purdue University
liu867@math.purdue.edu

CP10

Optimal Error Analysis of Linearized Backward
Euler Galerkin Fems for Time-Dependent Nonlin-
ear Joule Heating Equations

We study two linearized backward Euler schemes with
Galerkin finite element approximations for the time-
dependent nonlinear Joule heating equations. By introduc-
ing a time-discrete system as proposed in [LI & Sun, Error
analysis of linearized semi-implicit Galerkin finite element
methods for nonlinear parabolic equations, Int. J. Numer.
Anal. & Modeling, 10 (2013), 622-633.], we present uncon-
ditionally optimal error estimates of r-th order Galerkin
FEMs (1 <r < 3).

Huadong Gao

Department of Mathematics, CityU of HK
Kowloon, Hong Kong
mathsgao@yahoo.com.cn

CP10

Combined Finite-Element, Finite-Volume, and Dis-
crete Event Simulation of Structurally Complex
Hydrocarbon Reservoirs

Multiphase flow processes accompanying the production
of structurally complex hydrocarbon reservoirs occur on
vastly different time- and length scales. This impacts reser-
voir simulation to date because global time-stepping strate-
gies are still used. Creation of a direct or indirect depen-
dence on the CFL condition is unavoidable and particu-
larly restrictive when spatially adaptive gridding / flow-
based upscaling is used so that small cells discretize zones
of fast flow. To overcome such limitations, we apply an
asynchronous time-stepping methodology called Discrete
Event Simulation to model reservoir flow. Operator split-
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ting is used for space discretisation, employing the FEM
for parabolic PDE components and FVM for hyperbolic
ones.

Julian E. Mindel, Roman Manasipov, Stephan Matthaei
Montan University of Leoben, Austria
julian.mindel@unileoben.ac.at,
roman.manasipov@unileoben.ac.at,
stephan.matthaei@unileoben.ac.at

CP10

Fourth-Order Mimetic Finite Difference Modeling
of Free Surfaces on Elastic Media

In this work, we apply fourth-order mimetic finite differ-
ences to computationally simulate the wave pattern excited
by a point source located along a flat free surface of a lin-
early elastic and isotropic half plane. The physical free
surface boundary condition represents homogeneous linear
equations satisfied by the traction vector components. This
coupled system of differential equations, elastodynamics in
the interior and Newmann-type boundary conditions, is
discretized on a staggered grid using mimetic finite differ-
ences that provide both, central and lateral stencils, avoid-
ing the location of grid points beyond the physical bound-
aries, and making our numerical implementations memory-
saving.

Otilio Rojas
Universidad Central De Venezueal
rojasotilio@gmail.com

CP10

Gradient-Augmented Schemes for Reinitialization
and Other Hamilton-Jacobi Equations

We demonstrate how the semi-Lagrangian “jet scheme’
framework can be applied to solve certain Hamilton-Jacobi
equations, such as the reinitialization equation that is pop-
ular in the context of level set methods. The resulting
numerical approaches are high order accurate, with an op-
timally local update rule. Information is propagated cor-
rectly along characteristics, even in the presence of shocks.

Benjamin Seibold
Temple University
seibold@temple.edu

CP10

Chebyshev Collocation Methods for Hyperbolic
Balance Laws with Non-Stationary Singular Source
Terms

This work proposes the use of a class of piecewise poly-
nomials compactly supported to approximate the Dirac
delta distribution with the desired order of accuracy and
smoothness, in the numerical solution of hyperbolic bal-
ance laws with this singular source term, using spectral
methods. For spatial discretization is used the spectral
Chebyshev collocation method with Gauss-Lobatto nodes
and the third order total variation diminishing (TVD)
Runge-Kutta scheme for time integration. The accuracy
of the numerical scheme is analyzed for various choices of
the support length, using an approximation to the Dirac
delta with three v