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Accomplishments
* What are the major goals of the project?

The UC Davis TETRAPODS Institute of Data Science (UCD4IDS)---composed of thirty-five researchers (four PIs and thirty-
one senior personnel) coming from four departments (Computer Science, Electrical & Computer Engineering, Mathematics,
and Statistics)---will break interdepartmental barriers and promote interdisciplinary research collaborations among faculty
members, postdocs, and graduate students. Our project will encourage innovative and robust research, and provide
education and mentoring of graduate students and postdocs in data science.
In particular, research at the UCD4IDS will focus on three broad themes: 1) Fundamentals of machine learning directed
toward biological and medical applications; 2) Optimization theory and algorithms for machine learning including numerical
solvers for large-scale nontrivial learning problems; and 3) High-dimensional data analysis on graphs and networks.
The technical goals of the above themes are: 1) geometric understanding of high-dimensional data, which may allow efficient
(re)sampling from manifolds representing certain phenomena of interest and classifying subtle yet critical differences that
often appear in biological and medical applications; 2) providing theoretical guarantees and efficient numerical algorithms for
non-convex optimization, which is crucial to machine learning; and 3) deepening understanding of how local interactions
between  individual entities (e.g., neurons) lead to global coordination and decision making.
Students and postdocs engaged in this project will be trained to be the next generation of interdisciplinary data scientists: they
will gain deep knowledge of some focused areas, and at the same time, broaden their perspectives in other diverse fields.
The UCD4IDS will bring in the insights gained by the experience of the faculty members in the four primary departments as
well as application fields such as neuroscience, medical and health sciences, and veterinary medicine.

* What was accomplished under these goals and objectives (you must provide information for at least one of
the 4 categories below)?

* Conducted research; prepared and published some of our results; presented and
disseminated some of our results at conferences and seminars



Specific Objectives:

* Co-organized the First Joint CeDAR/UCD4IDS Conference on December 2, 2022,
which was quite a success. More than 40 people participated including about eight
online participants. We learned about the latest research related to data science in our
campus by six experts. Despite the UAW graduate student strike, quite a number of
graduate students showed up! We also video recorded the talks, which are available
online.

* Co-organized the 2023 ADVANCE Symposium together with Center for the
Advancement of Multicultural Perspectives on Science (CAMPOS) on April 22, 2023,
which highlighted and celebrated the contributions that the ADVANCE awardees have
made to their fields and communities. The annual ADVANCE Scholar Award for UC
Davis faculty acknowledges outstanding research, leadership and outreach to
underserved communities, including through mentorship of under-represented students.

* Again, initiated quite a number of UC Davis internal collaborations

* Collaborated with three UC Davis groups that engage in data science research and
education: Center for Data science and Artificial intelligence Research (CeDAR); the UC
Davis DataLab; and the following two NSF-funded institutes: AI Institute for Next
Generation Food Systems (AIFS); and HSI Strategic Innovation Summit for Advanced
Research and Instruction in Artificial Intelligence and Quantum Information Sciences
(HSI-SIS)

* Organized online seminar series related to data science throughout the academic
quarters: the Mathematics of Data and Decision at Davis (MADDD) seminars; the
Statistics seminars

* Organized annual Joint Mathematics/Statistics Colloquium

* Organized reading seminars on the subjects closely related to the project

* Maintained and constantly updated a website dedicated to our UCD4IDS

* Selected 21 graduate students among our four departments (CS: 1; ECE: 3; Math: 11;
Stat: 6) and supported them partially as Graduate Student Researcher. Note that the
funding allocations are not uniform among these 21 students; some only received
partial summer support while the others received the maximum allowable amount for an
academic quarter.

* More users have been added for the use of the GPU cluster in our UC Davis High
Performance Computing (HPC) Core Facility. We were supposed to contribute our
equipment funding to purchase a GPU system earlier, but due to some HPC
administration problems, this did not happen until this summer (although we were able
to use the existing GPU systems at HPC). Finally, our purchase order was processed,
and will receive the new GPU system soon.

1) Improve our geometric understanding of high-dimensional data, which may allow
efficient (re)sampling from manifolds representing certain phenomena of interest and
classifying subtle yet critical differences that often appear in biological and medical
applications
2) Investigate and develop data harnessing, feature selection, statistical unsupervised
learning, data sampling/streaming methodologies and algorithms
3) Provide theoretical guarantees and efficient numerical algorithms for non-convex
optimization, which is crucial to machine learning
4) Investigate private, secure, and on-device machine learning
5) Investigate and develop tools for analyzing hypergraphs, tensors, and high-volume
neural data, detecting anomalies/changes over networks, analyzing network structures
via random matrix theory, and making cloud-based machine learning more efficient
6) Launch more internal collaborations within our four disciplines



Significant Results:

7) Guide postdocs to become more independent data scientists who can contribute to
our overall aims
8) Guide graduate students for data science research and education

The numbering corresponds to that of Specific Objectives section.

1) Hass(Math)/Koehl(CS) developed new algorithms to compute the Monge-
Kantorovich and the Fromow-Wasserstein distances between two 3D shapes
represented by triangulated meshes. These are based on statistical physics that
removes the numerical instabilities associated with current algorithms, were applied for
protein structure characterization.

Arsuaga(Math/MCB)/Vazquez(Math/MMG) worked on topological data analysis of
cancer genomes: Analysis of the chromosome gains in 2q and 5p identified by their
software TAaCGH in Luminal A patients has revealed three genes that are associated
with patient survival, among others.

De Loera(Math) worked on: 1) Reinforcement Learning applied to the problem of
solving integer programming problems; and 2) Application of topological data analysis in
image segmentation of neurologically important cells that have a rather complicated
morphology in 3D.

Polonik(Stat) developed a flexible notion of strong stability allowing for a unifying
approach to normal approximation for stabilizing statistics based on Poisson and
Binomial processes including various geometric/topological statistics: Euler
characteristic, k-NN graph length, and Shannon entropy.

Devambu(CS) studied the ability of Large language models to synthesize code from
input/output examples, and conducted a study of the calibration of models when
generating code.

Jiang(Stat) studied HD asymptotic behavior of GWAS summary statistics and extended
his previous classified mixed model prediction method to classified mixed model
projection.

Rademacher(Math) made progress on a problem motivated by the analysis of
combinatorial and geometric algorithms: the study of finite sets of Gaussian random
points in R^d. His main results are asymptotic formulas for the number of facets and
pairs of disjoint facets of the convex hull of Gaussian random point sets.

2) Ghiasi(ECE) developed signal analysis algorithms that improved SNR of sensed data
under patient safety constraint, enable more accurate fetal heart tracking, and
denoising of the raw sensed PPG waveforms, which were validated using in-vivo data
obtained from large animal models and human subjects.

Fushing(Stat) developed algorithms for exploring and extracting information of relational
and associative patterns between the time series response variables and covariate
variables of many dimensions without man-made assumptions and structures.

Lopes(Stat) developed a new method to estimate errors of a widely-used randomized
algorithm (Random Fourier Features), which can be applied broadly in the machine
learning field because of its ability to handle very large datasets. He also developed a
new bootstrap method for approximating the distributions of eigenvalue-based statistics
associated with HD sample covariance matrices.

Rajaratnam(Stat) extended the Khinchin-Kahane inequality, a fundamental result in the
probability literature, to arbitrary metric abelian groups; and also demonstrated how the



trajectory of local aerosols together with Green house gases will shape near-future
precipitation patterns over South Asia using statistical methods.

3) Balasubramanian(Stat) proved results on Gaussian variational inference algorithms
for non-log-concave targets; HD stochastic optimization; Gaussian approximations for
deep neural networks; provable sampling from heavy-tailed densities; and particle
methods for sampling.

Lai(ECE) studied the fairness-aware regression problems, and designed robust
algorithms even in the presence of adversarial data contaminations. Significant
fairness/accuracy improvement over existing methods is observed. He also
characterized the tradeoff between the fairness and accuracy for robust regression
problems, which will be useful for designing practical algorithms that have constraints
on both fairness and accuracy metrics.

Fannjiang(Math) developed uniqueness theory for 3D phase retrieval with finite,
discrete measurement data for strong/weak phase objects including: 1) Unique
determination of phase projections from diffraction patterns; 2) Uniqueness for 3D
phase unwrapping; and 3) Uniqueness for projection tomography. This approach has a
practical implication of enabling classification and alignment when relative orientations
are unknown.

Koeppe(Math) migrated the development infrastructure of the open source SageMath
project from a self-hosted Trac server to the GitHub organization sagemath; 35000
tickets/issues/PRs, 1900 developer accounts, 1000 release tags were migrated.

4) Chuah(ECE) proposed a privacy-preserving synthetic data generation model that
incorporates differential privacy through adaptive noise injection and randomize path
selection via map-matching to generate synthetic mobility data that can provide privacy
guarantees while retaining key human mobility patterns.

Zhi(ECE) developed a novel federated learning framework where the centralized server
and clients (with heterogeneous data) jointly train a deep learning model. His partially-
shared federated learning generative adversarial network model only requires clients to
exchange the discriminators with the server but not the data generator, which ensures
strong user data privacy and low bandwidth usage.

Strohmer(Math) developed a polynomial-time algorithm that creates a differentially
private measure from a data set, which allows one to efficiently construct private
synthetic data that are accurate for a wide range of statistical analysis tools.

5) Chaudhuri(Math/NPB) generalized his theory on common information encoding
strategies in the brain that result in nonlinear low-dimensional structures in neural data
to a broader family of information encoding strategies. He also developed
adecorrelation theory of neural responses by neurons in a brain region (the entorhinal
cortex), and confirmed predictions of this theory by experimental data.

Chen(Stat) generalized the causal inference framework with point-process treatments to
the multivariate setting, which shows that the identification of causal estimands strongly
depends on the type of instrumental variable. We proposed a novel method for additive
shape invariant models that can be applied to a variety of neural data from controlled
experiments with multiple stimuli.

T.Lee(Stat) developed an uncertainty quantification method for HD spectral line
estimation and an automatic structure recognition algorithm for astronomical objects. In



Key outcomes or Other
achievements:

the context of bandit problems, he proposed different frameworks for hyperparameter
selection and generalized low-rank problems.

Le(Stat) studied network parametric bootstrap where the number of parameters grows
linearly with the network size and showed that bootstrap samples from the estimated
model generally suffer from bootstrap bias and proposed a second-level bootstrap
procedure to correct it, which was used for constructing confidence intervals for network
statistics.

Paul/T.Lee(Stat) continued to investigate Bayesian inference procedures for
understanding the dependency in HD data that based on the correlatedness in terms of
graph wavelets.

Saito(Math) developed methods to analyze signals recorded on edges and faces of
simplicial complexes by multiscale basis dictionaries using Hodge Laplacians and
the scattering transform using such dictionaries.

Results from our former postdocs who are still associated with UCD4IDS

Schonsheck(Math) published papers on: 1) a new nonlinear dimensionality reduction
using the persistent cohomology of a dataset and solving a manifold-constrained
optimization problem while preserving the homotopical information; 2) multiscale bases
for simplicial complexes using Hodge Laplacians. He also submitted a paper on
approximating nonlinear functions on unknown manifolds.

Shi(Stat) developed an L0 approximation using iteratively re-weighted L1, convergence
of the method was established, and some simulation study was completed.

6) Launch more internal collaborations within our four disciplines:

During this period the following new collaborations within UC Davis have been initiated
by the participants on this grant, which should be considered as key outcomes. Note
that we are not listing those already listed in our last year's report.

+ Arsuaga/Vazquez(Math/MCB): with Shirley Ahn(Chem. Eng.) on predicting
coronavirus host expansion events: a combination of machine learning, molecular
modeling and experiments as well as 3D reconstruction and dynamics of the connector
protein complex in bacteriophages.

+ Chaudhuri(Math/NPB): with Timothy Hanks (Neurology), Lin Tian (Biochemistry and
Molecular Medicine), and Xiaomo Chen (Neurobiology, Physiology and Behavior) on
studying neuromodulatory control of decision-making.

+ Chaudhuri(Math/NPB): with Xiaomo Chen (Neurobiology, Physiology and Behavior)
on the timescales of cortical dynamics.

+ Chaudhuri(Math/NPB): with Ben Yoo (Electrical and Computer Engineering), Randall
O'Reilly (Psychology/Computer Science), and Daniel Cox (Physics) on neuromorphic
computing.

+ Hsieh(Stat): with 1) Emilio Ferrer (Psychology) on a longitudinal study of late
adolescent's self-perception; 2) Bárbara Blanco-Ulate (Plant Science) on color evolution
of pistachio.

+ Jiang/Paul(Stat) on a project related to genome-wide association study (GWAS)

+ Paul(Stat) with Nina Dörnemann (Stat) on spectral behavior of partial sum processes
associated with sample covariance matrices.



+ Strohmer(Math): with Rachael Callcut and Jason Adams (both UC Davis Health) on
the development of an algorithmic framework for the faithful and privacy-preserving
generation of heterogeneous, dynamic synthetic datasets to boost the development of
clinical decision support applications.

Also during this review period, some of the UCD4IDS members received the following
noteworthy awards:

+ Four faculty members received the 2023 Graduate Program Advising and Mentoring
Awards from the Office of Graduate Studies: Rishi Chaudhuri (Math/NPB); Jesus De
Loera (Math); Prem Devanbu (CS); and Krishna Balasubramanian (Stat), for their
excellence in mentoring our graduate students.

+ Our former faculty member, Xiaodong Li (Stat), received a 2023 UC Davis
Chancellor's Fellowship, which provided $25K in unrestricted funds for his research or
other scholarly work.

+ Prem Devanbu (CS) received two honors: one is the prestigious Alexander von
Humboldt Research Award and the other is the 2022 ICSE Most Influential Paper Award
(with his collaborators).

Finally, we conducted the external evaluation on our progress provided by the Institute
for Social Research (ISR) at Sacramento State Univ. ISR is an interdisciplinary applied
research center that has served as the external evaluator for numerous NSF-funded
projects that support the STEM disciplines. In particular, ISR was an external evaluator
for the NSF-sponsored project, "Interdisciplinary Training in Feminist Research for
STEM Scholars" at UC Davis. The details can be found in the supporting file
"UCD4IDS_Program Survey Summary_FINAL_03.29.23.pdf".

Here we show the Executive Summary of ISR's UCD4IDS Program Survey report:
The UC Davis TETRAPODS Institute of Data Science (UCD4IDS) is supported by the
National Science Foundation (NSF) to unify data science research and education
across four disciplines: Computer Science, Electrical & Computer Engineering,
Mathematics, and Statistics. The primary goal of UCD4IDS is to identify and address
cross-interdepartmental barriers and encourage interdisciplinary research collaborations
among faculty members, postdocs, and graduate students. To this end, UCD4IDS
organized various program activities including but not limited to, round-table
discussions, quarterly colloquia, and annual workshops to foster an interdisciplinary
data science community at UC Davis.
UCD4IDS partnered with the Institute for Social Research (ISR) to evaluate the impact
of UCD4IDS program activities and gain a better understanding of ways the program
could be improved in the future. Consequently, program surveys were created and
distributed to both faculty^1 (N=39) and student^2 (N=49) participants between
December 3, 2022 – January 6, 2023. However, due to low response rates, the
deadline was extended to January 20, 2023. At the end of data collection, response
rates for faculty members reached 79 percent and student response rates reached 78
percent.

Key Insights & Recommendations
Seminar & Colloquia | Overall, more than 90 percent of respondents rated the quality of
seminars as good, very good, or excellent. Similarly, more than 80 percent of
respondents rated the quality of colloquia positively^3. However, a majority of
respondents were not aware of seminar recordings and PowerPoint presentations
available online. As a result, students recommended consolidating information
regarding program activities in one place. In doing so, respondents may be more aware
of resources and keep up-to-date with relevant program information.



Hardware & GPU | More than 70 percent of faculty and student respondents who have
established an account on the GPU system found it useful. At the same time, faculty
respondents reported several difficulties using this system. Faculty and student
respondents emphasized the need for additional resources on how to use the GPU
system.

Collaborations | More than 80 percent of faculty respondents felt enough opportunities
were given to collaborate compared to student respondents (51%). Coordinating
communication between collaborators emerged as the one major difficulty experienced
by both faculty and students.

Software & Website Issues | Although a majority of respondents are aware of the
GitHub website, fewer faculty and student respondents have utilized the website to
download codes. Recommendations include clarity between various relevant websites
and the need for a website coordinator.

Future of Data Science | While the majority of respondents were in favor of establishing
a graduate group in data science, respondents also expressed concerns regarding
various changes. Importantly, faculty and student respondents suggested ways to
improve data science research, education, and activities which include increasing the
number of professors and courses available, creating data science competitions to
engage students, and providing more opportunities to build industry connections.

Footnotes:
1 Faculty includes the lead PI, co PI, faculty, postdocs, alumni faculty, and alumni
postdocs.
2 Student includes graduate students and student alumni.
3 Positively represents respondents who indicated ‘good’, ‘very good’ or ‘excellent’.

* What opportunities for training and professional development has the project provided?

7) Guide postdocs to become more independent data scientists who can contribute to our overall aims

* Our former postdoc, Stefan Schonsheck (Math), completed his postdoc position,
and became the Krener Assistant Professors (KAP) in the UC Davis math dept. with
100% appointment from July 2022 to June 2023. Subsequently, he successfully landed as a postdoctoral researcher at
MILA/Univ. Montreal, Canada. Another former postdoc Xueheng Shi (Stat) who worked here from September 2021 to July
2022, successfully obtained a tenure-track assistant professor position at Univ. Nebraska-Lincoln, and started there in Fall
2022.

* In addition, Schonsheck worked as a reviewer for: 1) the ICLR workshop on Geometric Methods for Data Science (2023); 2)
AIStat2023 where he was given a "top reviewer" award for his reviews.

* Finally, both Schonsheck and Shi gave their talks at our Joint CeDAR/UCD4IDS
conference where totally six people were invited for talks. Schonsheck gave 3 more conference talks while Shi gave one
seminar as reported in the dissemination section.

8) Guide graduate students for data science research and education
* We have organized two regular weekly seminar series throughout the year, i.e.,
The Mathematics of Data and Decisions at Davis (MADDD) seminars and the Statistics Seminars. These seminars are
targeted toward not only faculty experts but also graduate students interested in data science and machine learning. Many of
these talks, especially, the MADDD seminar talks, were videotaped and placed on a public website for dissemination
purposes.

* We also encouraged and supported our students to attend conferences and give their talks.  It is our please to report that
more than 10 talks were delivered by our students. See our Dissemination section for details.



* Many graduate students took online courses and tutorials on data science related subjects, in particular, via some YouTube
channels and the online courses provided by Stanford University.

* UC Davis DataLab, with which we collaborate, provided several useful workshops on programming languages and software
tools such as Python, R, Git. Our graduate students benefited by these.

* Have the results been disseminated to communities of interest? If so, please provide details.

Beyond our publications/other products listed in the Products section, we gave more than 118 seminars and talks during this
review period.

Arsuaga(Math/MCB): MathFest, Sonoma State U., Apr. 2023
SAMSA-MASAMU CRN virtual colloq., U. Auburn, AL, Mar. 2023
Pandemic Engineering for Accessibility & Community Engagement, Davis, CA, Oct. 2022
CMC3 Conf. for California Community Colleges, Online, Apr. 2022

Aue(Stat): 24th Intern. Conf. on Computational Stat, U. Bologna, Italy, Online, Aug. 2022
NBER-NSF Time Series Mtg., Boston U., Online, Sep. 2022
Stat Sem., U. Hong Kong, Online, Nov. 2022
Advances in Time Series Conf., Le Mans U., France, Online, Nov. 2022
Keynote speaker, 16th German Probability & Stat Days, Essen, Germany, Mar. 2023
Workshop on Mathematical Stat in the Information Age, Freiburg, Germany, Mar. 2023
Stat Sem., Texas A&M U., College Station, TX, Apr. 2023
Workshop on Big Data in Economics & Finance, U. Cambridge, UK, May 2023
Workshop on Applications of Random Matrices in Economics & Stat, U. Oxford, UK, May 2023

Balasubramanian(Stat): 6th Intern. Conf. on Econometrics & Stat (EcoSta 2023), Tokyo, Japan, Aug. 2023
10th Intern. Congress on Industrial & Applied Math (ICIAM), Tokyo, Japan, Aug. 2023
Intern. Indian Stat. Association (IISA), Colorado, Jun. 2023
SIAM Conf. on Optimization, Seattle, May 2023
Bay Area Conf. on Optimization, Berkeley, May 2023
CMX Sem., Dept. Computational & Mathematical Sciences, Caltech, Apr. 2023
Industrial & Systems Engineering Sem., USC, Jan. 2023
Stat Sem., Columbia U., Jan. 2023
Information Systems Laboratory Colloq., Stanford U., Jan. 2023
Reunion workshop for the Geometric Methods in Optimization & Sampling program, Berkeley, Jan. 2023
IISA meeting, Bangalore, India, Dec. 2022
Chennai Mathematical Inst., Chennai, India, Dec. 2022
Indian Inst. of Technology - Madras, Chennai, India, Dec. 2022
Google research, Bangalore, Dec. 2022
Inst. of Mathematical Sciences, Chennai, India, Dec. 2022
Optimization in the Big Data Era, NUS Singapore, Dec. 2022
INFORMS Annual Mtg., Indianapolis, Oct. 2022
Stat Sem., UCLA, Oct. 2022
CS Sem., UCLA, Oct. 2022
Stat Sem., U. Michigan, Ann Arbor, Sep. 2022

Chaudhuri(Math/NPB): Transformations of the Human, UCB, Jan. 2023
Redwood Sem., UCB, Feb. 2023
Graduate Group in Applied Math Conf., UCD, Mar. 2023
Neurofest 2023, UCD, Mar. 2023
Computation & Theory Sem., HHMI Janelia Research Campus, Ashburn, VA, Apr. 2023

Chen(Stat): ICSA 2023 Applied Stat Symp., Ann Arbor, MI, June 2023
WNAR/IMS 2023 Annual Mtg., Anchorage, AK, June 2023
2023 Xiamen Symp. on Frontiers of Stat & Data Sci., Jul. 2023
EcoSta 2023, Tokyo, Japan, Aug. 2023
2023 Hangzhou Intern. Conf. on Frontiers of Data Sci., Aug. 2023



Chuah(ECE): CITRIS Workshop on K12-College STEM Education Partnership, Jul. 2023
CITRIS Advisory Board Mtg., Aug., 2023

De Loera(Math): Simons Center for Geometry & Physics "Workshop: Combinatorics & Geometry of Convex Polyhedra" Mar.
2023
Combinatorics Sem., U. Mass. Amherst, Feb. 2023
Applied Math Colloq. Speaker, Rice U., Apr. 2023
"Geller Lecture," Dept. of Math. Texas A&M U., Apr. 2023
Harvard-MIT combinatorics sem., May 2023
Plenary Speaker, SIAM Optimization Conf., Seattle, WA, May 2023

Devanbu(CS): Dagstuhl Sem. 23062 "Programming Language Processing," Feb. 2023
CS Sem., U. Stuttgart, Germany, Mar. 2023
Sem., SAP Labs, Heidelberg, Germany, Apr. 2023

Ding(ECE): Sem., Imperial College of London, London, UK, Mar. 2023
Sem., U. Minnesota, Minneapolis, MN, Mar. 2023

Fannjiang(Math): Applied Inverse Problems Intern. Conf., Göttingen, Germany, Sep. 2023
IPAM workshop on Diffractive Imaging with Phase Retrieval, Oct. 2022
Sem., National Chiao Tung U., Taiwan, Nov. 2022
Sem., National Central U., Taiwan, Nov. 2022

Jiang(Stat): Invited lecture series, Washington Stat. Society, Online, Dec. 2022
IISA Conf., Golden, CO, Jun. 2023
Academia Sinica, Taipei, Aug. 2023

Koeppe(Math): Sage Days 117 (hybrid), Feb. 2023
Sage Days 120 (hybrid), Jul. 2023

Lai(ECE): Annual Allerton Conf. on Communication, Control, & Computing, Montecello, IL, Sep. 2022

Le(Stat): EcoSta 2023, Tokyo, Japan, Aug. 2023
IISA, Golden, CO, Jun. 2023

T.Lee(Stat): Joint Stat. Mtgs, Washington, DC, Aug. 2022
CHASC/RISE-Astrostat Workshop, Harvard-Smithsonian Center for Astrophysics, Cambridge, MA, Aug. 2022
Another talk at CHASC/RISE-Astrostat Workshop, Harvard-Smithsonian Center for Astrophysics, Cambridge, MA, Aug. 2022
Eighth Bayesian, Fiducial & Frequentist Conf., Cincinnati, OH, May 2023

Lopes(Stat): EcoSta, Tokyo, Online, Aug. 2023
Stat Sem., UCSB, Mar. 2023
Dept. Math & Stat Sem., Auburn U., AL, Online, Feb. 2023
Computational Math Sem., Oak Ridge National Laboratory, Nov. 2022

Paul(Stat): Sem., Stat & Math Division, Indian Stat. Inst., Kolkata, Aug. 2023

Polonik(Stat): Workshop on "Nonlinear & High-dimensional Inference," Inst.
Henri Poincare, Paris, France, Oct. 2022
Sem., Orsay U., Paris, France, Nov. 2022
Conf. on "Geometry & Stat," Harvard U., Mar. 2023
Foundations of Computational Math (FoCM) Conf., Paris, Jun. 2023
Workshop in Lifting Inference of Kernel Embeddings, Bern, Switzerland, Jun. 2023

Rademacher(Math): ICERM, Brown U., Sep. 2022
Online sem. on Probability & Analysis, Mar. 2023
Online sem. on Geometry, Probability & Computing, Apr. 2023
CS Sem., UCSD, May 2023



Sem., Halıcıoğlu Data Sci. Inst., UCSD, May 2023
Talk, UCD COSMOS, Jul. 2023

Saito(Math): Sem., Math & Informatics Center Sem., U. Tokyo, Japan, Aug. 2022
JSIAM Annual Mtg., Hokkaido U., Japan, Sep. 2022
Intern. Conf. on Wavelet Analysis & Pattern Recognition, Toyama, Japan, Sep. 2022
Minisymp. on Geometry of Data: from Manifolds to Graphs, SIAM Conf. Math of Data Sci., San Diego, CA, Online, Sep. 2022
Poster presentation, NSF HDR PI Mtg., Alexandria, VA, Oct. 2022
Applied Math Sem., Yale U., Nov. 2022
Conf. on A Multiscale Tour of Harmonic Analysis & Machine Learning, IHES, France, Apr. 2023
Graph Signal Processing Workshop, Oxford, UK, Jun. 2023
Workshop on "Foundations of Numerical PDEs," FoCM 2023, Paris, France, Jun. 2023
SampTA 2023, Yale U., Jul. 2023
Minisymp. on "Recent Advances in Multiscale Transforms for Image Analysis," ICIAM 2023, Tokyo, Japan, Aug. 2023
Workshop on Linear Algebraic Graph Theory, Hiroshima U., Japan, Sep. 2023

Strohmer(Math): Sem., Northwestern U., Apr. 2023
Penn Math Colloq., UPenn, Apr. 2023
Symp. on Responsible Innovation at the Intersection of Privacy & AI, UCD, Mar. 2023
3rd ACM Intern. Conf. on AI in Finance, New York, Nov. 2022

Postdocs:

Schonsheck(Math): 1st Joint CeDAR/UCD4IDS Conf., UCD, Dec. 2022
Applied Math Days, RPI, 2023

Shi(Stat): 64th ISI World Stat. Congress, Ottawa, Canada, Jul. 2023

Graduate Students:
Almendra Hernandez(Math): Nonlinear Algebra & Stat Sem., Illinois Inst. of Technology, Apr. 2023
Special session on "Math in Data Sci." at the AMS Sectional Mtg., Cal State Fresno, May 2023

Bhattacharjee(Stat): IISA Conf., Golden, CO, June 2023

Chak(Math): ADVANCE Award Symp., UCD, Apr. 2023
AMS Special Session on Data Sci. at the Crossroads of Analysis, Geometry, & Topology, JMM, Boston, MA, Jan. 2023

Chan(CS): 4th Intern. Conf. on Precision Nutrition & Metabolism in Public Health & Medicine, Ioannina, Greece, Jun. 2023

Chen(Math): 2023 Intern. Conf. on Machine Learning, Honolulu, HI, poster, Jul. 2023
39th Conf. on Uncertainty in Artificial Intelligence, Pittsburgh, PA, poster, Aug. 2023

He(Math): Algorithms & Computationally Intensive Inference Sem., Warwick, UK, Online, May 2023

Joarder(ECE): ACM CHASE23, Orlando, FL, Jun. 2023

Knight(Math): 2023 ADVANCE Award Symp., UCD, poster, Apr. 2023
Workshop on Modern Applied & Computational Analysis, ICERM, Brown U., poster, Jun 2023

Weicht(Math): 2023 ADVANCE Award Symp., UCD, poster, Apr. 2023

Dissemination effort other than talks:
Saito(Math) has maintaining the UCD4IDS GitHub website, which currently lists 12 open-source software packages including
his own packages.

Koeppe(Math) has been the lead developer of SageMath, an open source mathematical system that has become important in
data science.



* What do you plan to do during the next reporting period to accomplish the goals?

We will plan to have more in-person seminars, meetings, and roundtable discussions in the forthcoming year to make further
progress on every front of research, teaching, and training of our graduate students. In addition, we plan to organize a
workshop in Winter 2024, which will be associated with an opening ceremony for our data science activity space (with offices,
meeting rooms, a lot of open space for interactions, etc.) on the first floor and the basement of the Physical Science and
Engineering Library (currently under renovation).
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Nearest Person Month Worked: 0

Contribution to the Project: Conducted research; co-supervised a graduate student in Biostatistics (Maxime Pouokam);
attended seminars; participated in the roundtable discussions

Funding Support: None

International Collaboration:  No
International Travel:  No

Rishidev Chaudhuri
Email: rchaudhuri@ucdavis.edu



Most Senior Project Role: Faculty
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research; supervised graduate students; attended seminars; gave talks

Funding Support: UC Davis Planning Grant for Large Interdisciplinary Applications in Neuroscience (LIAN); UC Davis
New Faculty Startup Funds; Sloan Research Fellowship; Air Force Office of Scientific Research

International Collaboration:  No
International Travel:  No

Shizhe Chen
Email: szdchen@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; supervised graduate and undergraduate students; attended seminars

Funding Support: NSF DMS-1916476

International Collaboration:  No
International Travel:  No

Jesus De Loera
Email: deloera@math.ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 2

Contribution to the Project: Conducted research; supervised graduate students; attended seminars; participated in the
roundtable discussions, helped prepare a new grant for renewal, was active as steering committee member and looking at
funding for Math/Applied Math students.

Funding Support: NSF DMS-1818969

International Collaboration:  No
International Travel:  No

Premkumar Devanbu
Email: ptdevanbu@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Supervised graduate students; attended seminars; participated in the roundtable
discussions. Gave tutorial lectures on the use of Docker Containers in Scientific research in some settings.

Funding Support: NSF grants: 1414172; 2107592. A grant from Sandia National Laboratories.

International Collaboration:  No
International Travel:  No

Zhi Ding
Email: zding@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1



Contribution to the Project: Conducted research; supervised graduate students; attended seminars; joint work with
student and post-doctoral researchers to draft and revise manuscripts for publications; served as a member of the
Steering Committee

Funding Support: NSF grants: 1824553, 2009001, 2029037

International Collaboration:  No
International Travel:  No

Christiana Drake
Email: cmdrake@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 0

Contribution to the Project: Conducted research; supervised graduate students; attended seminars

Funding Support: CA Dept. Transportation grant 65A0686; US Dept. Veterans Affairs grant 1BX004423-01A1

International Collaboration:  No
International Travel:  No

Albert Fannjiang
Email: fannjiang@math.ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research; supervised graduate students; attended seminars.

Funding Support: Simons Foundation Grant FDN 2019-24

International Collaboration:  Yes, Taiwan
International Travel:  Yes, Taiwan - 0 years, 1 months, 10 days

Soheil Ghiasi
Email: ghiasi@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; supervised graduate students; attended seminars; participated in the
roundtable discussions

Funding Support: NSF grant CBET-1937158; NIH grant R21HD097467-A1

International Collaboration:  No
International Travel:  No

Joel Hass
Email: hass@math.ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 0

Contribution to the Project: Conducted research; attended seminars

Funding Support: NSF DMS-1760485 BSF grant 2018313



International Collaboration:  No
International Travel:  No

Fushing Hsieh
Email: fhsieh@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; supervised graduate students; attended seminars

Funding Support: None

International Collaboration:  No
International Travel:  No

Jiming Jiang
Email: jimjiang@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducting research; Supervising graduate students; Attended seminars

Funding Support: NSF DMS-1713120; DMS-1914465; DMS-2210569

International Collaboration:  No
International Travel:  No

Patrice Koehl
Email: pakoehl@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; supervised graduate students; attended seminars; served as a
member of the Steering Committee

Funding Support: NSF grant DMS-1760485 & DMS-1719582

International Collaboration:  No
International Travel:  No

Matthias Koeppe
Email: mkoeppe@math.ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Developed software; conducted research; supervised graduate students; organized a
weekly seminar (Fall 2022); curated a weekly selection of international online research seminars (Fall 2022)

Funding Support: NSF DMS-2012764

International Collaboration:  No
International Travel:  No



Lifeng Lai
Email: lflai@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; supervised graduate students; attended seminars

Funding Support: None

International Collaboration:  No
International Travel:  No

Can Le
Email: canle@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; supervised graduate students; attended seminars

Funding Support: NSF grant DMS-2015134

International Collaboration:  No
International Travel:  No

Miles Lopes
Email: melopes@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; attended seminars.

Funding Support: NSF grant: DMS-1915786; DOE grant DE-SC0023490

International Collaboration:  No
International Travel:  No

Debashis Paul
Email: debpaul@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; supervised graduate students; attended seminars.

Funding Support: NSF grant DMS-1915894

International Collaboration:  No
International Travel:  No

Wolfgang Polonik
Email: wpolonik@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; supervised graduate students; attended seminars.



Funding Support: None

International Collaboration:  No
International Travel:  No

Luis Rademacher
Email: lrademac@math.ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; supervised graduate students; attended seminars

Funding Support: NSF CCF-2006994

International Collaboration:  No
International Travel:  Yes, Chile - 0 years, 1 months, 15 days

Balakanapathy Rajaratnam
Email: brajaratnam@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; upervised graduate students; attended seminars; involved in
curriculum development.

Funding Support: NSF DMS-1916787

International Collaboration:  No
International Travel:  No

Stefan C. Schonsheck
Email: scschonsheck@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 6

Contribution to the Project: Conducted research: Stability of geometric convolutions, geometric normal flows, Chart-
based parameterization of data, Hodge-Decomposition for high-order simplexes, Persistent homology in spherical
coordinates, Spectral simplex convolution Organized Mathematics of Data and Decision at Davis (MADDD) seminar
series (Spring 2022). Constantly attended One World IMAGINE seminar seris.

Funding Support: Fully supported by the A. J. Krener Assistant Professorship, Department of Mathematics, UC Davis

International Collaboration:  No
International Travel:  No

Thomas Strohmer
Email: strohmer@math.ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; supervised graduate students; attended seminars

Funding Support: NSF-DMS-2027248; NIH-R01HL16351



International Collaboration:  No
International Travel:  No

Ilias Tagkopoulos
Email: itagkopoulos@ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; supervised graduate students; attended seminars.

Funding Support: NSF/USDA/NIH grants

International Collaboration:  No
International Travel:  No

Mariel Vazquez
Email: mariel@math.ucdavis.edu
Most Senior Project Role: Faculty
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research pertaining to Theme 1a: Geometry of Data. Supervised graduate and
undergraduate students; attended seminars; applied for extramural funding. Organized ADVANCE Symposium on
“Technology Tools for Advancing Equity: Artificial Intelligence, Accessibility, and Minimizing Misinformation ,” which was
co-organized by PI N. Saito, co-sponsored by TRIPODS, and featured a plenary talk by a UCD4IDS member, J. De Loera.

Funding Support: NSF DMS/NIGMS-2054347; DMS-1817156

International Collaboration:  No
International Travel:  No

Xueheng Shi
Email: xhshi@ucdavis.edu
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position)
Nearest Person Month Worked: 2

Contribution to the Project: Conducted research; attended seminars

Funding Support: NSF DMS-2113592 Partially supported by Department of Statistics

International Collaboration:  No
International Travel:  No

Felix Almendra Hernandez
Email: falmendrahernandez@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 4

Contribution to the Project: Conducted research; attended seminars

Funding Support: NSF grant DMS-181896

International Collaboration:  No
International Travel:  No



Samayita Bhattacharjee
Email: saabhattacharjee@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research; attended seminars

Funding Support: None

International Collaboration:  No
International Travel:  No

Wancheng Cai
Email: wccai@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research in generalized fiducial inference in multivariate linear regression.

Funding Support: None

International Collaboration:  No
International Travel:  No

Wai Ho Chak
Email: wchak@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 12

Contribution to the Project: Conducted research; attended seminars; presented in research symposiums; published
research papers

Funding Support: ONR N00014-20-1-2381

International Collaboration:  No
International Travel:  No

Trever Chan
Email: tchchan@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 12

Contribution to the Project: Conducted research; attended seminars

Funding Support: UC Davis AIFS reward grant

International Collaboration:  No
International Travel:  No

Xuxing Chen
Email: xuxing@math.ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research; attended seminars



Funding Support: UC Davis Dean’s Graduate Summer Fellowship Award

International Collaboration:  No
International Travel:  No

Benjamin Godkin
Email: bmgodkin@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research

Funding Support: None

International Collaboration:  No
International Travel:  No

Avishai Halev
Email: ahalev@math.ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research; participated in interdisciplinary discussions

Funding Support: None

International Collaboration:  No
International Travel:  No

Ammar Haydari
Email: ahaydari@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 8

Contribution to the Project: Conducted research; attended seminars.

Funding Support: None

International Collaboration:  No
International Travel:  No

Ye He
Email: leohe@math.ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research; attended seminars.

Funding Support: None

International Collaboration:  No
International Travel:  No



Elena Jaramillo-Rodriguez
Email: edgarjr@math.ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research; attended seminars; mentored undergraduate students

Funding Support: NSF AGEP supplement

International Collaboration:  Yes, Mexico
International Travel:  No

Rishad Joarder
Email: rrjoarder@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 11

Contribution to the Project: Conducted research; attended seminars; participated in group discussions

Funding Support: NSF IIS-1838939, 1937158; Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD), USA grant R21HD097467

International Collaboration:  No
International Travel:  No

Brian Knight
Email: bcknight@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research; attended several workshops

Funding Support: NSF Grant: DMS-1912747

International Collaboration:  No
International Travel:  No

Girish Kumar
Email: gkum@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 9

Contribution to the Project: Conducted research, learned theory and wrote publication

Funding Support: NSF-DMS-2027248, and R01HL16351

International Collaboration:  No
International Travel:  No

Acadia Larsen
Email: alarsen@math.ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 1

Contribution to the Project: Conducted research; participated in the roundtable discussions



Funding Support: NSF Award no. 2012764

International Collaboration:  No
International Travel:  No

Shuting Liao
Email: stliao@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research; attended seminars

Funding Support: NSF grants: DMS-1811405 & CCF-1934568

International Collaboration:  No
International Travel:  No

Lingyou Pang
Email: lyopang@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research; attended seminars

Funding Support: None

International Collaboration:  No
International Travel:  No

Jue Wang
Email: jujwang@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 9

Contribution to the Project: Conducted research; attended seminars

Funding Support: None

International Collaboration:  No
International Travel:  No

Xiawei Wang
Email: xxwwang@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research and finished two manuscripts, attended seminars.

Funding Support: None

International Collaboration:  No
International Travel:  No



Tait Weicht
Email: weicht@math.ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 2

Contribution to the Project: Conducted research; attended seminars

Funding Support: None

International Collaboration:  No
International Travel:  No

Achintha H. Wijesinghe
Email: achwijesinghe@ucdavis.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 3

Contribution to the Project: Conducted research; attended seminars

Funding Support: NSF2009001, NSF2029037, NSF1824553

International Collaboration:  No
International Travel:  No

What other organizations have been involved as partners?
Nothing to report.

Were other collaborators or contacts involved? If so, please provide details.
Nothing to report

Impacts

What is the impact on the development of the principal discipline(s) of the project?

The theory, algorithms, and software tools that have been and are being developed will be likely to make a positive impact in
solving practical data analysis and machine learning problems in our core disciplines, i.e., computer science (analyzing social
networks and website links); electrical engineering (monitoring and controlling sensor networks); mathematics (nonconvex
optimization theory and algorithms; data analysis on higher-order graphs); and statistics (inverse problems, statistical graph
and network analysis).

What is the impact on other disciplines?

Our research and development above will also be likely to make a positive impact on other disciplines, e.g., civil engineering
(monitoring traffic flow on a road network); biology and medicine (analyzing data measured on real neural networks, detecting
changes in the brain structures due to diseases, imaging live biological cells for analyzing their growth, real-time monitoring of
health of fetuses, privacy-protected medical diagnostics); agriculture and veterinary medicine (monitoring and improving milk
reproduction management), etc.

What is the impact on the development of human resources?

Through this project, many of our students have become familiar with data obtained from scientists in the different fields such
as neuroscience, biomedical engineering, medicine, environmental sciences, and anthropology, etc. Also, through the weekly
Mathematics of Data and Decision at Davis (MADDD) seminars, the weekly Statistics seminars, and the annual Joint
Mathematics/Statistics Colloquia, students in each of our four departments had opportunities to get to know the students from



the other three departments better. In addition, they had opportunities to meet and discuss with invited speakers from industry
to hear their experience in industry and what kind of knowledge and skills are expected in industry.

What was the impact on teaching and educational experiences?

We believe that we, as a group of 35 faculty members, have influenced on the major decision of our campus: we started
offering Data Science Undergraduate Major degrees in Fall 2022! The curriculum for this DS major degree will be organized
into four initial tracks: 1) Foundations; 2) Agricultural and Environmental Sciences; 3) Biological Sciences; and 4) Social
Sciences.
Then, majors in every track will receive ethics training as well as some foundational courses in CS, Math, and Stat, e.g., MAT
19 sequence (Calculus for Data-Driven Applications). About 100 students have enrolled as DS major in Fall 2022 as well as in
Fall 2023. We plan to accept about 100 students every year (totaling about 400 undergraduate students eventually).

What is the impact on physical resources that form infrastructure?

The project will contribute the campus-wide High Performance Computing (HPC) Core Facility for their GPU purchase. As we
reported in the Major Activities section, more than 30 members of the UCD4IDS created their CPU/GPU cluster accounts at
the HPC Core Facility, and started running their jobs on the currently available GPUs. Also, we could finally place our GPU
system purchase order this summer. Note that with the promise of this purchase, the HPC Core Facility allowed our members
to use their existing GPU system since Winter 2021.

What is the impact on institutional resources that form infrastructure?

UC Davis administration has allocated space for our activities in the first and ground floors of the Physical Sciences and
Engineering Library. Currently, the building renovation is 75% completed for this purpose with the planned completion date of
December 2023.

What is the impact on information resources that form infrastructure?

Our GitHub.com website, https://github.com/UCD4IDS/, currently lists 12 open-source software packages. Some of our
packages, e.g., sage, ContinuousWavelets.jl, and WaveletsExt.jl have been quite popular.

What is the impact on technology transfer?
Nothing to report.

What is the impact on society beyond science and technology?
Nothing to report.

What percentage of the award's budget was spent in a foreign country?
Nothing to report.

Changes/Problems

Changes in approach and reason for change
Nothing to report.

Actual or Anticipated problems or delays and actions or plans to resolve them
Nothing to report.

Changes that have a significant impact on expenditures
Nothing to report.

Significant changes in use or care of human subjects
Nothing to report.

Significant changes in use or care of vertebrate animals
Nothing to report.

Significant changes in use or care of biohazards



Nothing to report.

Change in primary performance site location
Nothing to report.


