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Plenary Talks
 
1. Sung Ha Kang (Georgia Institute of Technology)
Title: Mathematical approaches to Image Restoration and Segmentation

This talk is an introduction to mathematical approaches to image processing.  Starting from 
Total Variation minimizing denoising, a few variational/PDE-based models in image restoration 
such as deblurring, inpainting and colorization will be presented.  Each of the models will be 
validated with computational results to show the effects.  Image segmentation separates the 
image into different regions to simplify the image and identify the objects easily.  Mumford-Shah 
and Chan-Vese model are one of the most well-known variational models in the field. Starting 
from these models, this talk will include a model segmenting piecewise constant images with 
irregular object boundaries, and consider some features of multiphase segmentation.
 
2.  Chi-Wang Shu (Brown University)
Title: Inverse Lax-Wendroff Procedure for Numerical Boundary Conditions of Hyperbolic 
Equations
 
Abstract: We develop a high order finite difference numerical boundary condition for solving 
hyperbolic Hamilton-Jacobi equations and conservation laws on a Cartesian mesh.  The 
challenge results from the wide stencil of the interior high order scheme and the fact that the 
boundary may not be aligned with the mesh and can intersect the grids in an arbitrary
fashion.  Our method is based on an inverse Lax-Wendroff procedure for the inflow boundary 
conditions.  We repeatedly use the partial differential equation to write the normal derivatives 
to the inflow boundary in terms of the tangential derivatives and the time derivatives (for 
time dependent equations).  With these normal derivatives, we can then impose accurate 
values of ghost points near the boundary by a Taylor expansion.  At the outflow boundaries, 
we use Lagrange extrapolation or least squares extrapolation if the solution is smooth, or 
a weighted essentially non-oscillatory (WENO) type extrapolation if a shock is close to the 
boundary.  Extensive numerical examples are provided to illustrate that our method is high 
order accurate and has good performance when applied to one and two dimensional scalar or 
system cases with the physical boundary not aligned with the grids and with various boundary 
conditions including the solid wall boundary condition. This is a joint work with Ling Huang and 
Mengping Zhang (for the Hamilton-Jacobi equations) and with Sirui Tan (for the time dependent 
conservation laws).
 
 
 
Posters
 
1. Victor Barranca (Rensselaer Polytechnic Institute) 
Title: Compressed Sensing in Retinal Receptive Fields
 
Abstract:  Following the transduction of light into electrical energy in the retina, electrical 
impulses propagate through several neuronal networks of vastly different sizes. For a 
successful mental image reconstruction, however, information regarding the original input 
images must be preserved along even the smallest of neuronal networks downstream. Using an 
idealized mathematical model of the retina, incorporating receptive fields, and a 



static mean-field analytical reduction, we demonstrate firing patterns among ganglion cells can 
be utilized to reconstruct input images. After deriving a linear input-output relation in our model, 
we use compressed sensing as a tool for demonstrating one possible way data is compressed 
in the relatively small downstream neuronal networks of the retina.
 
2. Jessica Beiter  (Rochester Institute of Technology)    
Title: An SIR Approach to Modeling Business Interactions in a Marketplace
 
Abstract: Most people are familiar with the eBay process of purchasing an item then waiting 
for it to arrive on the doorstep days later.  Suppose a person did not have time to wait, but she 
was able to find the item she sought in stock at a local store through an eBay search.  This 
would allow her to purchase the item online then drive to pick it up that same day.  This is the 
idea behind eBay Local, a marketplace of local shops that post their wares for bargain-savvy 
online consumers.  In order to build this network of businesses, salesmen must first contact 
local businesses and encourage them to participate.  Resources are limited however; so eBay 
would like to recruit businesses as much as is possible, through word-of-mouth recruitment.  
We have modeled the recruitment and retention of businesses within the marketplace, based 
on interactions with businesses and monetary incentives.  Our model has a structure similar to 
epidemiological models.  We have applied the model to US cities.
 
3. Zheng Chen (Brown University)
Title: Recovering exponential accuracy from collocation point values of a piecewise smooth 
function with singularities
 
Abstract: Recent work shows that for piecewise analytic function, the Gibbs phenomenon can 
be removed and exponential accuracy recovered up to the discontinuity can be achieved, by 
using a Gegenbauer polynomial post processing procedure. We can do so for a piecewise 
smooth function with singularities. Now using a mapping of variables, we can achieve 
exponentially accurate recovery even to the singularity from some collocation points values, if 
some property of the function near the singularity is given.
 
4. Emily Fagerstrom (SUNY at Buffalo)    
Title: On the nonlinear Schrodinger equation with real singularities
 
Abstract: We revisit the inverse scattering transform for the one-dimensional focusing nonlinear 
Schrodinger equation with zero boundary conditions at infinity.  Explicitly, we study cases in 
which the analytic scattering coefficients admit zeros on the real axis.  We present specific 
examples and discuss the appropriate formulation of the inverse problem, issues of existence 
and uniqueness and the long-time behavior of the solutions.
 
5. Pamela Fuller (Rensselaer Polytechnic Institute) 
Title: Random and regular dynamics of stochastically driven neuronal networks
 
Abstract: Dynamical properties of Integrate-and-Fire neuronal networks with multiple time 
scales of excitatory and inhibitory neuronal conductances driven by random Poisson trains of 
external spikes will be discussed. Both the asynchronous regime in which the network spikes 
arrive at completely random times and the synchronous regime in which network spikes arrive 
within periodically repeating, well-separated time periods, even though individual neurons spike 
randomly will be presented.
 
 



6. Emily Holz (Rochester Institute of Technology)
Title: Settling Dynamics of a Contact Lens
 
Abstract: Studying the settling dynamics of a contact lens over the surface of the eye is of 
great importance to manufacturers; once these dynamics are better understood, the lens can 
be optimized for patient comfort and ocular fit.  A contact lens is subjected to forces from both 
the tear film in which it is immersed as well as those of an eyeblink, and in response, the lens 
bends and stretches.  These forces allow for proper lens centration, and they create the suction 
pressure responsible for keeping the lens on the corneal surface.  In our work, we coupled fluid 
and solid mechanics to determine the most prominent forces acting on the lens.  The ultimate 
goal of the project was the formulation of a mathematical model that predicted the changes in 
pressure distribution and lens shape over time, allowing us to explore the role of the different 
forces in influencing centering and lens fit.  This model's results facilitated the development of 
an in vitro experiment to further study the effects of contact lenses on overall ocular health.
 
7. Daniel Kraus (SUNY Buffalo)   
Title:  On the defocusing Manakov system with non-zero boundary conditions
 
8.  Benjamin Liu  (Rochester Institute of Technology)
Title: A mechanistic explanation for extreme sensitivity to initial conditions in the development of 
cardiac arrhythmias
 
Abstract: Cardiac arrhythmias are dangerous disruptions in the normal beating of the heart 
that impair its ability to pump blood. Arrhythmias often lead to death if not terminated through 
defibrillation. The study of cardiac electrophysiological processes is of vital importance to 
understanding and treating cardiac arrhythmias and other life-threatening heart-related 
disorders. Cardiac arrhythmias can be generated through irregularities in the heart tissue or 
may arise through regular cardiac dynamics. One widely studied pro-arrhythmic phenomenon 
is electrical alternans, a period-doubling bifurcation of cardiac cell dynamics that is observed at 
fast heart rates.
 
Recently, unexplained phenomena relating to electrical alternans have been observed in 
experiments.  These findings indicate that the dynamics of cardiac tissue may be extremely 
sensitive to initial conditions. The precise mechanism that causes this phenomenon is unknown, 
but one hypothesis is that intracellular calcium dynamics – referred to as calcium cycling – may 
be the cause. In our research we investigate this hypothesis by implementing a mathematical 
model for cardiac cells that incorporates calcium cycling. We attempt to reproduce the 
experimental findings through computer simulation of cardiac tissue under protocols similar to 
those used in experiments.  Positive results will strengthen the hypothesis that calcium cycling 
is the mechanism behind these experimentally observed phenomena.
 
9. Yang Yang (Brown University)
Title: Angular distribution of Lyα resonant photons emergent from optically thick medium
 
Abstract: We investigate the angular distribution of Lyα photons transferring in or emergent from 
an optically thick medium. Since the evolutions of specific intensity I in the frequency space and 
the angular space are coupled from each other, we first develop the WENO numerical solver in 
order to find the time-dependent solutions of the integro-differential equation of I in the space 
of frequency and angular simultaneously. We show first that the solutions with the Eddington 
approximation, which assume I to be linearly dependent on the angular variable µ, yield similar 
frequency profiles of the photon flux as that without the Eddington approximation. However, the 



solutions of the µ distribution evolution are significantly different from that given by Eddington 
approximation. First, the angular distribution of I are found to be substantially dependent on 
the frequency of photons. For photons with the resonant frequency ν0 , I contains only a linear 
term of µ. For photons with frequency at the double peaks of the flux, the µ-distribution is highly 
anisotropic, in which most photons are in the direction of radial forward. Moreover, either at ν0 
or at the double peaks, the µ distributions actually are independent of the initial µ distribution of 
photons of the source. This is because the photons with frequency either of ν0 or of the double 
peaks have undergone the process of forgetting their initial conditions due to the resonant 
scattering.
 
Standard Talks
 
1. Emaan Abdul-Majid  (Rensselaer Polytechnic Institute)
Title: Exploring the 3D Effects of Iris Deformation
 
Abstract: We use the principles of biomechanics in order to design a biologically tenable 
model that explores the three-dimensional effects of iris deformation. Current iris biometric 
algorithms assume a simple transformation to approximate the planar deformation of the iris 
tissue. Furthermore, recent work on iris deformation only explores the planar effects of the 
deformation, which does not include the three-dimensional effects of the iris tissue caused 
by the thickness of the iris. Examining the three-dimensional effects of the iris tissue provides 
a more comprehensive understanding of iris deformation. The results of this work can be 
potentially leveraged into existing iris biometric systems.
 
2. David Bindel    (Cornell University)    
Title: From Networks to Numerical Linear Algebra
 
Consider the following simple model of opinion formation in a social network: each individual's 
expressed opinion is a weighted average of her fixed intrinsic beliefs and the opinions being 
expressed by her peers.  Alternatively, we can pose this game-theoretically: every individual is 
trying to adjust his opinion to optimize a weighted sum of squares of differences between her 
opinion and her intrinsic beliefs and between her opinions and the opinions of neighbors.  In 
this setting, what will be the mean opinion at Nash equilibrium?  How does the total social cost 
at equilibrium compare to the optimal cost achievable?  How much does the weight with which 
one person values a friends opinion affect the set of opinions held by the population at large?  
We provide a linear algebraic characterization that addresses all of these questions. This is joint 
work with Sigal Oren and Jon Kleinb
 
3. Gino Biondini  (SUNY Buffalo)    
Title: Discrete and continuous nonlinear Schrodinger equations with linearizable boundary 
conditions
 
4. Debananda Chakraborty (Virginia Intermont College)                 
Title: Nonlinear Schrodinger equation with the derivative(s) of the δ-function as a singular 
source
 
Abstract: We consider the nonlinear Schrodinger equation (NLSE) with derivative(s) of the δ-
function as a source term. The soliton interaction with such a singular potential yields a critical 
behavior. That is for the given value of the potential strength and the soliton amplitude, there 
exists a critical velocity of the initial soliton solution, around which the solution is either trapped 



by or reflected or transmitted through the potential.  In this research we studied in details with 
higher order derivatives of δ-function as a source term and demonstrate the reflection, trapping 
and transmission of the soliton through the potential. We used higher-order split step Fourier 
schemes for solving the NLSE.
 
5. Noel Chalmers  (University of Waterloo)   
Title: Relaxing the CFL number of the discontinuous Galerkin method through flux modifications.
 
Abstract: We propose a family of high order methods for the solution of hyperbolic conservation 
laws which are based on the discontinuous Galerkin (DG) spatial discretization. These schemes 
are obtain through modifications to the numerical flux of the DG method. In the standard DG 
method, the dispersion and dissipation errors and the spectrum of the semi-discrete scheme 
are related to the $[\frac{p}{p+1}]$ Pad\'e approximants of $\exp(z)$ and $\exp(-z)$. These 
Pad\'e approximants are responsible for the superconvergent $\mathcal{O}(h^{2p+2})$ and 
$\mathcal{O}(h^{2p+1})$ errors in dispersion and dissipation, respectively, and the restriction 
of the CFL number when increasing the order of approximation, $p$. By modifying the DGM 
we obtain different rational approximations of the exponential, thereby sacrificing some of the 
superconvergence of the method, and construct new schemes which allow larger time steps 
than the original DGM while having the same order of convergence in the $\mathcal{L}^2$ 
norm. The schemes preserve the attractive properties of the usual DGM, such as the high order 
accuracy and compact stencil.
 
6.  Feishe Chen (Syracuse University)
Title: Proximity Algorithms for Total Variation Models
 
Abstract: In this talk, I will present my recent work on solving a general problem of the following 
form:
\begin{equation}
\min_{x\in \mathbb{R}^n}\{F(x)=f_{1}(\mathcal{A}_{1}x)+f_{2}(\mathcal{A}_{2}x)\},
\label{general_problem_intro}
\end{equation}
where $\mathcal{A}_{i},i=1,2$ are some matrices and $f_{1}, f_{2}$ are proper, l.s.c., convex 
functions. This general problem covers a large range of problems in image processing, i.e., 
denoising, deblurring and so on.
Different from some existing work, this work does not impose assumption on the property of 
the matrices and the boundary extension of the data theoretically.  To find a solution to this 
general problem,  iterative algorithms have been developed. In each iterate, every update of the 
variables has closed form and can be efficiently computed as long as the proximity operators of 
$f_{1}, f_{2}$ and the matrix-vector multiplication can be computed fast.  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 recover the underlying 
images with competitive quality but consumes less CPU time compared to some state-of-art 
algorithm.
 
7. Qian-Yong Chen (UMass Amherst)    
Title: Fast Algorithm for Computing Karhunen-Loeve Expansion of Stationary Processes
 

Abstract: The truncated Karhunen-Loeve expansion gives the least error in the mean square 
sense. But its computation could be costly. We propose an algorithm in which the stationary 
correlation function is directly approximated with orthonormal Legendre polynomials. A fast 



algorithm is achieved by separating x- and y- variables in the correlation function. For non-
separable correlation functions, the singular value decomposition is computed so that the 
correlation function can be approximated by the sum of separable functions.
 
8. Zachary Clawson (Cornell University)    
Title: Domain restriction techniques for single-source/single-target optimal trajectory problems
 
Abstract: A large class of optimal control problems require efficient methods for solving static 
Hamilton-Jacobi-Bellman PDEs. Classical algorithms on graphs have helped develop efficient 
methods in continuous optimal control. For optimality on graphs, the techniques to restrict the 
computational domain are well-known.  We consider similar domain restriction techniques for 
continuous optimal trajectory problems.  Unlike in the discrete case, this results in additional 
errors depending on grid size and the aggressiveness of restriction. We explore computational 
efficiencies and accuracy of both pre-existing and newly introduced techniques. We expect 
these methods to be particularly useful for higher-dimensional problems, in which refining the 
mesh in the entire domain is prohibitively costly.
 
9. Erin Cleary  (University of Guelph)
Title: The Correct Way to Simulate Pattern Formation in Reaction-Diffusion Equations
 
Abstract: A large body of current literature in developmental biology, chemistry and applied 
mathematics focuses on the investigation of diffusion-induced instability (‘Turing mechanism’) 
in coupled reaction diffusion equations. The solutions of these systems must often be analyzed 
numerically, the standard approaches being finite difference or finite element methods. 
Diffusion-induced instability occurs when a spatially homogeneous solution satisfying the 
coupled, corresponding, ordinary differential equations becomes linearly unstable with the 
presence of diffusion. In order to converge to a spatially non-homogenous steady state the 
spatially homogeneous solution is randomly perturbed at every point on the computational grid, 
which allows the Turing mechanism to kick-in. As a result, reproducibility of solutions becomes 
an issue and one cannot demonstrate convergence to a true solution. This is problematic 
since the resulting patterns are sensitive to initial conditions and numerical schemes may 
often converge to spurious solutions. In order to circumvent the aforementioned problems we 
propose to perturb the homogeneous steady state by a Fourier series with randomly determined 
coefficients. We also categorize sensitivity of the resulting Turing patterns to the randomly 
determined coefficients and the number of terms in the series
  
10. Matthew Dobson (UMass Amherst)    
Title: Generalized K-R Boundary Conditions for Steady Nonequilibrium Flow
 

Nonequilibrium molecular dynamics (NEMD) are widely employed in the study of molecular 
fluids under steady, homogeneous flow.  In order to have boundary conditions that are 
consistent with a constant flow field $\nabla \mathbf{u} = A,$ it is necessary that the unit cell 
deforms with the flow.  Depending on the orientation of the unit cell relative to the flow, the cell 
can become quite deformed with periodic replicas of an atom approaching one another, leading 
to numerical instability.  This gives a limit on the duration of the numerical simulation. This talk 
will provide a brief introduction to NEMD and will describe the K-R boundary conditions which 
prevent these instabilities for planar flow by controlling the total deformation of the unit cell for all 
times.  We will describe a generalization of this to non-defective 3D flows.
 
11. Kimberly Fessel   (Rensselaer Polytechnic Institute) 
Title: A Mathematical Model for the Nonlinear Biomechanics of the Inner Ear



   
Abstract: Mammalian hearing relies on several complicated processes for successful sound 
detection including mechanotransduction of traveling waves within the cochlea.  Linear 
math models can be used to predict basic cochlear mechanics; however, many significant 
nonlinearities exist in the traveling wave and have not been explained.  Experimentalists 
now point to outer hair cell activity as the primary source of these nonlinearities.  In this 
work, a mathematical model of cochlear biomechanics is developed to describe the inner 
ear’s nonlinear behavior.  Coupled equations of motion for the fluid pressure and the basilar 
membrane displacement are utilized in conjunction with a formulated model for outer hair cell 
electromotility.  Once the comprehensive model is established, a hybrid numerical method is 
used to solve the problem
 
 
12. Marty Fuhry  (University of Waterloo)
Title: Discontinuous Galerkin methods on Graphics Processing Units
 
Abstact: The Discontinuous Galerkin (DG) method has become popular in a wide range of 
problems due to their high-order accuracy and flexibility. In addition, DG methods handle 
finite elements independently, allowing for parallelization. While most high-performance 
computers cost thousands of dollars, recent developments in low-cost graphics processing units 
(GPUs) have reintroduced high performance computing to the masses. The current availability 
of software architectures such as CUDA have made programming GPUs much easier. 
We implement a DG method in CUDA using NVIDIA GPUs. We show example problems, 
specifically of the Euler equations, over unstructured meshes in two dimensions. We describe 
the algorithm, including memory management, data coalescion, and program structure.
 
 
13. Clarissa Garvey    (Rochester Institute of Technology)    
Title: Nonrigid Registration of 3D Medical Images using Fractional Partial Differential Equations
 
Abstract: Image registration is used in medical imaging to compare images of the same 
structure that are captured at different times, with different modalities, or both. In clinical 
situations where the structure is deformed, nonrigid image registration can be performed by 
solving an inhomogeneous diffusion equation. Recent research proposed use of a fractional 
diffusion equation (FDE) for solving the nonrigid registration problem. However, the research 
used simplistic assumptions in its methods for numerically solving the FDE. This research 
uses standard discretizations of the fractional Laplacian operator combined with Fourier 
transformation based approaches to efficiently solve the FDE. The resulting process was 
implemented in MATLAB and incorporated into an existing nonrigid image registration program. 
The algorithm was validated using 3D magnetic resonance breast images.
 
14. Yufang Hao (University of Waterloo)
Title: A Generalized Sampling Theorem for Time-Varying Bandwidth
       
The classical sampling theory provides an important equivalence between continuous and 
discrete representations of information. It states that any bandlimited function can be perfectly 
reconstructed by the sinc reconstruction kernel from its values on a set of points
with an equidistant spacing 1/(2B) . The constant B is the bandwidth defined through Fourier 
transform. The equidistant nature of Fourier analysis makes it difficult to generalize the classical 
sampling theorem for signals with time-varying information densities. Here we provide a new 
formulation of sampling theory, based on functional analysis. This results a new reconstruction 



kernel, which shares many important properties of the sinc kernel, but has generally non-
equidistantly zeros. The sinc kernel has been widely used to approximate non-bandlimited 
functions. In an example of approximating a step function, the new sampling kernel shows 
advantages over classical sinc kernel by strongly reducing the Gibbs' type of overshoot.
 
 
15. Tony Harkin (Rochester Institute of Technology)
Title: Nonlinear Dynamics of Nonspherical Bubbles
 
 
16. Christoffer Heckman (Cornell University)    
Title: Dynamics of Microbubble Oscillators with Delay Coupling
 
Abstract: Two vibrating bubbles submerged in a fluid influence each others' dynamics via sound 
waves in the fluid. Due to finite sound speed, there is a delay between one bubble's oscillation 
and the other's. This scenario is treated in the context of coupled nonlinear oscillators with a 
delay coupling term. It has previously been shown that with sufficient time delay, a supercritical 
Hopf bifurcation may occur for motions in which the two bubbles are in phase. In this work, 
we further examine the bifurcation structure of the coupled microbubble equations, including 
analyzing the sequence of Hopf bifurcations that occur as the time delay increases, as well as 
the stability of this motion for initial conditions which lie off the in-phase manifold. We show that 
in fact the synchronized, oscillating state resulting from a supercritical Hopf is attracting for such 
general initial conditions.
 
17. Jae-Hun Jung (SUNY Buffalo)
Title: Finite Fourier Frame Approximation Using the Inverse Polynomial Reconstruction 
Method
 
Abstract: In applications such as Magnetic Resonance Imaging (MRI) or Synthetic Aperture 
Radar (SAR), data is collected in the frequency (Fourier) domain non-uniformly, either by 
design or as a consequence of inexact measurements. The two major bottlenecks for image 
reconstruction from non-uniform Fourier data are (i) there is no obvious way to perform the 
numerical approximation, as the non-uniform Fourier data is not amenable to fast transform 
techniques and resampling the data first to uniform spacing is often neither accurate nor 
robust; and (ii) the Gibbs phenomenon is apparent when the underlying function (image) is 
piecewise smooth, an occurrence in nearly every application. Some recent investigations 
suggest that it may be useful to view non-uniform Fourier data as a finite sampling of Fourier 
frame coefficients when designing reconstruction algorithms that attempt to mitigate these 
fundamental problems. However, constructing the inverse Fourier frame operator needed for 
the Fourier frame approximation is often costly and the construction algorithm may not even 
converge. The inverse polynomial reconstruction method (IPRM) was developed to resolve 
the Gibbs phenomenon in the reconstruction of piecewise analytic functions from spectral 
data, notably Fourier data. This presentation demonstrates that the IPRM is also suitable for 
approximating the finite inverse Fourier frame operator as a projection onto the weighted L2 
space of orthogonal polynomials. Moreover, the IPRM can also be used to remove the Gibbs 
phenomenon from the Fourier frame approximation when the underlying function is piecewise 
smooth. The numerical results presented here demonstrate that using the IPRM in this way 
yields a robust, stable, and accurate approximation from non-uniform Fourier data.
 
18. Christina Lee (The College of New Jersey)    
Title: Patterns in an Excitable Neuronal Network



 
Abstract: This talk describes a study of spiral- and target-like waves traveling in a two-
dimensional network of integrate-and-fire neurons with close-neighbor coupling.  The individual 
neurons are driven by Poisson trains of incoming spikes.   Each wave nucleates as a result 
of a fluctuation in the drive.  It begins as a target or a spiral, and eventually evolves into a 
straight ""zebra""-like grating.  Some of the waves contain defects arising from collisions with 
other waves.  The wavelength and wave speed of the patterns were investigated, as were the 
temporal power spectra of the oscillations experienced by the individual neurons as waves were 
passing through them.
 
 
19. Kim Levere   (University of Guelph)
Title: An inverse problem for the nonlinear Gao beam
 
Abstract: A goal of many inverse problems is to find unknown parameter values,
$\lambda\in\Lambda$, so that the given observed data $u_{\mathrm{true}}$ agrees well with 
the solution data produced using these parameters $u_\lambda$. That is, the inverse problem 
seeks the solution to the minimization problem \[\min_{\lambda\in\Lambda}\|u_{\mathrm{true}}-
u_\lambda\|,\]  where $\|\cdot\|$ is some appropriate norm. Unfortunately finding $u_\lambda$ in 
terms of the parameters of the problem may be a difficult or even impossible task. Further, the 
objective function may be a complicated function of the parameters $\lambda\in\Lambda$ and 
may require complex minimization techniques. In recent literature, the collage coding approach 
to solving inverse problems has emerged. This approach avoids the aforementioned difficulties 
by bounding the approximation error above by a more readily minimizable distance, thus making 
the approximation error small. In this talk we explore a time dependent collage method for 
hyperbolic problems. We apply this method to a hyperbolic problem that models the ``Gao 
beam’’;  a nonlinear beam model that incorporates the possibility of buckling of a beam under a 
load. We explore an inverse problem that seeks the flexural rigidity of the beam and present and 
discuss the results.
 

20. Yanheng Li (Rensselaer Polytechnic Institute)      
Title: Convergence Analysis of A Dynamics-based Dense Random Sphere Packing Algorithm
 

Abstract: There are many engineering applications for densely and randomly packed  spheres, 
such as granular flow study and modeling of packed bed reactors. In previous work, a dynamics-
based collective approach, the Quasi-Dynamics Method (QDM), has been proposed to generate 
densely distributed spheres in an  container. However, the convergence study of QDM, 
especially theoretical analysis, has not been fully addressed. In this work, a preliminary 
theoretical convergence analysis via projection gradient method is proposed. Although a small 
convergence domain and convex boundary is assumed in the theoretical analysis, the 
numerical results demonstrate that QDM has a large domain of stability and convergence 
withinin either convex or non-convex container,  which makes QDM an capable random sphere 
packing algorithm for various engineering applications.      
 
21. Chao Liang (Rensselaer Polytechnic Institute)
Title:  Chord Length Sampling Method for Radiation Transport in 3-D Stochastic Media
 
Abstract: Radiation transport computation in 3-D stochastic media has been of interest to many 
scientific and engineering communities for the past two decade. In scientific and engineering 
systems, the stochastic distribution of the microsphere particles, has been demonstrated to 
strongly influence the radiation transport behavior and must be accounted for in the radiation 



transport computation. However, existing computation models were developed for dealing with 
deterministic position data and often assuming that the media are homogeneous. These models 
have led to accuracy or efficiency issues in practical applications. To better predict radiation 
transport in 3-D stochastic media, fast and accurate methods that account for the random 
mixtures in systems are needed. The chord length sampling (CLS) method is a Monte Carlo 
sampling technique that can mitigate the brute force computation burden in the conventional 
Monte Carlo simulation. By sampling the next medium particle on the fly based on a chord 
length PDF, medium particles are not necessarily explicitly modeled and only one particle’s 
position is stored during the random walk simulation of the radiation. New mathematical 
derivations of sampling PDFs for chord length between particles, particle type and particle size 
are developed in the new computational model.   
 
22. Jayanth Jagalur Mohan (Rensselaer Polytechnic Institute)   
Title: A PML based domain decomposition method for the time-harmonic Maxwell's equations
 
Abstract: The performance of non-overlapping domain decomposition methods in the context 
of wave-propagation problems is mainly dependent on the transmission operators used 
across interfaces. Perfectly matched layers (PML), which are good approximants for an 
exterior Dirichlet to Neumann (DtN) map, can be utilized to mimic psuedo-differential interface 
conditions. PML's help capture the outgoing wave from one sub-domain, which is enforced as 
an incoming wave to the corresponding adjacent neighbor. A simple, and efficient method can 
be constructed using this approach. We discuss the relevant variational formulation and provide 
preliminary numerical results for a 1-D partitioning scheme.
 
23. Kam Ng (Eastman Kodak Company)   
Title: Liquid Bridge with Dynamic Contact Lines
 
Abstract: We will use liquid bridge to study liquid transfer between parallel plates.  The liquid 
bridge is assumed to be axis symmetric and can be modeled by one-dimensional dynamical 
equations.  The contact line movement on the plates is modeled by the dynamic contact angles 
of Dussan.  Discussion of the dependence of viscosity, contact angles and pulling speed will be 
presented
 
24. Colin Ponce (Cornell University)   
Title: Identifying power line failures with fingerprint subspaces.
  
Abstract: A common problem in electric power networks is dealing with power line failure due to 
events such as storms and fallen tree branches. Often, local electric distribution networks lack 
sufficient monitoring equipment to easily identify the failed line, making recovery slow and 
difficult. In this talk, we show how new smart grid sensing technology can be used to identify 
failed lines without widespread deployment of extra monitoring equipment. When a line fails, the 
linear algebraic equations that model power flow through the grid undergo a low-rank change 
that is unique to the line that failed. This results in an approximate ""fingerprint"" subspace 
associated with each line. Identifying the failed line then entails finding the fingerprint that most 
closely matches the observed changes.
 
25. Michael A. Radin (Rochester Institute of Technology)
  On the Boundedness and Convergence Nature of Solutions on a System of Rational 
Difference in the form:
$$
\left



\begin{array}{ll}
& x_{n+1} = \frac{ \alpha_{1} }{ x_{n} + y_{n} }\\
\\
& y_{n+1} = \frac{ \alpha_{2} + y_{n} }{ B_{2}x_{n} + y_{n} }\\
\end{array}
\right\}, \ \ \ n=0,1,\ldots
$$
with Applications in Mathematical Biology such as Beverton Holtt Model, Pelou's Equation, and 
others.
 
 
26. Matthew Reyna    (Rensselaer Polytechnic Institute)
Title: Stability and Accuracy for the DG and central DG methods.
 
Abstract: We investigate the stability and accuracy of DG and central DG methods for the the 
linear advection equation (as known as the one-way wave equation) for various boundary 
conditions. We prove analytically that the maximum stable step size for the DG method grows 
quadratically with the polynomial degree of the method while the maximum step size for the 
central DG method grows linearly. We support our analytical results experimentally and suggest 
the choice of a parameter for the central DG method based on these findings.
 
27. David S. Ross (Rochester Institute of Technology)
Title:  Practical Issues in Applying the Light Scattering PDE
 
Abstract: In this talk we discuss experimental design issues and numerical methods for inferring 
Gibbs free energies of protein mixtures from light scattering data.
 
28. Michael Schwarz    (Rensselaer Polytechnic Institute)
Title: Nematic cells with quasicrystalline-patterned alignment layers
 
Abstract: Nematic cells with surface anchoring fields exhibiting quasicrystalline symmetry can 
be fabricated using linear photopolymerizable polymers and suitable optics. Using the Lebwohl-
Lasher model we carry out Monte Carlo simulations of a nematic cell where the top and bottom 
surfaces have an anchoring field with the symmetry of a periodic approximant to a Penrose 
lattice. We show that the anchoring field has point topological defects, nearly all with topological 
charge ±1. Our simulations, which assume infinitely strong anchoring of the nematic to the 
anchoring field, show that half-integer disclination lines emerge from the point defects and either 
traverse the thickness of the cell for small cell thicknesses, hug the patterned surfaces for large 
thicknesses, or combine these behaviors for intermediate thicknesses. We show that estimates 
of the values of the thicknesses separating these three behaviors can be obtained using the 
properties of Penrose tilings.    

 
29. Allen Tesdall   (CUNY College of Staten Island)
Title: Glancing weak Mach reflection
 
Abstract: We study the glancing limit of weak Mach reflection, in which the wedge angle 
approaches zero as the Mach number is held fixed.  Lighthill showed using linearized 
theory that the strength of the reflected shock approaches zero at the triple point in glancing 
reflections.  Therefore, to understand the nonlinear structure of the solution near the triple point 
in a glancing reflection, one needs to understand how the reflected shock diffracts nonlinearly 
into the Mach shock as its strength approaches zero.  To this end, we formulate a half-space 



initial boundary value problem for the unsteady transonic small disturbance equations in $y>0$.  
In this problem, the strong shock is approximated by a ``soft'' boundary $y=0$ on which the 
pressure is constant.  We solve this IBVP numerically using high resolution methods.  The 
numerical solutions show a complex reflection pattern similar to the one that occurs in the 
Guderley Mach reflection of weak shocks.  This is joint work with John Hunter.
  
30. He Yang (Rensselaer Polytechnic Institute)
Title: Error Estimates of the Runge-Kutta Discontinuous Galerkin Methods for Vlasov-Maxwell 
System
 
Abstract: In this talk, the analysis for the Runge-Kutta discontinuous Galerkin methods to solve 
the Vlasov-Maxwell system is presented. The third order Runge-Kutta method is used for the 
time discretization and the spatial discretization is of arbitrary order. With the assumption that 
the solutions of the system are smooth enough, error estimates are obtained for piecewise 
polynomials basis with degree $k \geq \left \lceil \frac{d_x + 1}{2} \right \rceil$ (the smallest 
integer greater or equal to $\frac{d_x+1}{2}$, where $d_x$ is the dimension of physical space), 
under the CFL condition $\tau /h \leq \gamma$, where $\tau$ is the time step, $h$ is the 
element mesh size, and $\gamma$ is a positive constant independent of $\tau$ and $h$. 
Upwind numerical fluxes are considered for both the Vlasov equation and Maxwell equations in 
this analysis. In this case, optimal convergence order is obtained.
 
31. Lucy Zhang   (Rensselaer Polytechnic Institute)
Title: The Modified Immersed Finite Element Method for Fully-Coupled Fluid-Structure 
Interactions
 
Abstract: In this talk, a new numerical algorithm, the modified immersed finite element method 
(mIFEM) for solving fluid-structure interaction problems is presented. The mIFEM is developed 
so that the solid solution can be accurately solved and precisely controlled. Similar to the 
original immersed finite element method (IFEM), the mIFEM uses non-conforming mesh 
technique that has the fluid and the solid domains represented independently. However, 
the original IFEM often leads to severe solid mesh distortion because the solid dynamics is 
controlled by the fluid. In the mIFEM, the solid dynamics is solved instead of been imposed, 
therefore produces significantly more accurate coupled solutions. We show several 2-D and 3-
D testing cases where the mIFEM has a noticeable advantage in handling complicated fluid-
structure interactions when the solid behavior dominates the fluid flow.
 
32. Yifan Zhang (Brown University)
Title :A Non-Oscillatory Discontinuous Galerkin Transport Scheme on the Cubed-Sphere
  
Abstract: The Discontinuous Galerkin (DG) method is high order, conservative and suitable to 
be extended to parallel environment. However when there are discontinuities in the solution, 
the high order scheme will generate some oscillations, which deteriorate the quality of the 
numerical solution. To suppress the oscillation and keep the initial bound of the numerical 
solution, we implement an HWENO (Hermite-Weighted Essentially None Oscillatory) limiter 
and a Bound-Preserving (BP) filter on the DG scheme, which will not degenerate the accuracy 
of the numerical solution in the smooth region, but will also effectively eliminate the overshoot 
and undershoot in the oscillatory region.  Moreover, both the limiter and filter can be extended 
to arbitrary high order and has a local compact computational stencil. In this talk, the accuracy 
and effectiveness of the limiter and filter are demonstrated with several benchmark tests on both 
the Cartesian and spherical geometries. This is a joint work with Dr. Ramachandran D. Nair at 
NCAR.   



 
Advertisement Talks
 
1. Bernard Brooks    (Rochester Institute of Technology)
Title: Predictive Emergency Response Modeling (PERM) via Agent-Based Models and Network 
Analysis
 
Abstract: Our research group creates agent-based models (ABM) to predict plausible outcomes 
of disaster scenarios.  These adaptive models incorporate outside expertise specific to the 
circumstances.  ABMs enable emergency response management to improve their response 
and better prepare for emergency situations. The group pursues this mission through the 
development of pertinent agent-based and network models.  These models are based on the 
analysis of available and relevant disaster information, both historical and evolving, e.g., such 
as 911 data, emergency response reports and social media data. 
 
2. Harold M Hastings (Hofstra University)      
Title: Funding infrastructure – the reverse tragedy of the commons
 
Abstract: One can almost date a village center by asking what the dominant building is – a 
church, a school, or a bank.  Funding for key infrastructure can be a challenge, especially in the 
present global, and thus multi-scale world.  Examples include funding of schools (a combination 
of local taxes and state aid) and public transit (for example, consider the recently rescinded 
MTA tax, the recently cancelled rail tunnel from New Jersey to New York).  How much local 
business should support local schools?  The answer depends upon how much hiring is local; 
the optimal economic strategy for a business hiring nationally or globally with little local hiring 
would appear to involve spending as little as possible on local schools.  As we shall see, this 
economic dynamics can be thought of as a reverse tragedy of the commons – the classical 
tragedy of the commons (G Hardin, Science, 1968, see CW Clark, Mathematical Bioeconomics, 
the optimal control of renewable resources, Wiley, New York 1976) can be illustrated by asking 
what is the optimal strategy of an fisherman in harvesting a shared resource?  Under many 
conditions, the optimal strategy involved exploiting the shared fishery to near extinction.  We 
shall show how the science of network dynamics can inform the debate on these issues.
 
3. Matthew Hoffman    (Rochester Institute of Technology)
Title: Data Assimilation for Oceans, Atmospheres, Drones, and the Heart
 
Abstract: Data assimilation is the process of combining observations with numerical models 
to generate improved state estimates and estimate parameters. Assimilation is an application 
of nonlinear filtering techniques based on the standard Kalman filter. I will discuss data 
assimilation and a variety of problems I'm currently working on that use pieces of the 
methodology. Applications to the Chesapeake Bay, the Martian atmosphere, target tracking, 
and cardiac modeling will be discussed.
 
4. Wei Ji    (Rensselaer Polytechnic Institute)    
Title: Radiation Transport Computation in 4-D Stochastic Media
 
Abstract: Radiation transport computation is facing unprecedented challenges in solving 
problems in time-dependent 3-D stochastic systems, denoted as 4-D particle systems. Typical 
examples are radiative transfer in cloud systems consisting of constantly moving droplets and 
aerosols of different shapes and sizes, or a radiation dose calculation in a human lung organ 
where millions of “chunks” of tissue and air are moving around randomly with every breath. 



Conventional computational methods based on fixed position data are not capable to solve 
transport problems in these systems. A new computational framework based on mobile position 
data is needed.
 
A promising Monte Carlo based computational methodology is being developed to address the 
challenges. In this advertisement talk, a brief review of the developed method and its capability 
and potential to be applied to solving radiation transport problems in 4-D stochastic media will 
be presented.    
    
5. Silvia Jimenez (Worcester Polytechnic Institute)     
Title: Navier Slip Condition for Viscous Fluids on a Rough Boundary
 
Abstract: We study the effect of surface roughness on fluid flow over a solid surface.  We are 
able to derive asymptotically an effective slip boundary condition (Navier slip condition) to 
replace the no-slip condition over the surface.
 
6. Kara L. Maki (Rochester Institute of Technology)    
Title: Settling Dynamics of the Contact Lens
 
Abstract: When a contact lens is placed in the eye, it is fit onto the cornea by the action of the 
blink. The upper lid applies a normal force on the lens deforming it and squeezing the tear film 
out between the lens and cornea. To better understand the fit performance, we model coupled 
fluid and solid mechanics of the settling of a soft contact lens during a blink.    
 
7. Herb Kunze  (University of Guelph)
Title: Solving inverse problems using the collage method and entropy considerations.
 
Abstract: A typical inverse problem seeks to find parameter values so that the corresponding 
model admits collected observational data as an approximate solution.  Using the collage 
method, we can solve the inverse problem by minimizing the ""collage distance,"" a quantity that 
is easier to work with than the solution approximation error. In this talk, we see that when we 
also impose a maximum entropy condition we can further decrease the solution approximation 
error. Some theoretical results and simple illustrative examples will be presented.
 
8. Lei Yao  (Rensselaer Polytechnic Institute)
Title: Stochastic Analysis of Tuberculosis Evolution
 
Abstract: The Mycobacterial interspersed repetitive units - variable number of tandem 
repeats (MIRU-VNTR) typing is one the popular methods for studying the bacterial cause of 
tuberculosis. This paper investigates the evolution of the bacteria based on the MIRU data. A 
discrete time Makov chain of the different MIRU states is defined in the light of the evolution 
direction, which is derived from Spoligotyping. Stationary distribution is calculated for these 
Makov chains and biological implications of the stationary and the sample distribution are 
discussed.   

 
9. Qi Ye (Syracuse University)
Title: Approximation of Stochastic Partial Differential Equations by a Kernel-based Collocation 
Method
 
Abstract: In this talk we present the theoretical framework needed to justify the use of a 
kernel-based collocation method (meshfree approximation method) to estimate the solution of 



high dimensional stochastic partial differential equations (SPDE). Here our main attention is 
concentrated on the numerical solution of the elliptic equations. The estimator of the solution of 
the elliptic equations is given as a linear combination of reproducing kernels derived from the 
differential and boundary operators of the SPDE centered at collocation points to be chosen 
by the user. The random expansion coefficients are computed by solving a random system of 
linear equations. Numerical experiments demonstrate the feasibility of the method.
 
 
10. Alexander Vladimirsky    (Cornell University)
Title: Efficient methods for hyperbolic problems
 
Abstract: Many competing "fast”methods have been introduced for non-linear stationary 
problems in the last 15 years.  Most of these methods are inspired by classical algorithms 
on graphs (e.g., value iterations, Bellman-Ford, Dial's, Dijkstra's), their hybrids, and many 
asynchronous versions.  In this talk I will give  a brief overview of the fundamental ideas in this 
area.
 
 


