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Abstracts for ICMDS 2018

Plenary Talks

Norden Huang

Dr. Norden Huang is the K.T. Lee Chair Professor of the National Central University, Taiwan. He is a
fellow of the U.S. National Academy of Engineering and a foreign member of the National Academy of
Engineering of China. He is the inventor of the Hilbert-Huang Transform in data analysis.

On Holo-Hilbert Spectral Analysis: From turbulence to brain waves

Norden E. Huang, Innovation Center and Data Analysis Laboratory, First Institute of
Oceanography, Qingdao, China

Traditionally, spectral analysis is defined as transforming the time domain data to frequency domain. It is
achieved through integral transforms based on additive expansions of a priori determined basis, under linear
and stationary assumptions. For nonlinear processes, the data can have both amplitude and frequency
modulations generated by intra-wave and inter-wave interactions involving both additive and nonlinear
multiplicative processes. Under such conditions, the additive expansion could not fully represent the
physical processes resulting from multiplicative interactions. Unfortunately, all existing spectral analysis
methods are based on additive expansions, based either on a priori or adaptive bases. While the adaptive
Hilbert spectral analysis could accommodate the intra-wave nonlinearity, the inter-wave nonlinear
multiplicative mechanisms that include cross-scale coupling and phase lock modulations are left untreated.
To resolve the multiplicative processes, we propose a full informational spectral representation: The Holo-
Hilbert Spectral Analysis (HHSA), which would accommodate all the processes: additive and
multiplicative, intra-mode and inter-mode, stationary and non-stationary, linear and nonlinear interactions,
through additional dimensions in the spectrum to account for both the variations in frequency and amplitude
modulations (FM and AM) simultaneously. Applications to wave-turbulence interactions and EEG data
will be presented to demonstrate the usefulness of this new spectral representation.

Zuowei Shen
Dr. Zuowei Shen is the Tan Chin Tuan Professor of Mathematics at Singapore National University, an

invited speaker of the International Congress of Mathematicians.

Image Restoration and Beyond

Zuowei Shen, National University of Singapore

We are living in the era of big data. The discovery, interpretation and usage of the information, knowledge
and resources hidden in all sorts of data to benefit human beings and to improve everyone's day to day life



is a challenge to all of us. The huge amount of data we collect nowadays is so complicated, and yet what
we expect from it is so much. This provides many challenges and opportunities to many fields. As images
are one of the most useful and commonly used types of data, in this talk, we start from reviewing the
development of the wavelet frame (or more general redundant system) based approach for image
restoration. We will observe that a good system for any data, including images, should be capable of
effectively capturing both global patterns and local features. One of the examples of such system is the
wavelet frame. We will then show how models and algorithms of wavelet frame-based image restoration
are developed via the generic knowledge of images. Then, the specific information of a given image can be
used to further improve the models and algorithms. Through this process, we shall reveal some insights and
understandings of the wavelet frame-based approach for image restoration and its connections to other
approaches, e.g. the partial differential equation-based methods. Finally, we will also show, by many
examples, that ideas given here can go beyond image restoration and can be used to many other applications
in data science.

Ding-Xuan Zhou

Dr. Ding-Xuan Zhou is a Chair Professor at City University of Hong Kong. Prof. Zhou received a Joint
Research Fund for Hong Kong and Macau Young Scholars from the National Science Fund for
Distinguished Young Scholars in 2005, and a Humboldt Research Fellowship in 1993.

Mathematical analysis of deep CNNs and distributed learning

Prof. Ding-Xuan Zhou, Chair Professor at City University of Hong Kong

In this talk we present mathematical analysis of some deep convolutional neural networks (CNNs) and
distributed learning algorithms. We show that deep CNNs with the rectified linear unit activation function
modified in a distributed setting (without any fully-connected layers) are universal as the depth of the deep
network tends to infinity. We demonstrate error analysis for some distributed learning algorithms presented
in reproducing kernel Hilbert spaces. Our approach is based on machine learning and approximation theory.

Wotao Yin

Dr. Wotao Yin is a professor of UCLA. His honor includes Alfred P. Sloan Fellow (2009) and NSF
CAREER Award (2008).

Building (Stochastic) First-order Methods from Monotone Operators

Wotao Yin and Ernest K. Ryu

In this talk, we use monotone operator theory to derive and analyze a wide range of classical and modern
convex optimization algorithms, including stochastic (randomized), parallel, distributed, and decentralized
methods that are well-suited for large-scale and big data problems. The list covers algorithms including
gradient, proximal-gradient, (proximal) method of multipliers, alternating minimization, PDHG,
Chambolle Pock, Condat-Vu, (standard, proximal, and linearized) ADMM, and PD30O. Finite-sum and
block-coordinate-friendly properties are used to develop parallel and asynchronous methods. These



methods are presented in a unified and streamlined manner using a handful of mathematical concepts from
monotone operator theory.




Invited Speakers

Interpolations in Reproducing Kernel Banach Spaces

Qi Ye, Professor at South China Normal University

In the talk, the interpolations in reproducing kernel Hilbert spaces are generalized to reproducing kernel
Banach spaces by the combination of theory and techniques of meshfree methods and tensor analysis. The
kernel-based interpolations are constructed by high-order positive definite kernels and positive definite
tensors. This develops a new kernel-based algorithm for high dimensional interpolations. Moreover, the
optimal recovery and error bounds of the kernel-based interpolating functions can be also obtained in the
reproducing kernel Banach spaces.

Blended Coarse Gradient Descent for Full Quantization of Deep Neural Networks

Jack Xin

Quantized deep neural networks (QDNNSs) are attractive due to their much lower memory storage and faster
inference speed than their regular full precision counterparts. To maintain the same performance level
especially at low bit-widths, QDNNs must be retrained. Their training involves minimizing a piecewise
constant non-convex objective in high dimension subject to a discrete constraint, hence mathematical
challenges arise. We introduce the notion of coarse derivative and propose the blended coarse gradient
descent (BCGD) algorithm. Coarse gradient is generally not a gradient of any function but an artificial
descent direction. The network weight update of BCGD goes by coarse gradient correction of an average
of the full precision weights and their quantization (the so-called blending), which yields sufficient descent
in the objective value and accelerates the training. Our experiments demonstrate that this simple blending
technique is very effective for quantization at extremely low bit-width such as binarization. For theoretical
understanding, we show convergence analysis of coarse gradient descent on a two-layer neural network
model with Gaussian input data, and prove that the expected coarse gradient correlates positively with the
underlying true gradient.

Contrasting properties of RSVD and LSQR algorithms for solutions of ill-posed
problems

Rosemary Renaut, Professor at Arizona State University, Saeed Vatankhah, University of Tehra,
Anthony Helmstetter, Arizona State University

Surrogate modes for the solution of large-scale ill-posed problems is considered. Traditionally LSQR
iterative methods have been used to find the subspace for the solution yielding a surrogate model that
inherits the ill-conditioning of the original problem. Then hybrid methods are used to impose regularization
on the surrogate in order to find an acceptable solution. Modern techniques employ a randomized singular
value decomposition (RSVD) to find the dominant subspace for the solution, hence providing an alternative
surrogate which in this case inherits the dominant properties of the original problem, rather than the full
condition of the original problem. For ill-posed problems the surrogate is usually of a sufficient size that its
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spectral properties still provide a problem that is ill-conditioned and hybrid methods in which regularization
is applied at the subspace level are still required.

Our work is focused on connecting the regularized subspace problem with the regularized full space
problem. This requires carefully connecting the singular value subspace for the full problem with that
obtained at the subspace level. We examine and contrast hybrid LSQR and hybrid RSVD techniques,
through the approximation of the relevant singular subspaces for the original problem, hence examining the
convergence of regularized parameters for the hybrid solutions. On average the RSVD provides a good
approximation of a truncated singular value decomposition (TSVD). Therefore, analysis of the performance
of the hybrid RSVD connects back to analysis of TSVD techniques for solving the least squares problem.

Our research shows some surprising results that have not been reported in the literature, and are inspired
by contrasting RSVD and LSQR surrogate models. Specifically, we find that the RSVD generally requires
a far larger dominant subspace for achieving good resolution of the solution. This occurs because small
scale RSVD approximations do not provide good approximations of the left and right singular spaces of the
full model using the surrogate model. In contrast, LSQR yields excellent approximation of these singular
spaces when a limited number of Krylov iterations are applied. While it has long been known that LSQR
leads to semi-convergence as the number of iterations proceeds, it does not appear that the idea of truncating
the associated singular space for the surrogate has been considered. We thus show that the truncated LSQR
provides a very strong competitor for RSVD algorithms, yielding algorithms that can converge with
increasing problem size from small to large, whereas RSVD will not be useful until the surrogate has
reached a moderate size.

Numerical examples from image restoration and inversion of three-dimensional magnetic data are presented
to support the analysis in the context of solving practical least squares applications.

A witness function approach for generative networks

H. N. Mhaskar, Claremont Graduate University

A generative model for data is an approximation to the probability distribution from which the data is
sampled. While classical probability estimation uses positive kernels to ensure that the resulting
approximation is also a probability measure, we will examine the problem from an approximation theory
point of view, where the approximation is obtained by a localized kernel based on multivariate Hermite
polynomials. The kernel is necessarily not a positive kernel, but yields a good approximation. These kernels
can be used as “witness function”: given two probability distributions with possibly overlapping support,
the kernels indicate to which of these two supports a given point is more likely to belong. This knowledge
helps to generate new data with the right classification with high probability.

Information Geometry and Maximum Entropy Inference

Jun Zhang, University of Michigan-Ann Arbor

Information geometry is the differential geometric study of the manifold of probability density functions.
After a brief introduction, | will revisit the framework of maximum entropy (MaxEnt) inference widely
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used in engineering, theoretical biological and social sciences, etc., and explain how the exponential family
arising from MaxEnt solution can be characterized by the dually-flat Hessian geometry (the simplest kind
of what is called “statistical manifold”). Then, I will present a generalization to the classic formulation by
using a general form of entropy function, which leads to the deformed-exponential family (generalized
linear model) as its solution. This generalization includes as special cases various generalized entropy
functions, such as Tsallis entropy, Renyi entropy, phi-entropy, U-entropy etc., encountered in statistics and
machine learning. The resulting geometry turns out to be either still Hessian or conformally equivalent to
Hessian, depending on how the additional degree of freedom is fixed.



Special Sessions

Session on Functional Spaces Suitable for Big Data Analysis Organized
by Guohui Song

Flexible Krylov Methods for |_p regularization

Julianne Chung, Assistant Professor at Virginia Tech, Silvia Gazzola, University of Bath

In this talk, we develop flexible Krylov methods for efficiently computing regularized solutions to large-
scale linear inverse problems with an |_2 fit-to-data term and an |_p penalization term, for p>=1. First, we
approximate the p-norm penalization term as a sequence of 2-norm penalization terms using adaptive
regularization matrices in an iterative reweighted norm fashion, and then we exploit flexible
preconditioning techniques to efficiently incorporate the weight updates. To handle general (non-square)
|_p-regularized least-squares problems, we introduce a flexible Golub-Kahan approach and exploit it within
a Krylov-Tikhonov hybrid framework. The key benefits of our approach compared to existing optimization
methods for |_p regularization are that efficient projection methods replace inner-outer schemes and that
expensive regularization parameter selection techniques can be avoided. Theoretical insights are provided,
and numerical results from image deblurring and tomographic reconstruction illustrate the benefits of this
approach, compared to well-established methods. Furthermore, we show that our approach for p=1 can be
used to efficiently compute solutions that are sparse with respect to some transformations.

Sparse Representations of Data for HPC

Rick Archibald, Staff Scientist at ORNL

Sparse representation of data is powerful tool for large datasets, with particular datasets being accurately
represented by only a sparse set of function approximation coefficients. In the case of high performance
computing (HPC), complex simulations often have a bottleneck in storing solution states, especially when
these solutions are in high dimensions. This talk will introduce scalable sparse functional representations
of data and demonstrate the unique problems that occur for HPC.

Reconstructing Signals from Magnitude-Only Measurements

Aditya Viswanathan, University of Michigan - Dearborn, Mark Iwen, Michigan State University,
Brian Preskitt, University of California San Diego, Rayan Saab, University of California San
Diego

Certain imaging applications such as x-ray crystallography and ptychography require the recovery of a
signal from phaseless (or magnitude-only) measurements - a problem commonly referred to as Phase
Retrieval. This is a challenging (and non-convex) inverse problem since the phase encapsulates a significant
amount of structure in the underlying signal. Popular approaches to solving this problem include the method



of alternating projections, generalized gradient descent, and convex relaxations in a higher dimensional
("lifted") space.

In this talk, we will discuss a framework for solving the discrete phase retrieval problem from deterministic
local measurements. We summarize a recently introduced fast (essentially linear-time) and robust phase
retrieval algorithm based on solving highly structured (block-circulant) linear systems to infer relative phase
information, followed by an eigenvector-based approach to learning individual phases from relative phase
estimates. Theoretical recovery guarantees as well as numerical results demonstrating the method's speed,
accuracy and robustness to measurement errors will be provided.

Reducing the effects of bad data using variance based joint sparsity

Anne Gelb, Professor at Dartmouth College, Theresa Scarnati, Air Force Research Lab, Wright
Patterson

Much research has been recently been devoted to sparse signal recovery and image reconstruction from
multiple measurement vectors (MMV). The assumption that the underlying signals or images have some
common features with sparse representation suggests that using a joint sparsity approach to recover each
individual signal or image can be more effective than recovering each signal or image separately using
standard sparse recovery techniques. Joint sparsity reconstruction is typically performed using ;1
minimization, and although the process yields better results than separate recoveries, the inherent coupling
makes the algorithm computationally intensive, since it is difficult to parallelize. In this talk we introduce
the variance based joint sparsity (VBJS) algorithm, which is based on the observation that the pixel-wise
variance of the signals convey information about their shared support. This observation motivates the
introduction of a weighted #; joint sparsity algorithm, where the weights depend on the information learned
from calculated variance. Specifically, the £; minimization should be more heavily penalized in regions
where the corresponding variance is small, since it is likely there is no signal there. We demonstrate that
the VBJS method is accurate, robust, and cost efficient. The VBJS method can also be used in situations
where some of the measurement vectors may misrepresent the unknown signals or images of interest. Such
“false data” problems appear in applications including state estimation of electrical power grids, large scale
sensor network estimation, and synthetic aperture radar automated target recognition.

Topological data analysis for vascular disease

Jae-Hun Jung, Associate Professor at SUNY Buffalo & Ajou University, John Nicponski, SUNY
Buffalo

Vascular disease is the leading cause of death world-wide. In this talk, we present a new functional analysis
using the topological data analysis for the stenotic vascular flows. We use the spectral element method and

solve the incompressible Navier-Stokes equations for vascular data, which we use for creating barcode of
homology group. The persistence is proposed as a new measure.
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Session on Sparse Medical Image Processing organized by Yao Lu

Medical Image Analysis and Its Applications

Yao Lu, Prof. at Sun Yat-Sen University

Medical images provide functional and structural clinical information. It’s crucial and urgent to find
solutions on enhancing quality of medical images and extracting disease-related information. This report
tries to take breast cancer as an example to illustrate basic theories and techniques in medical image analysis
and radionics. Recent studies and progress in high dimensional reconstruction of complicated medical data,
feature extraction, feature reduction, and machine learning are also discussed.

Signal and Image Recovery from Saturated Measurements

Ming Yan, Assistant Professor at Michigan State University

When a measurement falls outside the quantization or measurable range, it becomes saturated and cannot
be used in classical reconstruction methods. E.g., the limited dynamic range of C-arm flat detectors leads
to overexposure in some projections during an acquisition, such as imaging relatively thin body parts (e.g.,
the knee). Aiming at overexposure correction for computed tomography (CT) reconstruction and spare
signal recovery, we propose mixed one-bit compressive sensing (M1bit-CS) approaches to acquire
information from both regular and saturated measurements. In this talk, | will introduce several approaches
and their applications in CT reconstruction.

Data Mining in CT Dose Monitoring and Protocol Management

Da Zhang, Assistant Professor of Radiology, Medical Imaging Physicist at Harvard Medical
School, Beth Israel Deaconess Medical Center

The monitoring and management of radiation dose have become crucial requirements of modern Radiology
departments. However, the heterogeneity of dose data and inconsistent implementations of the DICOM
standard among different CT models and vendors require additional customization and programming, even
with the help of powerful open-source programs and DICOM utilities. In this talk, | will present the
development, unique features, and clinical applicability of a CT dose data mining system.

Radiation dose structured reports (RDSR) are auto-transmitted from the CT scanners to a DICOM server.
The server translates RDSR into XML and mines the XML data and populates database tables. Dose
dashboards on the server provide query and display functionality for individual CT exams, while a data
dump service provides massive output of dose records for periodic dose analysis and protocol management.
Also, aweb service that receives real-time queries from the dictation system returns customized dose strings
for automatic inclusion in the radiologic reports. For protocol review, dose entries in the dumped data are
cleaned and validated. Heterogeneous protocol identifiers are normalized and re-mapped to core protocol
names, using a regular expression-based method. Similar protocol names are grouped together for per-
scanner analysis and cross-scanner comparison. The core protocols that comprise the majority of exams

were identified, and summary data were prepared for visual analysis.



Over 5000 CT dose records per month have been collected from ten CT scanners across 4 facilities. Non-
trivial inconsistencies in the adoption of RDSR capabilities, especially in the handling of protocol hames,
were observed. Comparison of dose performance across scanners and against national data was used to
trigger root-cause analysis and protocol review.

Medical image reconstruction as a deblurring/denoising problem illustrated via
PET

Ross Schmidtlein, Memorial Sloan-Kettering Cancer Center

Tomographic medical images, reconstructed from data acquired from patients, are a critical means for
assessing a patient’s state. These images are used to diagnose various maladies including brain
injury/disease, cardiopulmonary disease, cancer, and many others. The diagnosis of the resulting images
is based upon image contrast that highlights an abnormality. Four of the most common medical imaging
modalities are computed tomography (CT), magnetic resonance imaging (MRI), single photon emission
tomography (SPECT), and positron emission tomography (PET). The focus of this talk is the description
of physical and statistical models of the data acquisition process, the resulting minimization problems,
and the role that sparse representation can play in reconstructing images from patient data. The PET
image reconstruction model formulated as a deblurring/denoising problem will be used to illustrate the
use sparse representation for improved signal recovery. A short description of medical image quality
assessment will also be presented.



Session on Convex of Non-Convex Optimization for Data Analysis
Organized by Lixin Shen

Structured Sparsity Promoting Functions

Lixin Shen, Syracuse University

In this talk, we introduce a simple scheme to construct structured semiconvex sparsity promoting functions
from convex sparsity promoting functions and their Moreau envelopes. Properties of these functions are
developed by leveraging their structure. In particular, we provide sparsity guarantees for the general family
of functions. We further study the behavior of the proximity operators of several special functions including
indicator functions of closed convex sets, piecewise quadratic functions, and the linear combinations of
them. To demonstrate these properties, several concrete examples are presented and existing instances are
featured as special cases.

Stochastic Optimization for AUC Maximization

Yiming Ying, Associate Professor at SUNY Albany

Stochastic optimization algorithms such as stochastic gradient descent (SGD) update the model sequentially
with cheap per-iteration costs, making them amenable for large-scale streaming data analysis. However,
most of the existing studies focus on the classification accuracy which cannot be directly applied to the
important problems of maximizing the Area under the ROC curve (AUC) in imbalanced classification and
bipartite ranking. In this talk, 1 will talk about our recent work on developing novel stochastic optimization
algorithms for AUC maximization (aka bipartite ranking). Compared with the previous literature which
requires high storage and per-iteration costs, our algorithms have both space and per-iteration costs of one
datum and can achieve optimal convergence rates.

Representation of multi-modal data: from linear collaborative learning to deep
learning models

Yu-Ping Wang, Professor at Tulane University, Wenxing Hu, PhD student, Tulane University

Big data sciences often concern about the correlation and integration of complex multi-modal data sets.
Canonical correlation analysis (CCA) has been used to find correlations between two or multiple imaging
modalities. However, it is unrelated to phenotypes. On the other hand, regression models can find the
association between a phenotype and multi-modal imaging data, but the cross-modal data correlation is
often overlooked. To this end, we first show how collaborative learning model can be introduced to
incorporate correlation as a penalization term into the regression model. However, the complex relationship
(e.g., nonlinear correlation and nonlinear predictive relationship) between multiple data sets cannot be
captured using linear collaborative regression models. Motivated by both deep CCA and collaborative
regression, we propose a novel method, deep collaborative learning (DCL), to address the limitations of
both linear CCA and collaborative regression. DCL first uses a deep network to represent original data and
then seeks their correlations, while also linking the data representation with phenotypical information.



Therefore, DCL can better combine complex correlations between multiple data sets in addition to their
fitting to phenotypes, with the potential to overcome the limitations of several current models. Finally, we
show how DCL model can be used to study brain development such as the difference of functional
connectivities (FCs) between different ages, based on multi-modal fMRI imaging data. Using the DCL
model, we study the difference of FCs between different age groups and also use the FCs as a fingerprint
to predict cognitive abilities. Our experiments demonstrated higher accuracy of using DCL over other
conventional models when classifying populations of different ages and cognitive scores. Moreover, our
experiments showed that different age or cognition groups may exhibit more significant differences of
functional connectivity in several networks than others.

Fast algorithms for large dense matrices with applications to biofluids

Minghao Rostami, Assistant Professor at Syracuse University, Sarah Olson, Worcester
Polytechnic Institute

The swimming motion of microorganisms such as sperm and cilia can be modeled by several methods, all
of which entail solving equations of fluid-structure interaction. Among them, the Method of Regularized
Stokeslets (MRS) and the Rotne-Prager-Yamakawa (RPY) tensor have the advantage of not requiring a 3D
Eulerian grid and using the fundamental solutions to the underlying equations instead. However, the
computations required by both methods entail the use of dense matrices, and they tend to be large and very
costly to work with for practical models in which the number of micro-swimmers is large.

The ‘data-sparse’ structure of these matrices enables the development of fast algorithms. To compute the
matrix-vector products efficiently, we extend the Kernel-Independent Fast Multipole Method (KIFMM) to
the kernels associated with the MRS. To solve linear systems involving the same matrices efficiently, we
consider both a data-sparser preconditioner and a block-diagonal preconditioner; to expedite the application
of the preconditioners, we employ a number of techniques such as Krylov subspace recycling. We apply
the proposed algorithms to study the dynamics of a large group of sperm and the flow field induced by a
carpet of cilia.

Adaptive Synchrosqueezing Transform with a Time-varying Parameter for Signal
Separation

Qingtang Jiang, University of Missouri-St. Louis

Recently the synchrosqueezing transform (SST) has been developed for signal separation and a sharp
time-frequency representation of a non-stationary signal. In this talk we will discuss the adaptive SST
with a time-varying parameter for signal separation. We will address the instantaneous frequency
estimation and component recovery of a multicomponent non-stationary signal using the adaptive SST.



Session on Statistical Analysis for Big Data Organized by Norou
Diawara

Online Sequential Leveraging Sampling Method for Streaming Time Series Data

Tharuvai N Sriram, Prof. and Head Statistics Department at University of Georgia, Rui Xie,
University of Georgia, Wei Biao Wu, University of Georgia, Ping Ma, University of Georgia

Advances in data acquisition technology pose challenges in analyzing large volumes of streaming data.
Sampling is a natural yet powerful tool for analyzing such data sets due to their competent estimation
accuracy and low computational cost. Unfortunately, sampling methods and their statistical properties for
streaming data, especially streaming time series data, are not well studied in the literature. In this article,
we propose an online leverage based sequential sampling algorithm for streaming time series data, which
is assumed to come from an autoregressive model of order p > 1 (AR(p)). The proposed sequential
leveraging sampling method samples only one consecutively recorded block from the data stream for
inference. While the starting point of the sequential sampling scheme is chosen using a random mechanism
based on leverage scores of the data, the subsample size is decided by a sequential sampling threshold. We
show that an appropriately normalized sequential least squares estimator of the AR parameter vector is
uniformly asymptotically normally distributed for non-explosive AR(p) model. Simulation studies and real
data examples are presented to evaluate the empirical performance of the proposed sequential leveraging
sampling method.

The Copula Functional ARCH Directional Dependence for Intraday Volatility with
High-frequency Financial Data

Jong-Min Kim, Professor at U of Minnesota-Morris

This research proposes a copula directional dependence by using a bivariate Gaussian copula beta
regression with the Hormann et al. (2013) functional ARCH(1) (FARCH) model to suit high-frequency time
series that account for intraday volatilities. With simulated high-frequency data, we show how the copula
fARCH directional dependence of intraday volatility can be useful in terms of graphical displays for tick-
by-tick price changes in a day. We can perform a test of significance of the copula fARCH directional
dependence of intraday volatility by the permutation test, p-value, and bootstrapping confidence interval.
To validate our proposed method with real data, we use the Korea Composite Stock Price Index (KOSPI)
and the Hyundai-Motor (HDM) company stock data with one minute high-frequency. This research shows
that the copula functional ARCH directional dependence of intraday volatility can be an important statistical
method to illustrate the directional dependence of intraday volatility on the financial market.



Identifying relevant covariates in RNA-seq analysis by pseudo-variable
augmentation

Yet Nguyen, Assistant professor at Old Dominion University, Dan Nettleton, lowa State
University

RNA-sequencing (RNA-seq) technology enables the detection of differentially expressed genes, i.e., genes
whose mean transcript abundance levels vary across conditions. In practice, an RNA-seq dataset often
contains some explanatory variables that will be included in analysis with certainty in addition to a set of
covariates that are subject to selection. Some of the covariates may be relevant to gene expression levels,
while others may be irrelevant. Either ignoring relevant covariates or attempting to adjust for the effect of
irrelevant covariates can be detrimental to identifying differentially expressed genes. We address this issue
by proposing a covariate selection method using pseudo-covariates to control the expected proportion of
selected covariates that are irrelevant. We show that the proposed method can accurately choose the most
relevant covariates while holding the false selection rate below a specified level. We also show that our
method performs better than methods for detecting differentially expressed genes that do not take covariate
selection into account, or methods that use surrogate variables instead of the available covariates.

Multiple Changepoint Detection via Deep Neural Network

QiQi Lu, Associate Professor at Virginia Commonwealth University, Yuan Xue, University of
International Business and Economics, Xiaolin Jiang, Imperial College London

Changepoints are extremely important features to consider when homogenizing time series and analyzing
its trends and variations. This talk introduces a new changepoint detection method using supervised deep
learning algorithms. The advantage of using deep neural networks is that the method doesn't need to assume
any specific probability model or correlation structure of the time series to be tested. In this study we focus
on the appropriate design of deep neural networks for the task of changepoint detection by specifying the
multiple layers and developing the training procedure. The method is applied in the analysis of three real
time series.



Session on Applications of Data Science Organized by Yaohang Li

Computational drug repositioning using low-rank matrix approximation and
randomized algorithms

Yaohang Li, Associate Professor at ODU, Huimin Luo, Central South University, Min Li,
Central South University, Shaokai Wang, Central South University, Quan Liu, Central South
University, Jianxin Wang, Central South University

Computational drug repositioning is an important and efficient approach towards identifying novel
treatments for diseases in drug discovery. The emergence of large-scale, heterogeneous biological and
biomedical datasets has provided an unprecedented opportunity for developing computational drug
repositioning methods. The drug repositioning problem can be modeled as a recommendation system that
recommends novel treatments based on known drug—disease associations. The formulation under this
recommendation system is matrix completion, assuming that the hidden factors contributing to drug—
disease associations are highly correlated and thus the corresponding data matrix is low-rank. Under this
assumption, the matrix completion algorithm fills out the unknown entries in the drug—disease matrix by
constructing a low-rank matrix approximation, where new drug—disease associations having not been
validated can be screened.

In this work, we propose a drug repositioning recommendation system (DRRS) to predict novel drug
indications by integrating related data sources and validated information of drugs and diseases. Firstly, we
construct a heterogeneous drug—disease interaction network by integrating drug—drug, disease—disease and
drug—disease networks. The heterogeneous network is represented by a large drug—disease adjacency
matrix, whose entries include drug pairs, disease pairs, known drug—disease interaction pairs and unknown
drug—disease pairs. Then, we adopt a fast Singular Value Thresholding (SVT) algorithm to complete the
drug—disease adjacency matrix with predicted scores for unknown drug—disease pairs. The comprehensive
experimental results show that DRRS improves the prediction accuracy compared with the other state-of-
the-art approaches. In addition, case studies for several selected drugs further demonstrate the practical
usefulness of the proposed method.

Globally Encrypted, Locally Unencrypted Deep Neural Network for Privacy-
Preserved Learning

Cong Wang, Assistant Professor at Old Dominion University, Qiao Zhang, Old Dominion
University, Hongyi Wu, Old Dominion University, Chunsheng Xin, Old Dominion University

Privacy is a fundamental challenge for a variety of smart applications that depend on data aggregation and
collaborative learning across different entities. In this paper, we propose a novel privacy-preserved
architecture where clients can collaboratively train a deep model while preserving the privacy of each
client’s data. Our main strategy is to carefully partition a deep neural network to two non-colluding parties.
One party performs linear computations on encrypted data utilizing a less complex homomorphic
cryptosystem, while the other executes non-polynomial computations in plaintext but in a privacy-preserved
manner. We analyze security and compare the communication and computation complexity with the



existing approaches. Our extensive experiments on different datasets demonstrate not only stable training
without accuracy loss, but also 14 to 35 times speedup compared to the state-of-the-art system.

Mining online hotel reviews: A Case Study

Wu He, Associate Professor at Old Dominion University, Xin Tian, Kennesaw State University

The purpose of this paper is to present a social media analytics method of using text mining and sentiment
analysis techniques to analyze online customer reviews related to various hotels through a case study. The
study reveals some interesting insights and found that the overall review star rating correlates pretty well
with the sentiment scores for both the title and the full content of the online customer review.

Marketing the Cloud: A QoS-based Recommendation Approach

Xianrong Zheng, Assistant Professor at Old Dominion University

As the cloud service market becomes more open and competitive, Quality of Service (QoS), which
describes how well a cloud service is performed, will be more important. QoS refers to nonfunctional
properties of cloud services, which include availability, reliability, security, etc. QoS is an important
differentiator among functionally equivalent services. As a result, how to use QoS to differentiate and
market cloud services becomes an important research problem in both IT and business disciplines. In this
talk, we present a QoS-based recommendation approach to market cloud services. When there are many
services, it is not trivial to find a service meeting users’ QoS needs. So, a recommendation approach is
essential for marketing cloud services.

VANETS - A New Model for Hadoop HDFS Architecture

Lloyd Decker, Adjunct Faculty Computer Science at Old Dominion University, Dr. Stephan
Olariu, Old Dominion University

Apache Hadoop is a collection of flexible open-source utilities specifically designed for the processing of
Big Data. Big Data refers to extremely large data sets that generally have time sensitive processing
requirements. These requirements and the size of the data sets require a great deal of processing and storage.
Hadoop architectures are designed to utilize distributed computing to increase efficiency and reliability.
This is accomplished by using a master-slave model of processing and storage nodes. The heart of Hadoop
processing is MapReduce. MapReduce is a two phase process. The map phase transforms pieces of data
into key-value pairs that are then sorted. The reduce phase then merges the values based on the keys into
a single output. The heart of Hadoop storage is Hadoop Distributed File System (HDFS). HDFS consists
of a distributed storage model with replication of data for data reliability.

Vehicular ad hoc Networks (VANET) grew as an extension of Mobile ad hoc Networks (MANET).
VANETS are comprised of large numbers of devices that are highly mobile. These VANETS often have
physical infrastructure to which they connect in order to obtain connectivity external to the VANET itself.
This allows for the possibility of using the VANET for distributed processing and sensor capabilities. The
high mobility can be a challenge in that there is a high expectation of transitory behavior. These devices
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may experience long intervals of loss of connectivity. This requires an ability for the devices to perform
autonomous processing. These devices must be able to acquire, process, and analyze locally acquired data
independently. While these requirements can be a large obstacle, they also provide an important capability
in distributed sensor and processing. These capabilities can include weather warnings, road conditions,
collision warnings, congestion warning, and intersection assistance.

A model of a parking lot VANET will be examined in relation to its suitability of supporting a Hadoop
architecture. This model will involve vehicles in a parking lot that have connections for power and
communications. The model divides large processing jobs into smaller sub-jobs and processed using a
Map-Reduce mechanism. This model will be an initial attempt to model a Hadoop architecture on a
VANET. The vehicles are stationary but do exhibit transitory behavior. The model will investigate the
effects of the transitory nature of vehicles on the ability of the VANET to support a MapReduce process
and distributed storage on a Hadoop architecture. It is the intent that this model will lead to further research
that will lead to further research in VANETSs forming mobile datacenters.




Paper Submissions

Polymorphic Malware Classification using Machine Learning Algorithms

Ali Abdinur, Associate Professor at Norfolk State University, Chung-Chu (George) Hsieh,
Norfolk State University, Mushtag Khan, Norfolk State University

Track(s): Applications of data science

Today, virus authors are using encryption, concealment, obfuscation, and mutations in order to escape
detection. malware writers are relentlessly changing their malware designs to evade defenses. Same
malicious code can disguise itself and generate unprecedented number of malware variants. Therefore,
traditional antivirus scans cannot be used to prevent these malware attacks. The challenge is that there is
no general algorithm which can detect all possible viruses. In this study, machine learning algorithms were
used to classify malware files. We used Microsoft 2015 dataset. In 2015, Microsoft company released
malware classification challenge with a huge dataset. The dataset consists of collection of malware files
indicating a combination of nine virus families. The malware files are represented in hexadecimal bytes
and assembly codes. The hexadecimal bytes were divided into sequences of N-Grams for malware analysis.
The assembly codes were extracted from Windows Application Programming Interfaces (API) and it
consists of most recurrent system calls used by malicious codes. The Microsoft challenge was to categorize
malware into families based on file content and features. We have used the Microsoft dataset to train
multiple machine learning algorithms. Then, these models were used to classify new unknown malware.
Additionally, we performed complete assessment on ten algorithms to verify their effectiveness of
classifying the new unknown malware. The results show that none of the ten algorithms can score 100% in
true positive rates, precision, recall, correlations and ROC area and PRC area measures. There are tradeoffs
between time complexity and accuracy. Similar tradeoffs also hold for precision, recall, F-measures,
correlations, ROC area and PRC area measures. However, we found that ensemble of algorithms showed
improvement in the malware classification and the performance metrics. This ensemble method can be
more suitable for detecting new malware and prevent enormous damages to the computer security. Also,
these ensemble techniques can handle mutation, obfuscation, concealment and encryption. Finally, the
future goal of this research is to study the scalability of machine learning algorithms to Big Datasets. This
material is based on research sponsored by the Office of the Assistant Secretary of Defense for Research
and Engineering (OASD(R&E)) under agreement number FAB750-15-2-0120.

Noise on Dynamical Sampling

Longxiu Huang, PhD student at VVanderbilt University, Akram Aldroubi, Vanderbilt University,
Ilya Krishtal, Northern Illinois University, Roy R. Lederman,Princeton University, Akos
Ledeczi, Vanderbilt University, Peter Volgyesi, Vanderbilt University

Dynamical sampling deals with signals that evolve in time under the action of a linear operator. The purpose
of the present paper is to analyze the performance of the basic dynamical sampling algorithms in the finite
dimensional case and study the impact of additive noise. The algorithms are implemented and tested on
synthetic and real data sets, and denoising techniques are integrated to mitigate the effect of the noise. We
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also develop theoretical and numerical results that validate the algorithm for recovering the driving
operators, which are defined via a real symmetric convolution.

Student status: Graduate (PhD, EngD, etc)

Discovering Governing Laws of Interaction in Heterogeneous Agents Dynamics
from Observation

Ming Zhong, Postdoc Fellow at Johns Hopkins University, Fei Lu (JHU), Mauro Maggioni
(JHU), Sui Tang (JHU)

Track(s): Mathematical foundations of machine learning

Inferring the laws of interaction of particles and agents in complex dynamical systems from observational
data is a fundamental challenge in a wide variety of disciplines. We start from data consisting of trajectories
of interacting agents, which is in many cases abundant, and propose a non-parametric statistical learning
approach to extract the governing laws of interaction. We demonstrate the effectiveness of our learning
approach both by providing theoretical guarantees, and by testing the approach on a variety of prototypical
systems in various disciplines, with homogeneous and heterogeneous agents systems, ranging from
fundamental physical interactions between particles to systems-level interactions, with such as social
influence on people's opinion, prey-predator dynamics, flocking and swarming, and cell dynamics.

Multitask Learning in Vector-valued Reproducing Kernel Banach Spaces with the
11 Norm

Rongrong Lin, Research Associate Professor at Sun Yat-sen University, Guohui Song, Clarkson
University, Haizhang Zhang, Sun Yat-sen University

Track(s): Mathematical foundations of machine learning

Motivated by sparse multi-task learning, we constructed a class of vector-valued reproducing kernel Banach
spaces with the 11 norm based on multi-task admissible kernels. The linear representation theorem holds
for regularization networks in the obtained spaces if and only if the Lebesgue constant of multi-task
admissible kernels is bounded by 1. Examples including the Brownian bridge kernel, the exponential kernel
and the covariance of Brownian motion admissible for constructions are given. In order to accommodate
more kernels, we consider relaxed representation theorems that need a weaker condition on the Lebesgue
constant. Finally, we present numerical experiments for both synthetic data and real-world benchmark data
to demonstrate the advantages of the proposed construction and regularization models.

Evaluating Silhouette Index for Linearly and non-Linearly Separable Groups

Meshal Shutaywi, Ph.D. candidate at Florida Institute of Technology, Dr. Nezamoddin N.
Kachouie, Florida Institute of Technology

Track(s): Mathematical foundations of machine learning



A common important task in data mining is grouping the objects based on their similarities. Clustering
analysis is a well-known technique for grouping the objects using their features. Several clustering methods
have been developed. Among them k-means is a linear clustering method that is broadly used. It divides
the data elements into linearly separable groups where the objective function is to minimize the Euclidean
distances between the elements and their associated cluster centers.

Several methods have been developed to evaluate the clustering performance including normalized mutual
information (NMI) and silhouette index. NMI needs at least partial true labels of the data elements while
silhouette index does not need the true labels and can be used where true labels are unknown. The focus
here is to study the clustering performance using silhouette index. We evaluate the clustering performance
of silhouette index by implementing several simulations as follow.

We first simulated two distinct groups that are linearly separable. Then, we added Gaussian noise to spatial
coordinates of each data point such that the original distinct groups slightly overlap. We increased the
overlapped area of two groups gradually by increasing the standard deviation of noise. In this way, we
generate multiple datasets with different overlapping extents. K-means clustering is applied to divide the
simulated datasets into two clusters. Silhouette index is calculated for clustering results as well as true
positive rate to assess the results. Average silhouette index and average true rate are computed for each
noise level using several runs of Monte Carlo simulations. We then visualize average silhouette index and
its confidence interval with regard to noise level. We also plot the average true positive rate and its
confidence interval vs. standard deviation of noise.

Finally, to study the relationship between the average true positive rate and the average silhouette index,
we estimate the regression coefficients and assess the linear relationship between these two variables by
fitting a regression line. The clustering results by k-means show that by increasing the noise level, both the
positive true rate and silhouette index drop, but with different rates. It means by increasing the extent of
overlapped area, silhouette index decreases but with a slower pace in comparison with the decreasing speed
of positive true rate. Point wise confidence intervals of average silhouette index and true positive rate get
wider by increasing the extent of overlapped area. Further, the confidence interval of silhouette index is
wider than that of true positive rate for the same noise level. The relationship between true positive rate and
silhouette index is not linear; however, the coefficient of determination of the model is substantially high.
This study provides new insights about interpreting silhouette index to assess the clustering results.

Student status: Graduate (PhD, EngD, etc)

Statistical Learning with Correntropy-induced Losses

Yunlong Feng, Assistant Professor at The State University of New York at Albany, Jun Fan,
Hong Kong Baptist University, Xiaolin Huang, Shanghai Jiaotong University, Lei Shi, Fudan
University, Johan Suykens, KU Leven, Qiang Wu, Middle Tenessee University, Yuning Yang,
Guangxi University, Yiming Ying, SUNY Albany

Track(s): Mathematical foundations of machine learning

Correntropy is a similarity measure proposed by engineers within the information-theoretic learning
framework. It has drawn many successful applications across various fields owing to its merits in dealing

with non-Gaussian noise or outliers. However, its theoretical understanding remained unclear. This
presentation aims at providing some theoretical understanding of statistical learning with correntropy-
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induced losses. In a regression context, we will show how correntropy-based regression is connected to
mean regression and modal regression. Specifically, we will also show that correntropy-based regression
can learn the location function without resorting to moment conditions on the response variable. These
findings explain the resistance ability of correntropy-based regression in dealing with non-Gaussian noise
or outliers.

Bootstrap Weights for Combining Correlation Coefficients

Wejdan Deebani, PhD candidate at Florida Institute of Technology, Dr. Nezamoddin N.
Kachouie, Florida Institute of Technology

Track(s): Mathematical foundations of machine learning

Analyzing large datasets is essential in every branch of science including social, medical, and political
sciences. An important task in statistical analysis of data is to discover relationships between variables.
Several correlation factors have been introduced to quantify the association between variables in a dataset
such as Pearson's correlation coefficient, Spearman's correlation, and Distance correlation. Pearson’s
correlation is a well-known measure of association that can detect the strength and direction of a linear
relationship between two variables. Spearman’s and Distance correlations have been developed to address
the shortcomings of Pearson’s correlation coefficient. Spearman’s can identify a monotonic relationship,
while Distance correlation can describe the degree of independence by computing a value between zero and
one where zero indicates independence of the two variables.

Correlation coefficients do not perform consistently when they are calculated for different types of
relationships. Often the underlying relationships between variables are unknown, and it is challenging to
decide which correlation coefficient is appropriate to discover these hidden relationships. Our research is
focused on combining these factors to obtain a single representative coefficient value. We combine these
coefficients by assigning different weights and calculate a single weighted average. Here, we introduce a
bootstrap weight function based on the standard error of the coefficients. It means a coefficient with a
smaller error will receive a higher weight. The weight function is developed as a ratio of the correlation
factor to its bootstrap standard error. This method is tested by designing several simulations to study these
correlation factors for different types of relationships including linear, polynomial, and exponential. First,
we simulate the data for the aforementioned relationships with added Gaussian noise. We then calculate the
correlation coefficients and combine them for corrupted relationships with low and high noise. Simulations
demonstrate that these coefficients do not perform uniformly for different relationships and each can better
identify a specific relationship. Hence, a combined correlation measure can better explain the relationship
between variables when the underlying relationship is unknown.

Student status: Graduate (PhD, EngD, etc)



Multiscale Analytics with Sparse Data for Transportation Access Management
with Implications for Safety and Cost Avoidance

Marwan Alsultan, PhD student - Systems Engineering at University of Virginia, James H.
Lambert (Advisor, University of Virginia), Jungwook Jun (Virginia Department of
Transporation), Thomas L. Polmateer (University of Virginia and Commonwealth Center for
Advanced Logistics Systems)

In transportation networks, access management is the systematic approach to control the location, spacing,
design, and operation of residential and commercial access points, where a main goal is to preserve the
safety and capacity of the system. Access management can assist in protecting billions of dollars in current
investments in the transportation infrastructure. Effective access management planning requires analyzing
a large amount of data from different sources. Thus, there is an opportunity for data science that can assist
transportation planners in allocating their limited resources across a large network of highways using the
best available data. The time horizons for such decisions are typically one to ten years. This paper describes
a model that utilizes available data to help transportation planners to screen and prioritize competing needs
for access management among many thousands of existing and proposed access points, where additional
data elicitation and modeling can legitimize access management projects that are focused on safety
improvement. A key innovation of this research is the integration of multicriteria analysis and cost-benefit
analysis with data uncertainties. This is accomplished by identifying three key transportation metrics that
can be used to evaluate roadway performance and to monetize the potential benefits and costs of access
management projects. These metrics are then presented in a diagram to facilitate multicriteria analysis and
to allow for cost-benefit analysis with data uncertainties and tradeoff analysis to complement one another.
The developed model is demonstrated by applying it to thousands of access points located on major U.S.
highways. A massive amount of data from diverse sources is used for this demonstration, including an
access points inventory and a road crashes database that contains detailed information about hundreds of
thousands of crashes that occurred in the analyzed area. This model ought to be of wide interest to planners,
stakeholders, analysts, and policymakers who have limited resources and rely on heterogeneous, sparse,
and large data in their decision-making, and it is transferable to multi-scale systems in various fields. Thus,
the approach should influence the use of cost-benefit evaluation, including models and data, in enterprise
management of transportation and a variety of other infrastructure systems.

Acknowledgment: This effort was supported in part by the Virginia DOT, Port of Virginia, National Science
Foundation, and the Commonwealth Center for Advanced Logistics Systems.

Student status: Graduate (PhD, EngD, etc)

Estimating Gompertz Baseline Parameters in a Full Parametric Survival Model

Farag Hamad, Florida Institute of Technology, Nezamoddin N. Kachouie

Track(s): Statistical analysis for big data



Survival analysis is used for modeling, analyzing, interpreting, and predicting the survival times; i.e. the
time until an event may take place. Survival analysis has recently been emerging and is finding new
applications in public health, environmental studies, climate change, sociology, economics, and different
branches in engineering. Survival time can be modeled using paramedic, semi-parametric, and non-
paratenic methods. The Cox proportional hazard model (PH) is the most popular model that has been
broadly used to model survival times based on some independent variables to discover the relationship
between the survival times and these factors. Cox model has two components including a baseline hazard
and a logistic regression term. The parameters of the logistic model are first estimated using a partial
likelihood method. The estimated factors are then used to estimate the baseline hazard.

In our previous work we introduced a fully parametric survival model and we studied Exponential and
Weibull baselines. In this work, we extend our full parametric method by considering Gompertz baseline.
We evaluated the proposed method by implementing Monte Carlo simulations. We estimated Gompertz
baseline parameters by the proposed method using simulated data for three different sample sizes. Breslow
method and the proposed method were compared using residual error and bias of the estimate. Residuals
were visualized with regard to survival time as well as independent variable. Moreover, we compared the
two methods based on goodness of fit using four criteria including AIC, BIC, R*2, and residual standard
error. The results show that the estimated parameters of Gompertz baseline by Breslow method and the
proposed method are comparable for different sample sizes. Overall, the baseline hazard parameters
estimated more accurately using the proposed method. The estimated goodness of fit shows that the
proposed method provides a better fit.

Student status: Graduate (PhD, EngD, etc)

Combining Assumptions and Graphical Network into Gene Expression Data
Analysis

Demba Fofana, Assistant Professor at University of Texas Rio Grande Valley, E. O. George,
University of Memphis

Track(s): Statistical analysis for big data

Analyzing properly gene expression data is a daunting task that requires taking both assumptions and
network relationships among genes into consideration. Combining these different elements cannot only
improve statistical power, but also provide a better framework through which gene expression can be better
analyzed. We propose a novel statistical model that combines assumptions and gene network information
into the analysis. Assumptions are important since every test statistic is valid only when required
assumptions hold. We incorporate gene network information into the analysis because neighboring genes
share biological functions. This correlation factor is taken into account via similar prior probabilities for
neighboring genes. With a series of simulations our approach is compared with other approaches. Our
method that combines assumptions and network information into the analysis is shown to be more powerful.
We will provide an R package to help use this approach.



Exact Community Detection via Classical Multidimensional Scaling

Anna Little, Postdoc at Michigan State University, Yuying Xie, Michigan State University,
Qiang Sun, University of Toronto

Track(s): Mathematical foundations of machine learning

Classical multidimensional scaling (CMDS) is a widely used dimension reduction technigue in machine
learning and statistics. However, few theoretical results characterizing its statistical performance exist. In
this paper, we study CMDS in the setting of unsupervised learning: we provide scaling conditions on the
sample size, ambient dimension, between-class distance and noise level under which CMDS followed by a
simple clustering algorithm can exactly recover the community labels of all samples with high probability.
Numerical simulations confirm these scaling conditions are sharp.

Breast Cancer Detection through Electrical Impedance Tomography and Optimal
Control Theory: Theoretical and Computational Analysis

Saleheh Seif, PhD student at Florida Institute of Technology, Professor Ugur Abdulla

The Inverse Electrical Impedance Tomography (EIT) problem on recovering electrical conductivity tensor
and potential in the body based on the measurement of the boundary voltages on the electrodes for a given
electrode current is analyzed. A PDE constrained optimal control framework in Besov space is pursued,
where the electrical conductivity tensor and boundary voltages are control parameters, and the cost
functional is the norm declinations of the boundary electrode current from the given current pattern and
boundary electrode voltages from the measurements. The state vector is a solution of the second order
elliptic PDE in divergence form with bounded measurable coefficients under mixed Neumann/Robin type
boundary condition. Existence of the optimal control and Frechet differentiability in the Besov space setting
is proved. The formula for the Frechet gradient and optimality condition is derived. Extensive numerical
analysis in the 2D case by implementing the projective gradient method, re-parametrization via principal
component analysis (PCA), Tikhonov regularization, and sensitivity analysis with respect to relative size
and locations of cancerous tumors is pursued.

Student status: Graduate (PhD, EngD, etc)

CUR Decompositions and Subspace Clustering

Keaton Hamm, Postdoctoral Researcher at University of Arizona

A CUR decomposition of a matrix is a sparse, generally low rank approximation of a matrix generated by
choosing a small subset of columns and rows from the original matrix. It has been used to economically
represent data in a way that maintains interpretability after performing some analysis (something that is lost
in using the SVD), and as a cheap, near optimal, low-rank approximation technique. We demonstrate that
CUR decompositions can be used to form similarity matrices which are capable of solving the Subspace
Clustering Problem in the ideal case. Subspace Clustering is a particular clustering problem in which the
initial data is considered to come from a union of low-dimensional subspaces of the high-dimensional
ambient space. Similarity matrices allow the user to read off which data points come from the same



subspace. We also show with experiments on real motion data that the ideal CUR decomposition based
method prescribed above can be modified to give a good clustering of noisy subspace data. The flexibility
of the CUR decomposition allows for fast clustering which is more robust to noise than many previous
similarity matrix methods.

Student status: Post-Doc

The domain decomposition Fourier continuation method for the reconstruction of
two-dimensional local Fourier images

Ruonan Shi, University at Buffalo, Jae-Hun Jung, Department of Mathematics, State University
of New York at Buffalo, Ferdinand Schweser, 1.Buffalo Neuroimaging Analysis Center,
Department of Neurology, Jacobs School of Medicine and Biomedical Sciences at the University
at Buffalo. 2.Center for Biomedical Imaging, Clinical and Translational Science Institute,
University at Buffalo

Track(s): Signal and Image Processing

Magnetic resonance imaging (MRI) is a commonly used medical technique. The MRI image is obtained in
the spatial domain from the given Fourier coefficients in the frequency domain. However, the Gibbs
phenomenon occurs if the function is piecewise smooth. In this talk, | propose an efficient and accurate
local reconstruction method with the lower frequency Fourier data that yields sharp image profile near the
local edge. The proposed method utilizes only the small number of image data in the local area. Thus the
method is efficient. Furthermore the method is accurate because it minimizes the global effects on the
reconstruction near the weak edges shown in many other global methods for which all the image data is
used for the reconstruction. To utilize the Fourier method locally based on the local non-periodic data, the
proposed method is based on the Fourier continuation method. The proposed method first divides the MRI
image in the spatial domain into many subdomains and applies the Fourier continuation method on this
local area. Then the proposed method reconstructs the local image based on L 2 minimization regularized
by the L 1 using sparsity to sharpen the image near edges. The numerical results show that the solution is
free of Gibbs oscillations. The numerical results also suggest that the proposed method should be utilized
in dimension-by-dimension manner instead of in a global manner for both the quality of the reconstruction
and computational efficiency.

Student status: Graduate (PhD, EngD, etc)

A Krasnoselskii-Mann Algorithm with an Improved EM Preconditioner for PET
Image Reconstruction

Yizun Lin, PhD Student at Sun Yat-sen University, Yuesheng Xu, Old Dominion University, C.
Ross Schmidtlein, Memorial Sloan Kettering Cancer Center, Qia Li, Sun Yat-sen University, Si

Li, Sun Yat-sen University

Track(s): Signal and Image Processing, Convex or non-convex optimization for data analysis



This talk presents a preconditioned Krasnoselskii-Mann algorithm with an improved EM preconditioner
(IEM-PKMA) for higher-order total variation regularized positron emission tomography (PET) image
reconstruction. The PET reconstruction problem can be formulated as a three-term convex optimization
model consisting of the Kullback-Leibler (KL) fidelity term, a non-smooth penalty term and a nonnegative
constraint term which is also non-smooth. We develop an efficient Krasnoselskii-Mann algorithm for
solving this optimization problem based on a fixed-point characterization of its solution, with an improved
EM (IEM) preconditioner and momentum techniques for accelerating convergence. An ordered subsets
(OS) version of PKMA (OS-PKMA) is also presented. Numerical results in this work show that the
proposed IEM-PKMA outperforms existing state-of-the-art algorithms including preconditioned alternating
projection algorithm (PAPA) and alternating direction method of multipliers (ADMM), and OS-PKMA
converges much faster than both OS-PAPA and OS-EM. The superior performance of OS-PKMA is
verified by experiments using clinical data.

Student status: Graduate (PhD, EngD, etc)

Probabilistic Detection Model for Population Estimation

Mohamed Jaber, Ph.D student at Florida Institute of Technology, Robert Van Woesik,
Nezamoddin N. Kachouie

Estimates of animal populations are difficult to obtain because of several obstacles. When one is estimating
population density, the number of detected individuals is an unknown fraction of the actual number of the
present population. Traditional methods of population estimation, where the effective sampled area is
unknown, do not provide estimates of density because density cannot be explicitly estimated. Hence, it is
difficult to interpret differences in abundance among different habitats using these methods. Another
weakness of traditional methods is that the heterogeneity in capture probability resulting from the distance
between animal home range center and survey/camera locations are not modeled. Recent models produce
direct estimates of population size and density for spatial regions. These models use encounter/capture
probability as a function of the distance between the camera/trap locations and the home range center and
use a spatial point process model for the home range centers. Activity centers cannot be directly observed,
however the spatial information about encountered/captured individuals comes from spatial coordinates of
different camera/trap locations that they came across. Therefore, these models provide major advantages to
overcome the limitations of traditional methods. Yet, in most of the recent models, the detection probability
is not modeled for the cameras in the camera grid. The goal of this research is to include this factor in the
population estimation model. To this end, we have introduced a probabilistic model for camera detection
as a function of related co-factors. In this way, a customized detection probability is assigned for each
camera. To achieve the goal, we have designed a variety of probabilistic camera detection models including
a fixed detection probability, a uniform detection model, and a multivariate probabilistic detection model.
We have evaluated these models by implementing several simulations where true population size is
unknown. The simulation results are encouraging and such probabilistic detection model can potentially
improve the population estimation.

Student status: Graduate (PhD, EngD, etc)



A Content-Adaptive Unstructured Grid based Integral Equation Method with the
TV Regularization for SPECT Reconstruction

Yun Chen, Postdoc at Old Dominion University, Jiasheng Huang , Sun Yat-sen University, Si

Li, Guangdong University of Technology, Yao Lu, Sun Yat-sen University, Yuesheng Xu, Old
Dominion University

Track(s): Signal and Image Processing

A major research goal of single photon emission computed tomography (SPECT) is to obtain high-quality
reconstructed images with less computing time. Existing reconstruction methods are most based on discrete
models, which lead to low accuracy in reconstruction. Reconstruction methods based on integral equation
models with a higher order piecewise polynomial discretization on the pixel domain for SPECT imaging
were recently proposed to overcome the accuracy deficiency of the discrete models. Discretization of the
integral equation model based on the pixel grid leads to a system of a large dimension, which may require
higher computational costs to solve. We develop a SPECT reconstruction method which employs the
integral equation model of the SPECT data acquisition process and discretizes it on a content-adaptive
unstructured grid with the TV regularization aiming at reducing the computational cost of the integral
equation method. Numerical experiments are presented to demonstrate the superiority of the developed
method over the competing methods in the three aspects including suppressing noise, preserving edges and
reducing computational costs.

Application of Data Clustering Methods and Algorithms in Healthcare

Weiru Chen, Ph.D student in Information Technology at Old Dominion University, Jiayue Shen,
SUNY Polytechnic Institute, Yunfei Xing, Jilin University

Track(s): Applications of data science

Data clustering is one of the most important steps of data mining. With data clustering, mining on the
reduced data set should be more efficient yet produce quality analytical results. Data clustering could play
a very important role in the healthcare area, which could provide great beneficial for hospitals, doctors,
pharmacists and patients. However, there is little research and analysis by using data clustering methods
and algorithms in healthcare industry. Thus, data clustering and knowledge discovery can generate various
of applications in healthcare. In this paper, we study and explore data clustering algorithm in healthcare.
Centroid-based Clustering, Distribution-based Clustering and Density-based Clustering are discussed,
especially, k-means, EM and DBSCAN are utilized to conduct modeling and simulation for the data set of
healthcare. The results illustrate and indicate the great usage of data clustering in healthcare.

Student status: Graduate (PhD, EngD, etc)



Influential nodes ranking on online rumors spreading in mobile social networks

Yunfei Xing, PhD student, Jilin University, China, Weiru Chen, Old Dominion University, Duo
Wang, Jilin University

Track(s): Statistical analysis for big data

With the rapid development of mobile social network, information transmission mode is undergoing a
significant transformation. Online rumors have a negative impact on mobile social networks and users. In
order to better supervise the spread of online rumors, we conducted an in-depth analysis to discover the law
of information transmission by studying the influence of network nodes in the social network. Based on the
information entropy theory, this paper constructs a network node influence model in mobile social
networks. We measure the node influence of Weibo Microblog as an example and analyze the direct
influence, indirect influence and comprehensive influence. Finally, the model was tested and simulated in
Matlab. Results show that the total influence of nodes in mobile social networks increases when the number
of nodes connection or the frequency of nodes interaction increases. Nodes’ direct and indirect influences
also increase at different rates. It is of great significance for relevant industry institutions to effectively
supervise the spread of online rumors in mobile social networks by analyzing the influence of Weibo
Microblog public account and predicting the change rule of nodes influence.

Student status: Graduate (PhD, EngD, etc)



Poster Submissions

Estimate Exponential Memory Decay in Hidden Markov Model and its
Applications

Felix Xiaofeng Ye, Postdoc fellow at Johns Hopkins University

Inference in hidden Markov model has been challenging in terms of scalability due to dependencies in the
observation data. In this paper, we utilize the inherent memory decay in hidden Markov models, such that
the forward and backward probabilities can be carried out with subsequences, enabling efficient inference
over long sequences of observations. We formulate this forward filtering process in the setting of the
random dynamical system and there exist Lyapunov exponents in the i.i.d random matrices production.
And the rate of the memory decay is known as A, — 1, the gap between the top two Lyapunov exponents
almost surely. An efficient and accurate algorithm is proposed to numerically estimate the gap after the
soft-max parametrization. The length of subsequences B given the controlled error € is B = log(e)/(A, —
A1). We theoretically prove the validity of the algorithm and demonstrate the effectiveness with numerical
examples. The method developed here can be applied to widely used algorithms, such as mini-batch
stochastic gradient method. Moreover, the continuity of the Lyapunov spectrum ensures the estimated B
could be reused for the nearby parameter during the inference.

Advisor: Mauro Maggioni

Gradient Method in Hilbert-Besov Spaces for the Optimal Control of Parabolic
Free Boundary Problems

Ali Hagverdiyev, PhD student in Applied Mathematics at Florida Institute Of Technology, Dr.
Ugur G. Abdulla

In this presentation | will talk about computational analysis of the inverse Stefan type free boundary
problem, where information on the boundary heat flux is missing and must be found along with the
temperature and the free boundary. We pursue optimal control framework introduced in U.G. Abdulla in
Inverse Problems and Imaging, 7, 2(2013), 307-340; 10, 4(2016) 869-898, where boundary heat flux and
free boundary are components of the control vector, and optimality criteria consist of the minimization of
the quadratic declinations from the available measurements of the temperature distribution at the final
moment, phase transition temperature on the free boundary, and the final position of the free boundary. We
develop gradient descent algorithm based on Frechet differentiability in Hilbert-Besov spaces
complemented with preconditioning or increase of regularity of the Frechet gradient through
implementation of the Riesz representation theorem. Five model examples with various levels of
complexity are considered. Extensive comparative analysis through implementation of preconditioning and
Tikhonov regularization, calibration of preconditioning and regularization parameters, effect of noisy data,

comparison of simultaneous identification of control parameters vs. nested optimization is pursued.

Student status: Graduate (PhD, EngD, etc)



Identification of Parameters in Systems Biology

Roby Poteau, Operations Research at Florida Institute of Technology, Dr. Ugur Abdulla

We consider the inverse problem for the identification of the finite dimensional set of parameters for
systems of nonlinear ordinary differential equations (ODES) arising in systems biology. A numerical
method which combines Bellman’s quasilinearization with sensitivity analysis and Tikhonov’s
regularization is implemented. We apply the method to various biological models such as the classical
Lotka-Volterra system, bistable switch model in genetic regulatory networks, gene regulation and
repressilator models from synthetic biology. The numerical results and application to real data demonstrate
the quadratic convergence.

Student status: Graduate (PhD, EngD, etc)

Learning interaction laws in agent dynamics from observations

Sui Tang, Assistant Research Professor at Johns Hopkins University, Mauro Maggioni

Inferring the laws of interaction of particles and agents in complex dynamical systems from observational
data is a fundamental challenge in a wide variety of disciplines. We propose a non-parametric statistical
learning approach to estimate the governing laws of distance-based interactions, with no reference or
assumption about their analytical form, from data consisting trajectories of interacting agents. We
demonstrate the effectiveness of our learning approach both by providing theoretical guarantees, and by
testing the approach on a variety of prototypical systems in various disciplines.

Student status: Post-Doc

Joint sparse recovery via manifold optimization

Armenak Petrosyan, Postdoctoral research associate at Oak Ridge National Laboratory, Akram
Aldroubi (Vanderbilt), Clayton Webster (Oak Ridge National Laboratory)

We consider the recovery problem of jointly sparse vectors from their linear measurements. We utilize the
rank of the data matrix to reduce the problem to a full column rank case. This cuts the computation
complexity of the problem and allows the implementation of joint sparse recovery algorithms like the
MUSIC algorithm to be computationally more efficient and faster. Secondly, we offer a new method for
recovery of jointly sparse vectors in the form of a (non-convex) optimization problem on the non-compact
Steifel manifold.

Student status: Post-Doc



Bayesian Non-negative Matrix Factorization for Analyzing Co-location Networks

Wenna Xi, PhD candidate of Biostatistics at The Ohio State University

The neighborhood effect on residents' health and health-related behavior (e.g., smoking, dietary habits, and
physical activity) has long been a focus for sociology and public health researchers. Conventional
neighborhood researches assume that residents from the same geographic neighborhood receive equivalent
level of exposures. Browning et al. (2017) explained exposure effects that extend beyond the boundaries of
geographic neighborhoods through ecological communities, which are defined as clusters of individuals
and locations that intersect at higher rates in a co-location network. Co-location networks are a special case
of two-mode networks, or bipartite graphs, where ties can only exist between the two modes: individuals
and locations. The goal of analyzing co-location networks is to simultaneously study the "dual™ association
between individuals and the geographic locations where they spend time. Here, we present a Bayesian
hierarchical model that allows us to achieve this goal. Our approach can be viewed as a model-based
analogue to non-negative matrix factorization (NMF). In particular, we assume that there exists a collection
of latent variables, which define "communities" that simultaneously identify groups of individuals who
frequent the same locations and groups of locations that are visited by the same people. We illustrate our
model via simulation and using data from the Adolescent Health and Development in Context (AHDC)
Study.

Student status: Graduate (PhD, EngD, etc)
Advisor: Catherine A. Calder

Graph Clustering via Sparse Recovery

Daniel Mckenzie, Graduate Student at University of Georgia, Ming-Jun Lai, University of
Georgia

Track(s): Sparse representation of big data sets, Scalable algorithms for big data

The graph clustering problem seeks to partition the vertex set, V, of a graph, G, into k disjoint clusters
C1,-..,Cy. If one denotes by 1.y the indicator vector of the a-th cluster, and by L the (normalized)
Laplacian matrix of G then 1, ; is "approximately"in the kernel of L. That is, L1, is approximately zero.
Moreover, 1, is sparse---its number of non-zero entries is precisely the size of C,. We will show how to
combine these two insights into a novel algorithm for graph clustering, essentially by setting up and solving
a sparse recovery problem. The resulting algorithm, which we call Single Cluster Pursuit, works particularly
well when G is large with many, moderately sized clusters. Moreover, it has low computational complexity,
making it well-suited to the massive graphical data sets arising in many areas of applied and social science.

Student status: Graduate (PhD, EngD, etc)
Advisor: Ming-Jun Lai, University of Georgia



RUL Estimation from Prognostic Study based on Logical Analysis of Data and
Kaplan-Meier Estimation

Travaughn Bain, Doctoral Candidate at Florida Institute of Technology

Inspired from the Remaining useful life (RUL) prediction prognostic methodology proposed in (Ragab,
Ahmed, et.al. 2016) based on using the age and condition-based monitoring data serving as inputs to
estimate the RUL of a monitored system, considering the analysis of a single failure mode. In this study,
we introduce relaxed-pattern modifications on the event-driven diagnostic technique regarding the basis
use of Logical Analysis of Data (LAD) allowing for overall better generalization ability and flexibility of
the generated patterns on their coverage; coupled with the prognostic non-parametric reliability estimations
of Kaplan-Meier (KM) as the time-driven estimation technique, together predicting the systems RUL.
Thereafter, the performance of the adapted methodology is measured in terms of the difference between the
predicted and the actual RUL of the monitored systems.

Student status: Graduate (PhD, EngD, etc)
Advisor: Dr. Munevver Mine Subasi

Analysing the relationship between upper respiratory disease and air quality in
Montana

Elham Bayat Mokhtari, Graduate Student at University of Montana, Dr. Erin Landguth, School
of Public Health, University of Montana, Dr. Emily Stone, Dept. of Mathematical Sciences,
University of Montana

Track(s): Applications of data science

The incidence of upper respiratory illness from influenza and its dependence upon air quality in Montana
is an area of active research in the public health sphere. To explore this dependence a data set of reported
flu cases (Flu counts) in each county in Montana, each week of the flu season, has been obtained for the
years 2008-2018. Similarly, a measurement of particulate matter (PM) was obtained for each week of the
entire year in the years 2008-2018. We were presented with the task of analyzing these data sets, and did
S0 in several ways, reaching some obvious, and not so obvious conclusions.

Archetypal Analysis (AA) was developed by Cutler and Breiman in 1993 to represent individuals in a data
set as mixtures of individuals of “pure type” or archetypes. As such, the data can be approximated by a
convex combination of data points, and the archetypes themselves are convex combinations of data points.
The advantage of AA over approaches based on the singular value decomposition is that the archetypes
actually “look like” the data and projections of data points onto an archetypal set can never fall outside the
convex hull of the data set.

In this project we apply Archetypal Analysis to data sets for weekly seasonal flu count and PM. The results

are synthesized by comparison with more traditional approaches, such as PCA, and enhanced visualization
techniques. The patterns exposed by AA in both cases are contrasted, as one data set is approximately

spatially continuous (PM) and the other is not (Flu counts).



Student status: Graduate (PhD, EngD, etc)

Classifying Textual Data Records

William Stone, Student at Pomona College, Brian Steele, Dept. of Math Sciences, University of
Montana

Track(s): Applications of data science

The analysis of textual data presents unique problems for the data scientist. First, the text stream must be
culled for useful words, e.g. “stop words” must be removed. Then the purpose of the analysis must drive
the technigues used to analyze the resulting data set. In this project we analyzed text submissions (records)
to a local company’s website, with the aim of classifying the type of submission in each record. We used
two distinct methods to do so. First, a list of classifying words was given to us by the company, which
were expanded to include synonyms, and a probabilistic measure of the likelihood of each record belong to
each category was computed. We call this the direct approach. The code created will allow the company
to triage submissions to their website based on category. The second approach is to let the data (records)
create the classifying structure themselves. For this purpose, we used Archetypal Analysis (Breiman and
Cutler 1993) to find cluster centers in the space of all useful words, that could be used to classify individual
records. The archetypes themselves are sets of words that inform the identity of each cluster, i.e., what type
of record is found in this cluster. We believe this use of archetypes can be generalized to cluster data of
any type, textual or otherwise.

Student status: Undergraduate

A robust error estimator and a residual-free error indicator for reduced basis
methods

Jiahua Jiang, Postdoc Associate at Virginia Tech

The Reduced Basis Method (RBM) is a rigorous model reduction approach for solving parametrized partial
differential equations. It identifies a low-dimensional subspace for approximation of the parametric solution
manifold that is embedded in high-dimensional space. A reduced order model is subsequently constructed
in this subspace. RBM relies on residual- based error indicators or a posteriori error bounds to guide
construction of the reduced solution subspace, to serve as a stopping criteria, and to certify the resulting
surrogate solutions. Unfortunately, it is well-known that the standard algorithm for residual norm
computation suffers from premature stagnation at the level of the square root of machine precision.

In this paper, we develop two alternatives to the standard offline phase of reduced basis algorithms. First,
we design a robust strategy for computation of residual error indicators that allows RBM algorithms to
enrich the solution subspace with accuracy beyond root machine precision. Secondly, we propose a new
error indicator based on the Lebesgue function in interpolation theory. This error indicator does not require
computation of residual norms, and instead only requires the ability to compute the RBM solution. This
residual-free indicator is rigorous in that it bounds the error committed by the RBM approximation, but up



to an uncomputable multiplicative constant. Because of this, the residual-free indicator is effective in
choosing snapshots during the offline RBM phase, but cannot currently be used to certify error that the
approximation commits. However, it circumvents the need for a posteriori analysis of humerical methods,
and therefore can be effective on problems where such a rigorous estimate is hard to derive.

Student status: Post-Doc
Advisor: Postdoc Advisor: Julianne Chung

Dynamic Models for Large Tensor Time Series Data

Seyed Yaser Samadi, Assistant Professor of Statistics at Department of Mathematics - Southern
Illinois University Carbondale

Any data sets from across the sciences collect sequences of matrix- and tensor-structured data; we refer to
such data as tensor time series. We are particularly motivated by electrophysiology studies in which
electrical activity at multiple locations in the brain is measured over time. It is typical to pre-process such
data to obtain tensors for each short time interval representing the level of coherence between each pair of
brain regions at each spectral frequency. There is a pressing need in this application area to obtain flexible
stochastic models of dynamic changes in neural subnetworks over time, with such models serving as an
important starting point for analyses incorporating variation across study subjects and association with traits
of the subjects and behavior. We propose a flexible class of dynamic tensor factor models, which reduce
dimensionality and maintain interpretability through the incorporation of sparsity constraints. In particular,
each dynamically varying factor only impacts a subset of the pairs of brain regions and frequency bands,
and hence defines a subnetwork. Starting with a stochastic differential equation (SDE) representation, we
define an efficient Markov chain Monte Carlo algorithm for posterior computation using a simulation
smoother. The ability to accurately infer dynamically changing subnetworks is shown through simulations,
and the methods are applied to mouse electrophysiology data.

A greedy approach to modulus on networks

Jason Clemens, Postdoctoral Fellow at Wichita State University

Given a family of objects on a network, the modulus problem can be formulated as a convex optimization
problem. It has been shown that the dual problem can be viewed as another modulus problem on a related
family of objects. This poster will introduce a greedy algorithm developed to solve these modulus problems,
as long as a minimum object can be found.

Student status: Post-Doc

Multi-Objective Logical Analysis of Data

Nandini Rakala, PhD Student in Operations Research at Florida Institute of Technology

We propose a multi-objective machine-learning model for a classification technique known as Logical
Analysis of Data (LAD). LAD is a multi-step procedure consisting of discretization, support set selection,

N



pattern generation, classification, and cross-validation. The key ingredient of two-class LAD method is the
identification of patterns, distinguishing between pairwise disjoint subgroups of observations in a dataset.
In this poster, we propose a multi-objective pre-classification process of feature selection involving two
conflicting goals of minimizing the number of features and maximizing the prediction accuracy, in a Pareto-
based dominance form. We compare the accuracy and run-times of different classification techniques such
as Decision Trees, Naive-Bayes, Nearest Neighbor, and SVM, on various datasets and show how the
proposed algorithmic approach outperforms the rest. The proposed approach identifies the set of
strong/weak Pareto-optimal LAD patterns to predict the slow and rapid progressions of Chronic Kidney
Disease patients in the African-American Study of Kidney Disease.

Student status: Graduate (PhD, EngD, etc)
Advisor: Dr. Munevver Mine Subasi

Zero-Inflated Count Time Series Models Using Gaussian Copula

Mohammed Algawba, Old Dominion University

Count time series data are observed in several applied disciplines such as in environmental science,
biostatistics, economics, public health, and finance. In some cases, a specific count, say zero, may occur
more often than usual. Overlooking the frequent occurrence of zeros could lead to false inference. In this
paper, we develop a copula-based time series model for zero-inflated counts with the presence of
covariates. Zero-inflated Poisson (ZIP), zero-inflated negative Binomial (ZINB), and zero-inflated
Conway-Maxwell-Poisson (ZICMP) distributed marginals will be considered, while the joint distribution
is modeled under Gaussian copula with autoregression moving average (ARMA\) errors. Sequential
sampling likelihood inference is performed. Prediction is carried out in an analogous style to an ordinary
ARMA model. To evaluate the proposed method, simulated and real-life data examples are provided and
studied.

Student status: Graduate (PhD, EngD, etc)
Advisor: Dr. Norou Diawara
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