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Cho
mxcsma1@rit.edu Rochester Institute of Technology

Steklov expansion method for Laplacian boundary value problems 

Abstract: Eigenfunction expansion methods have been studied in various ways to study solutions of PDEs.  This talk will feature error estimates for approximation of solutions of Laplace's equation with Dirichlet, Robin or Neumann boundary value conditions using the harmonic Steklov eigenfunctions. Based on the spectral theory of trace spaces the solutions are represented by orthogonal basis from the Steklov eigenfuntions. When the region is a rectangle, with explicit formulae for the Steklov eigenfunctions, both theoretical analysis and numerical experiments will introduce the efficiency and accuracy of the Steklov expansion methods in this talk.

Lucia Carichino, lcarichino@wpi.edu  WPI
Energy-based algorithm for coupling PDEs and ODEs fluid flow models

Multiscale coupling of nonlinear partial differential equations (PDEs) and lumped ordinary differential equations (ODEs) fluid flow models are often necessary when modeling complex biological vascular systems. This coupling involves different challenges, such as how to efficiently treat nonlinearities and how to ensure the stability of the numerical algorithm (monolithic vs splitting approach).
In this talk I will present a novel algorithm based on operator splitting for the time discretization of coupled systems of Stokes equations and nonlinear ODEs, that allows solving separately and sequentially the Stokes equations and the ODEs without the need of sub-iterations. The novelty of this approach is that it ensures that the energy of the semi-discrete problem mirrors the behavior of the energy of the fully coupled problem, providing unconditional stability. Numerical examples will be reported to support the theoretical analysis.

Samuel
 Isaacson
isaacson@math.bu.edu
Boston University

Jump Process Approximation of Particle-Based Stochastic Reaction-Diffusion Models

Abstract: High resolution images of cells demonstrate the highly heterogeneous nature of the nuclear and cytosolic spaces. We are interested in understanding how this complex environment influences the dynamics of cellular processes. To investigate this question we have developed the convergent reaction-diffusion master equation (CRDME), a lattice particle-based stochastic reaction-diffusion method that can model the spatial transport and reactions of molecules within domains derived from imaging data. In this talk I will introduce the CRDME, and explain how it is similar in spirit to the popular reaction-diffusion master equation (RDME) model. The CRDME allows for the reuse of the many extensions of the RDME developed to facilitate modeling within biologically realistic domains, while eliminating one of the major challenges in using the RDME model.
Yoonsang Lee   Yoonsang.Lee@dartmouth.edu   Dartmouth College

A seamless numerical homogenization method for multi scale diffusion and advection operators


Abstract: Analytical and numerical homogenization typically requires scale separation between the larger scales and the small scales to be homogenized. We propose a methodology that overcome this hurdle for a class of differential equations. In particular, we investigate a specific decomposition structure of diffusion tensors that allows a small scale homogenization independent of larger scale components. An advection operator is handled as a subclass of the tensors. Using the particular structure, we propose a seamless numerical method for diagonal multiscale diffusion tensors that find applications in the modeling of heterogeneous media. The method decomposes the multiscale diffusion tensor into different scale components and homogenizes each component iteratively. A transformation technique minimizes the interaction between different scale components and thus it enables to maintain the computational complexity increases only linearly proportional to the number of different scale components. To demonstrate the efficiency and robustness of the proposed method, we present a theory and provide several numerical tests including a non-separable scale diffusion tensor.
Yukun
Li
li.7907@osu.edu
The Ohio State University, Columbus

Strong Convergence of a Fully Discrete Finite Element Method for a class of Nonlinear Stochastic Partial Differential Equations
Abstract: In this talk, we develop and analyze a fully discrete finite element method for a class of semilinear stochastic partial differential equations (SPDEs) with multiplicative noise. The nonlinearity in the diffusion term of the SPDEs is assumed to be globally Lipschitz and the nonlinearity in the drift term is assumed to satisfy a one-side Lipschitz condition. We use a finite element interpolation technique to design a stochastic scheme such that the stability estimates for higher order moments of the $L^2$-norm and $H^1$-seminorm of the numerical solution, as well as the strong convergence of the proposed scheme all hold. Numerical experiment results are also presented to validate the theoretical results and to demonstrate the efficiency of the proposed numerical method.

Jiahua
Jiang
jiahua@vt.edu
 Virginia Tech

Truncation and Recycling Methods for Lanczos Bidiagonalization and Hybrid Regularization

Krylov methods for inverse problems have the nice property that regularization can be decided dynamically. However, this typically requires that the entire Krylov space is kept in memory, which is problematic for large problems that do not converge quickly. We propose strategies for truncating the search space while maintaining the possibility of dynamic regularization (for various regularization methods). In addition, these strategies have advantages if a sequence of related regularized solves is required.

Victor Churchill     vchurchill2008@gmail.com  Dartmouth College

Image reconstruction via edge-masked regularization

Abstract: Image reconstruction based on an edge-sparsity assumption has become very popular in recent years. Many methods of this type are capable of reconstructing nearly perfect edge-sparse images using extremely limited data. In this talk, we present a flexible image reconstruction method that uses edge locations to improve the accuracy of a suboptimal image resulting from an edge-sparsity image reconstruction method when compressed sensing or empirical data requirements are not met. The method begins with an edge detection, which may be obtained directly from the data or indirectly by transforming an image reconstructed with another method. From this edge map, a mask matrix is created which allows us to regularize exclusively in regions away from edges. By accounting for the spatial distribution of the sparsity, our method better preserves edge information. Both theoretical and empirical results are offered to support our method.

