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My lifelong vision is to use data theory to help everyone live physically, mentally and socially
healthier. With that goal in mind, I study learning from data with structures, motivated by appli-
cations in healthcare and social science including data science for social good. Thanks to improved
storage, sensing, and automated data collection technology, we now live in a world overflowing with
data. This data is often noisy, incomplete, and comes in large volumes. Extracting the information
we want out of it has become very interesting, because the abundance of data motivates us to
develop data-driven approaches, but at the same time, we need more robust and accurate inference
methods—solidly grounded in theory—to make sense out of this flood of messy data.

I focus on high-dimensional data that are supported on structures such as graphs
(networks), low-dimensional manifolds, or sparsity, and explore how our knowledge about
those structures can be exploited to solve challenging inference problems more accurately and
quickly. Mathematically, I am interested in developing algorithms for nonconvex optimization
with provable performance guarantees using data geometry, for which I leverage signal processing,
machine learning, optimization, information theory, graph theory, and (high-dimensional) statistics.

My emerging research program demonstrates a strong foundation in mathematical data science
[3, 7], as well as the ability to work in multiple application spaces such as remote sensing [6],
medicine [4], and sociology [2, 5]. My collaborations span many disciplines and institutions, devel-
oped independently from my academic advisors. Additionally, I have received three seed grants for
early-career researchers, and successfully mentored undergraduate researchers to publication [1, 2].

Medium-term goals as new faculty

For the next 5 years, my research will address the question “how can different groups help
each other learn from their data better?” While better meant “more accurate and faster”
initially, several projects have expanded the definition of better to include “more just and equitable”.

1. Data science theory and methods: Graphs and hypergraphs provide a versatile way to capture
complex interactions between different groups. How can we leverage this structure to develop
statistical methods that efficiently and effectively combine information from different entities?

2. Healthcare motivations: It has become evident that healthcare in the US is segregated not
only by geography but also race and socioeconomic class. How can we improve health disparity
in terms of both 1) accuracy of computational medicine and 2) access to quality healthcare?

3. Social science motivations: Most humans, including scientists, tend to stick with people
and data that reinforce their existing beliefs. How should we model and encourage “open-
mindedness” in 1) scientific collaborations and 2) policy making for resource allocation?

Data science theory and methods

Distributed multi-task learning Multi-task learning takes advantage of the similarities and
differences of related learning tasks, which can be helpful in federated learning or undersampled
settings. By representing the relationship between different datasets as a graph, my recent paper [3]
used graph regularization to motivate a fusion framework that doesn’t share the full data between
sites. Preliminary experiments showed that the proposed linear regression method significantly
reduced error on synthetic data, as well as improved performance on an income prediction task
where the real-world data is dis-aggregated by race. My proposal to deepen the mathematical
understanding of this federated learning approach, e.g. by improving the algorithm and proving
superior sample complexity, was awarded the AMS-Simons Travel Grant (2022-2024).
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Figure 1: High-level schematic of my approach to distributed multitask learning (MTL). It is motivated
by hospitals that are segregated by race and socioeconomic class based on their physical locations. I aim to
develop theoretical tools that can “cleverly combine” the local estimates to treat each subpopulation better.

Graph-structured data I have expertise in graph-based learning for al-
gorithm, theory, and numerical experiments. In particular, my PhD thesis
centered around graph regularization, an optimization technique that guides
the signal to have desired properties with respect to a graph. My research
on trend filtering [7] and matrix factorization [6] resulted in two IEEE
journal and two IEEE conference publications, as well as the Best Poster
Prize at February Fourier Talks (2019) and the CMU David H. Barakat
and LaVerne Owen-Barakat CIT Dean’s Fellowship (2020).

Nonconvex optimization My theoretical research has shown that some nonconvex optimization
problems are (surprisingly!) well-behaved for data with structures. In graph trend filtering [7],
we applied nonconvex penalties on the smoothness of the signal as motivated by piecewise-smooth
graph signals, which produced less biased estimates both in theory and in simulations than exist-
ing convex approaches. Despite the nonconvexity, we proved convergence of the proposed ADMM
algorithm to first-order estimators and derived theoretical bounds for the same estimators using
high-dimensional statistics and spectral graph theory. For data stuctures beyond graphs, I am
(along with applied topologists and algebraic geometrists) designing an equivariant dimensional-
ity reduction algorithm for data on Stiefel manifolds. Even though optimization problem on the
manifold is nonconvex, we have mathematically and experimentally shown that under some data
assumptions, any first-order method with random initialization will lead to an effective projection
map. This has yielded a PCA-like algorithm, which we plan to test on neuroscience data soon.

Applications

Health disparity My interest in multi-task learning stems from problems in our healthcare system.
Despite their common goal, hospitals in large cities serve distinct populations of the community,
likely segregated by race and socioeconomic class based on their physical locations. While [3]
focused on improving the accuracy of computational models in this setting, I plan to extend the
work to discuss equal access to high-quality healthcare. In that effort, I am writing grant proposals
with Nathan Alexander (Morehouse) et al. for the NSF, NIH, and The Robert Wood Johnson
Foundation to quantify structural racism for health disparity, incorporating tools from geospatial
analysis, topology, network science, and information theory. I am well-equipped for this project,
based on my extensive biomedical informatics experience with medical data and clinicians. For
example, in a multi-year effort with Nationwide Children’s Hospital, we curated a large pediatric
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clinical sleep studies dataset [4], and I have a machine learning for sleep scoring paper under review.
I also studied cardiovascular risk profiling from long-term ECG for my master’s thesis at MIT, and
used computer vision for automated diagnosis of middle ear infection at CMU with UPMC.

Science of science Since graphs are an intuitive choice to model the dy-
namics between different scientific agents (e.g. institutions, topics, papers),
I have been working on bringing traditionally disjointed fields in diverse
intelligence together using network analysis, graph embedding and natural
language processing. We predicted which topics in ML/AI will be studied
together in the near future from a large, time-varying semantic network
[5], which received the IEEE BigData Cup Challenges Special Prize (2021).
I also mentored an REU project that identified communities in cognitive
science that study similar topics but do not cite each other or publish in

the same venues, which was published at a NeurIPS workshop [2]. I continued to mentor one of the
undergraduate students for her Honors thesis, and we developed a simple entropy-based method
to identify topic shifts in cognitive science before and after the resurgence of neural networks fol-
lowing AlexNet; this work was recently accepted for publication [1]. Lastly, I was awarded the
UCLA IDRE Postdoctoral Fellowship (2022) to study how dynamic hypergraph embedding can help
accelerate scientific discovery. I am excited to connect this to multi-task learning, which has not
been explored before.
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