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(V1) Bayesian Linear and Group Regression

Jun S Liu
Department of Statistics, Harvard University
Department of Statistics and Data Science, Tsinghua University

Abstract: After introducing the basic framework for Bayesian linear regressions, we explain the idea of using a
“neuronized” form to unify a class of popular priors and demonstrate its use in a genetic risk prediction task. We then
dive into the group-variable selection problem in Bayesian regression. We show how to use an efficient variational
approximation method to carry out necessary Bayesian computation so as to obtain good approximations to the
marginal posterior distributions of the targeted parameters. We demonstrate its advantages by both simulations and
applications to real-data examples. This is based on the joint work with Buyu Lin and Changhao Ge.

XIZEH % 1981 EENLFiEEM ;1985 FE T ALt RF 3R EA 2+
SArs 1991 FEAEEE Z N K EIR G LA, | 2000 £ 4, XE
TR E G KPRt RAGHR, T 2003-2015 FHATLG AV ST R
% ARG IS REELEIR (1991-1994) ; WitHAE K 22480 R BhEE 2L
P BB L5 HEF (1994-2004) 5 JbRRKEHE R RIL IR EER . 15
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(V2) Recent Development of Power Priors for Leveraging Historical Data

Ming-Hui Chen
Department of Statistics, University of Connecticut

Abstract: Historical data or real-world data are often available in clinical trials, genetics, health care, psychology,
environmental health, engineering, economics, and business. The power priors have emerged as a useful class of
informative priors for a variety of situations in which historical data are available. In this talk, an overview of the
development of the power priors is provided. Various variations of the power priors under a binomial regression
model and a normal linear regression model will be presented. Several interesting applications will be used to
demonstrate the usefulness of the power priors and their variations. Finally, the directions of future research on the

power priors are discussed.

Dr. Ming-Hui Chen is a Board of Trustees Distinguished Professor and
Head of Department of Statistics at University of Connecticut (UConn). He
was elected to Member of the Connecticut Academy of Science and
Engineering (CASE) in 2025, Fellow of American Association for the
Advancement of Science (AAAS) in 2024, Fellow of International Society
for Bayesian Analysis in 2016, Fellow of Institute of Mathematical Statistics
in 2007, and Fellow of American Statistical Association in 2005. He received
the University of Connecticut AAUP Research Excellence Award in 2013, the
UConn College of Liberal Arts and Sciences (CLAS) Excellence in Research
Award in the Physical Sciences Division in 2013, the University of

Connecticut Alumni Association's University Award for Faculty Excellence
in Research and Creativity (Sciences) in 2014, the ICSA Distinguished Achievement Award in 2020, and the
Distinguished Science Alumni Award from Purdue University in 2023. He has published 485+ peer-reviewed journal
articles and five books including two advanced graduate-level books on Bayesian survival analysis and Monte Carlo
methods in Bayesian computation. He has supervised 42 PhD students. He served as, President of ICSA (2013), Chair
of the Eastern Asia Chapter of International Society for Bayesian Analysis (2018), President of New England
Statistical Society (2018-2020), and the 2022 JSM Program Chair. Currently, he is Co Editor-in-Chief of Statistics
and Its Interface, inaugurated Co Editor-in-Chief of New England Journal of Statistics in Data Science, and an
Associate Editor for several other statistical journals.

16



* HHAREITE

SH 10 H FFHEABRERHE
FFEA: R EITRE

(A1) Recover Concentrated Semi-Bayesian Estimation

VAR ETTR
Abstract: A concentrated semi-Bayesian estimation method is proposed in this paper, which is computationally
attractive while maintaining the advantages of traditional Bayesian estimation methods. This approach allows for
computation with Markov Chain Monte Carlo methods, and it requires considerably less computational time and
memory usage compared to traditional and some recent Bayesian methods, since it reduces the dimension of the
parameters to be sampled. It can be applied to either correctly specified or misspecified likelihood functions, as well
as moment-based estimators. Monte Carlo studies show that the biases and root mean squared errors of our
concentrated Bayesian estimators are usually less than or similar to those of the standard Bayesian estimators. We
establish large sample properties of the concentrated semin-Bayesian estimator. An empirical application examining
the network spillover effect of stock returns in the Chinese A-share market is used to further illustrate the advantage
of our method.

(A2) DAG Trend Filtering for Genomic Denoising via Higher-Order Bayesian Networks and DAG
Shrinkage Processes
KEE HITRS

Abstract: Graph-based denoising is a critical preprocessing step for analyzing noisy data, particularly in genomic
applications where gene regulatory networks exhibit inherent directional dependencies. This paper introduces a novel
directed acyclic graph trend filtering framework that leverages novel higher-order Bayesian networks and graphical
shrinkage processes to enhance local adaptivity in signal smoothing along the directed edges of a graph. Unlike
traditional graph trend filtering, which assumes undirected graphs, the proposed method explicitly respects the
directional structure of graphs, improving interpretability and accuracy in capturing dependencies. We employ a
Hamiltonian Monte Carlo algorithm for efficient posterior inference. Through simulations and genomic applications,
the proposed method outperforms a state-of-the-art graph trend filtering algorithm in terms of mean squared error
reduction and signal-to-noise ratio improvement, demonstrating its utility in recovering true signals while accounting
for meaningful structural information.

(A3) Acceleration of Approximate Bayesian Computation Methods for Complex Models

R 5% BRI
Abstract: Approximate Bayesian computation (ABC) is a class of Bayesian inference algorithms that targets for
problems with intractable or unavailable likelihood function. It uses synthetic data drawn from the simulation model
to approximate the posterior distribution. However, ABC is computationally intensive for complex models. Firstly,
we propose an early rejection Markov chain Monte Carlo (efMCMC) sampler based on Gaussian processes to
accelerate inference speed. Secondly, we introduce an adaptive ABC Markov chain Monte Carlo (MCMC) approach
for complex distribution in high dimensional parameter space by combining the advantages of global and local
MCMC proposals.
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(A4) Bayes-Optimal Fair Classification with Linear Disparity Constraints via Pre-, In-, and Post-
processing
B s JZITTR

Abstract: Machine learning algorithms may have disparate impacts on protected groups. To address this, we
develop methods for Bayes-optimal fair classification, aiming to minimize classification error subject to given group
fairness constraints. We find the form of Bayes-optimal fair classifiers under a single linear disparity measure, by
uncovering a connection with the Neyman-Pearson lemma. Leveraging our theoretical results, we design methods
that learn fair Bayes-optimal classifiers under bilinear disparity constraints. Our methods cover three popular
approaches to fairness-aware classification, via pre-processing (Fair Up- and Down-Sampling), in-processing (Fair
Cost-Sensitive Classification) and post-processing (a Fair Plug-In Rule). Our methods control disparity directly while
achieving near-optimal fairness-accuracy tradeoffs. We show empirically that our methods compare favorably to
existing algorithms.

ERA: W, BITREE

(A5) Spatial-Sign based High Dimensional Change Point Inference
XSEE FIT R

Abstract: High-dimensional changepoint inference, adaptable to diverse alternative scenarios, has attracted
significant attention in recent years. In this study, we propose an adaptive and robust approach to changepoint testing.
Specifically, by generalizing the classical cumulative sum (CUSUM) statistic, we construct CUSUM statistics based
on spatial medians and spatial signs. We introduce test statistics that consider the maximum and summation of the
CUSUM statistics across different dimensions, respectively, and take the maximum across all potential changepoint
locations. We derive the asymptotic distributions of test statistics under the null hypothesis. Furthermore, the test
statistics demonstrate strong performance under sparse and dense alternative hypotheses and exhibit asymptotic
independence under mild conditions. Building on these results, we propose an adaptive testing procedure that
integrates the max-$L_\infty$-type and max-$L_2$-type statistics. Through numerical experiments and theoretical
analysis, the proposed method demonstrates strong performance and exhibits robustness across a wide range of signal
sparsity levels and heavy-tailed distributions.

(A6) Inverse Norm Weighted Max-sum Test for High Dimensional Location Parameters
HIEF mIT R
Abstract: In the context of high-dimensional data, we investigate the one-sample location testing problem. We
introduce a max-type test based on the weighted spatial sign, which exhibits exceptional performance, particularly in
the presence of sparse alternatives. Notably, we find that the inverse norm test significantly enhances the power of
the test compared to several existing max-type tests. Next, we prove the asymptotic independence between the newly
proposed max-type test statistic and the sum-type test statistic based on the weighted spatial sign. Then, we propose
an innovative max-sum type testing procedure that integrates both test statistics. This novel procedure demonstrates
remarkable robustness and effectiveness across a wide range of signal sparsity levels and heavy-tailed distributions.
Through extensive simulation studies, we highlight the superior performance of the proposed method, showcasing

its robustness and efficiency compared to traditional alternatives in various high-dimensional settings.
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(A7) Robust Multi-Source Domain Adaptation under Label Shift
BRRE g ARl R

Abstract: As the volume of data continues to expand, it becomes increasingly common for data to be aggregated
from multiple sources. Leveraging multiple sources for model training typically achieves better predictive
performance on test datasets. Unsupervised multi-source domain adaptation aims to predict labels of unlabeled
samples in the target domain by using labeled samples from source domains. This work focuses on robust multi-
source domain adaptation for multi-category classification problems against the heterogeneity of label shift and data
contamination. We investigate a domain-weighted empirical risk minimization framework for robust estimation of
the target domain's class proportion. Inspired by outlier detection techniques, we propose a refinement procedure
within this framework. With the estimated class proportion, robust classifiers for the target domain can be constructed.
Theoretically, we study the finite-sample error bounds of the domain-weighted empirical risk minimization and
highlight the improvement of the refinement step. Numerical simulations and real-data applications demonstrate the
superiority of the proposed method.

(A8) High-Dimensional Hettmansperger-Randles Estimator and Its Applications
sRIGEHE b E B2 B e 5 RGP 2R

Abstract: The classic Hettmansperger-Randles Estimator has found extensive use in robust statistical inference.
However, it cannot be directly applied to high-dimensional data. In this paper, we propose a high-dimensional
Hettmansperger-Randles Estimator for the location parameter and scatter matrix of elliptical distributions in high-
dimensional scenarios. Subsequently, we apply these estimators to two prominent problems: the one-sample location
test problem and quadratic discriminant analysis. We discover that the corresponding new methods exhibit high
effectiveness across a broad range of distributions. Both simulation studies and real-data applications further illustrate
the superiority of the newly proposed methods.
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(B1) Bayesian Utility-driven Bandit Learning for Matching Markets with Hypothesis Testing

TV NS S N
Abstract: Bandit learning algorithms gradually optimize decision-making strategies by balancing exploration and
exploitation and have been widely applied in scenarios such as online ride-hailing, advertising recommendation, and
personalized medicine. However, the optimization goal of most bandit algorithms is to maximize cumulative rewards,
which means that the strategies fail to capture the uncertainty in the decision-making process, making them unreliable.
This paper constructs a bayesian utility-driven strategy by incorporating the uncertainty of rewards as a new objective,
as it aims to maximize the probability of achieving the anticipated goal ¢ while considering the expected utility. This
paper theoretically proves that the proposed bayesian utility-driven bandit learning achieves the fastest convergence
rate among current bandit algorithms and generates stronger statistical power than classical tests based on normality.
The conducted simulation studies further support the theoretical findings. Ultimately, the proposed strategy was
applied to market matching scenarios, and it was found that our strategy can maximize the fairness of market
matching.

(B2) Model Average Estimation of Parameters in Linear Model with Multiple Change Points
S bR

Abstract: In this talk, we develops a model averaging framework for segmented linear regression with possible
structural breaks. We build the asymptotic distribution theory for parameter estimators under the setting of gradual
parameter change, which indicates the limitation of the traditional estimation methods under misspecification of
sudden breaks. Based on this, the Mallows criterion and Mallows Model Average (MMA) estimator for multi-change-
point regressions are established. We show that the Mallows criterion is an asymptotic unbiased estimator of the
expected in-sample squared error plus a constant. When all candidate models are misspecified, the resulting MMA
estimator is asymptotically optimal in terms of achieving the lowest squared error. Specifically, When the real model
is a change-point model, the MMA estimator is proved to be root-n-consistent. Simulation results verify the
theoretical properties well.

(B3) Bayesian Outlier Detection for High-dimensional Regression Models with Nonignorable Missing Data
KM SRR

Abstract: In biomedical research, complex data often exist, including high-dimensional data, missing data, and
outliers. These challenges may lead to the "curse of dimensionality," estimation bias, or overfitting—all of which are
critically important and difficult to address. Our research focuses on solving these problems by proposing a Bayesian
method for simultaneous variable selection and outlier detection in linear models with nonignorable missing data and
outliers. Specifically, the Spike-Slab prior is introduced into the mean-shift model, and Spike-Slab-L1/2 priors are
constructed for both the regression coefficients of covariates and the indicator parameters of outliers. A Skinny Gibbs
algorithm is developed for posterior sampling, enabling simultaneous outlier detection and variable selection while
achieving robust estimation of regression coefficients. When the response variable exhibits nonignorable missingness,
a Polya-Gamma latent variable is introduced to facilitate posterior estimation of the propensity score model.
Numerical analyses demonstrate that the proposed method performs well in outlier detection and regression
parameter estimation, particularly in ultra-high-dimensional scenarios. Finally, an Alzheimer’s disease study is used
to illustrate the method’s effectiveness and practical utility.
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(B4) A New Functional Data Classifier Based on Shrinkage Functional Mahalanobis Distance
ZJE MR
Abstract: Functional data classification is an important task and ubiquitous in many real applications, which has
been extensively studied in the last few decades. In this talk, we propose a novel classification approach for functional
data based on a shrinkage estimate of functional Mahalanobis distance. We first introduce a new shrinkage functional
Mahalanobis distance (SFMD), by using this new distance, we transform the functional observations into a set of
vector-valued pseudo-samples. Furthermore, we adopt some good classification algorithms designed for multivariate
data to this pseudo-samples instead of the original functional data. The new approach has advantage of highly flexible
and scalable, that is, it can easily combine with any classification algorithm, such as support vector machine, tree-
based methods, and neural networks. We demonstrate the performance of the proposed functional classifier through

both extensive simulation studies and two real data applications.

FEREA: BRI, U ACIE K

(B5) Decomposition of WAIC for Assessing the Information Gain with Application to Educational Testing
RT7 TRMKEE

Abstract: Nowadays, multidimensional data are often available from educational testing. One natural issue is to
identify whether more dimensional data are useful in fitting the item response data. To address this important issue,
we develop a new decomposition of Widely Applicable Information Criterion (WAIC) via the posterior predictive
ordinate (PPO) under the joint model for the response, response time, and two additional educational testing scores.
Based on this decomposition, a new model assessment criterion is then proposed, which allows us to determine which
of the response time and two additional scores are most useful in fitting the response data and whether other
dimensional data are further needed given that one of these dimensional data is already included in the joint model
with the response data. In addition, an efficient Monte Carlo method is developed to compute PPO. An extensive
simulation study is conducted to examine the empirical performance of the proposed joint model and the model
assessment criterion in the psychological setting. The proposed methodology is further applied to an analysis of a

real dataset from a computerized educational assessment program.

(B6) A Bayesian Tweedie Exponential Dispersion Process with a Change-Point for Two-Phase Degradation
Data
EF BRI R

Abstract: Degradation analysis is an efficient way to evaluate a product’s reliability in various applications by
capturing its degradation characteristics quickly and accurately. In the degradation analysis, the accuracy of the
reliability inference depends highly on the selected model for fitting observed degradation measurements. Covering
popular stochastic process models as special cases, the Tweedie exponential dispersion process (TEDP) model has
potential in describing more extensive degradation phenomena in engineering applications. In this work, we propose
a TEDP with a change-point (CPTEDP) to model two-phase degradation pattern of products, where unit-specific
two-piece drifts are considered to explain heterogeneous degradation patterns of testing units. We introduce a three-
stage hierarchical Bayesian inference on the parameters of the CPTEDP model without the need for approximating
its likelihood function that has no closed-form expression using Markov chain Monte Carlo (MCMC). To overcome
difficulties posed by the continuity constraint of degradation processes on modeling and computation under the
hierarchical Bayesian framework, we adopt the pseudo likelihood function instead of the real likelihood for
computational efficiency. After fitting the three-stage hierarchical Bayesian CPTEDP model by adopting the Gibbs
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algorithm, we derive the approximations of reliability measures (e.g., mean time to failure (MTTF), remaining useful
life (RUL), mean residual life (MRL)) of explicit analytical forms by substituting posterior estimates obtained from
the Gibbs algorithm. Analytical results from a case study and a variety of simulations demonstrate that the hierarchical
Bayesian CPTEDP model can provide more suitable fits to degradation data with two-phase patterns, improving the
accuracy of reliability estimation for products.

(B7) Learning Semi-parametric Tree Models from Mixed Data
Sl FE AR TR

Abstract: Causal discovery and representation involving latent variables and structures have attracted growing
interest in the era of artificial intelligence, particularly for their critical role in understanding real-world data. While
many existing methods focus exclusively on either purely continuous or purely discrete data, this paper addresses the
challenge of learning latent structures from mixed data. We propose a novel semi-parametric tree model capable of
handling mixed data, and develop an algorithm for learning the structure of this model using additive information
distances. We demonstrate that this algorithm efficiently and accurately recovers the true structure, given the
information distances. Additionally, the sample-based version of the structural learning algorithm achieves
probabilistic approximate correctness, with a finite sample bound established for exact structural recovery. Both
simulated and real data are used to assess the performance of our proposed algorithm, with experimental results
showing that our algorithm can effectively discover latent hierarchical structures behind mixed data.

(B8) Composite Likelihood Variational Approximation to Generalized Linear Mixed Models
AL TR

Abstract: Composite likelihood usually ignores dependencies among response components, while variational
approximation to likelihood ignores dependencies among parameter components. What both methods have in
common is that they essentially break the dependence of random effects. In this talk, we derive (1) a variational
approximation to row-column composite likelihood for GLMMs, and (2) a variational approximation to marginal
likelihood for multivariate GLMMs. We establish the exact asymptotic behaviors of the variational estimates'
asymptotic behaviors for both composite likelihood variational approximations. Simulation studies demonstrate that
our methods are computationally faster than both Laplace approximation and MCMC.
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(C2) Mitigating Ambiguity in Earthquake Catastrophe Insurance Pricing: Model Averaging and

Ambiguity Aversion
Zofl mEta Y

Abstract: Ambiguity, defined as uncertainty with unknown probabilities, poses a significant challenge in the pricing
of earthquake catastrophe insurance, as it systematically increases premium levels relative to risks with known
probabilities. Despite its practical relevance, the economic mechanisms and industry responses to ambiguity remain
underexplored. This paper addresses this gap by advancing two key contributions. First, we introduce model
averaging (MA) techniques into earthquake catastrophe insurance pricing, demonstrating their dual efficacy in
reducing parameter uncertainty and optimizing premium calculations. Second, we extend the o-maxmin pricing
framework to explicitly incorporate insurer ambiguity aversion, formalizing the relationship between model
uncertainty and firm economic objectives. Using China’s earthquake loss dataset (1992-2023), we estimate jackknife
model averaging (JMA), Akaike information criterion (AIC) MA, and Bayesian information criterion (BIC) MA
models within a quantile regression framework. Empirical results show that MA approaches outperform traditional
model selection methods in predictive accuracy, with JMA demonstrating superior performance in extreme quantile
estimation when additional explanatory variables are included. Notably, JIMA achieves premium reductions of up to
13.64%, suggesting that insurers may exhibit low ambiguity aversion or even ambiguity-seeking behavior under
specific conditions. Sensitivity analyses highlight how ambiguity aversion (o), capital cost (8), and quantile level (T)
systematically influence pricing outcomes, with higher values of these parameters requiring larger capital reserves to
mitigate the risk of ruin, thereby increasing premium levels. This research provides a novel methodological toolkit
for integrating model uncertainty into catastrophe insurance pricing, offering direct implications for risk management
practices and regulatory frameworks.
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(C5) Kernel Variable Importance Measure with Applications
T TR

Abstract: This paper introduces a novel kernel variable importance measure (KvIM) based on the maximum mean
discrepancy (MMD). KvIM can effectively measure the importance of each individual dimension in contributing to
the distributional difference by constructing weighted MMD and applying perturbations to evaluate changes in MMD
through assigned weights. KvIM has several notable advantages: it is nonparametric and model-free, accounts for
dependencies among dimensions, and is suitable for high-dimensional data. We establish the consistency of the
empirical KvIM under general conditions, along with its theoretical properties in high-dimensional settings.
Furthermore, we apply KvIM to classification problems and streaming datasets, proposing a KvIM-enhanced
classification approach and an online KvIM. These applications demonstrate the practical utility of the proposed
KvIM in diverse scenarios, as justified through extensive numerical experiments.

(C6) Super-Efficient Markov Chain Monte Carlo Algorithms for Bayesian Inference in Population
Genomics
L MR

Abstract: Bayesian inference in population genomics and phylogenomics under the multispecies coalescent (MSC)
model involves intense computation. The mixing efficiency of Markov chain Monte Carlo (MCMC) algorithms is
inversely proportional to the computational effort required to achieve a certain precision. We describe a few super-
efficient MCMC algorithms, which achieve mixing efficiency higher than the independent sampler. The first, called
the mirror-type move, proposes new values of the parameters around the mirror image of the current values. The
second, called Bactrian-uniform-reflection (BUR), combines a Bactrian sliding-window for the uniform target with
variable transform to achieve super efficiency in the parameter. We apply the new algorithms to a problem in
population genomics and the new algorithms performed favourably compared with other state-of-art MCMC
algorithms.
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(D1) Bayesian Integrative Region Segmentation in Spatially Resolved Transcriptomic Studies
E5IHF bRt Tk ke

Abstract: The spatially resolved transcriptomic study is a recently developed biological experiment that can measure
gene expressions and retain spatial information simultaneously, opening a new avenue to characterize fine-grained
tissue structures. In this article, we propose a nonparametric Bayesian method named BINRES to carry out the region
segmentation for a tissue section by integrating all the three types of data generated during the study---gene
expressions, spatial coordinates, and the histology image. BINRES is able to capture more subtle regions than existing
statistical partitioning models that only partially make use of the three data modes and is more interpretable than
neural-network-based region segmentation approaches. Specifically, due to a nonparametric spatial prior, BINRES
does not require a prespecified region number and can learn it automatically. BINRES also combines the image and
the gene expressions in the Bayesian consensus clustering framework and thus flexibly adjusts their label alignment
contribution weights in a data-adaptive manner. A computationally scalable extension is developed for large-scale
studies. Both simulation studies and the real application to three mouse spatial transcriptomic datasets demonstrate
that BINRES outperforms the competing methods and easily achieves the uncertainty quantification of the integrative
partition. The R package of the proposed method is publicly available at https://github.com/yingiaoyan/BINRES.

(D2) BACT: Nonparametric Bayesian Cell Typing for Single-Cell Spatial Transcriptomics Data
DT PEARKS

Abstract: The spatial transcriptomics is a rapidly evolving biological technology that simultaneously measures the
gene expression profiles and the spatial locations of spots. With progressive advances, current spatial transcriptomic
techniques can achieve the cellular or even the subcellular resolution, making it possible to explore the fine-grained
spatial pattern of cell types within one tissue section. However, most existing cell spatial clustering methods require
a correct specification of the cell type number, which is hard to determine in the practical exploratory data analysis.
To address this issue, we present a nonparametric Bayesian model BACT to perform BAyesian Cell Typing by
utilizing gene expression information and spatial coordinates of cells. BACT incorporates a nonparametric Potts prior
to induce neighboring cells' spatial dependency, and more importantly it can automatically learn the cell type number
directly from the data without prespecification. Evaluations on three single-cell spatial transcriptomic datasets
demonstrate the better performance of BACT than competing spatial cell typing methods.

(D3) Functional Bayesian Additive Regression Trees with Shape Constraints
s AL E R 2 K
Abstract: Motivated by the great success of Bayesian additive regression trees (BART) on regression, we propose a
nonparametric Bayesian approach for the function-on-scalar regression problem, termed as Functional BART
(FBART). Utilizing spline-based function representation and tree-based domain partition model, FBART offers great
flexibility in characterizing the complex and heterogeneous relationship between the response curve and scalar
covariates. We devise a tailored Bayesian backfitting algorithm for estimating the parameters in the FBART model.
Furthermore, we introduce an FBART model with shape constraints on the response curve, enhancing estimation and
prediction performance when prior shape information of response curves is available. By incorporating a shape-
constrained prior, we ensure that the posterior samples of the response curve satisfy the required shape constraints
(e.g., monotonicity and/or convexity). Under certain regularity conditions, we derive the posterior convergence
results for both FBART and its shape-constrained version. Finally, the superiority of the proposed methods over other
competitive counterparts is validated through simulation experiments under various settings and analyses of two real
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datasets.

(D4) Modeling Microbial Community Coalescence via Compositional Directed Acyclic Graphical Models
iR E N ROKEA

Abstract: The process of microbial community coalescence, i.e., the admixture of two or more separate communities,
is widespread in microbial ecology. Although microbial community coalescence is significantly related to several
human diseases, the mechanism of the coalescence process has not been rigorously studied due to the lack of causal
discovery models for compositional data. To investigate the causal relationships across microbial communities, we
propose a novel compositional directed acyclic graphical model (compDAG), which is identifiable at both the
community and microbe levels. The structure of the graph is learned by a score-based method, which utilizes
Hamiltonian Monte Carlo. We demonstrate our approach through simulation studies and two applications of studying
coalescence in the female genital tract and oral-stool microbial communities. In both applications, we found evidence
of microbial community coalescence and generated genus-level causal hypotheses regarding the participating
microbes in the coalescence processes.
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(D6) Hierarchical Hidden Markov Models for Modeling Heterogeneous Time Series in Data-Scarce
Scenarios
V- S Ny
Abstract: Modeling time series data from heterogeneous, independent sources is challenging, particularly in data-
scarce settings prevalent in fields such as cognitive science, finance, and engineering. Each time series exhibits unique
local dynamics while adhering to shared global patterns across sources. Traditional methods, such as fitting separate
models for each series, risk overfitting, while a single global model often fails to capture critical individual variations.
Time Series Clustering and Prediction using LSTM Combined with RBF Kernel-based Multi-head Attention To
address these challenges, we propose a hierarchical framework for Hidden Markov Models (HMMs) that jointly
learns group-level and individual-level models. The group model serves as a Bayesian regularizer, improving the
robustness of individual models and mitigating overfitting. We further introduce co-clustering across sources,
enabling the group model to share information across related sources while retaining individual-specific dynamics.
This is implemented within a tree-structured probabilistic framework, where group models (parents) guide and
regularize the learning of individual models (children), with iterative optimization ensuring joint refinement. Our
method is particularly effective in data-scarce scenarios. Empirical results on synthetic and real-world datasets
demonstrate its superiority over existing approaches, with significant performance improvements under limited

training data conditions.
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(D7) Two-fold Varying-coefficient Mediation Models and Their Applications

ECE R
Abstract: Mediation analysis provides a technical approach to reveal the complex relationships between variables,
and researchers can use causal mediation analysis to distinguish more targeted interventions for different individuals
and different scenarios. In real life, the strength of the effects between the variables in a causal relationship is often
influenced by many other variables. Meanwhile, there are still relatively few studies on the theories and applications
of the multiple varying-coefficient mediation models. In this paper, we study two influence mechanisms of two
mediators in the two-fold varying-coefficient mediation model. In the first case, the mediators are in a parallel
relationship, and in the second case, the mediators are sequential, where one mediator has a fixed coefficient and the
other has a varying coefficient. Following these two cases, we propose the parallel two-fold varying-coefficient
mediation model and the chain two-fold varying-coefficient mediation model, and regard the coefficient functions as
smooth functions of the effect modifier. We further derive the spline estimators of the direct and indirect effects, as
well as establish the asymptotic normality of all or part of the estimators. Simulation studies show that our new
models and methods for the direct and indirect effects perform well. In two real data examples, they are also able to
capture the dynamic changes of the coefficient functions, compared to the classic mediation model with constant
coefficients.

(D8) Time Series Clustering and Prediction using LSTM Combined with RBF Kernel-based Multi-head

Attention
BRIEHE P82 BT R R
Abstract: This paper proposes a deep learning architecture for time series clustering by integrating long short-term
memory (LSTM) network with a multi-head attention mechanism employing radial basis function kernel (RBF
kernel), which is applicable to perform prediction and clustering analysis on the time series of air pollutant
concentrations. To fully exploit local features and long-term dependency in time series, an enhanced LSTM
architecture with RBF kernel-based multi-head attention is proposed adopting a hierarchical design. The bottom layer
employs bidirectional LSTM network to capture long-term dependence features through gating mechanisms. The
middle layer innovatively incorporates an RBF kernel-based multi-head attention module to adaptively capture local
correlation patterns of pollutant concentration fluctuations across different time scales by replacing conventional dot-
product method for similarity calculation. The top layer utilizes residual connections to fuse outputs from multiple
attention heads, combined with Dropout layers to prevent overfitting. Bayesian optimization is implemented to
determine the optimal gamma parameter for RBF kernels. Using dynamic time warping (DTW) distance on the Multi-
Attention-LSTM outputs in hierarchical clustering analysis, three distinct temporal patterns are identified in pollutant
concentration variations. Further a novel clustering assignment module is designed to dynamically allocate new time
series samples to predefined clusters based on DTW similarity. This mechanism provides data-driven support for
describing the evolutionary patterns of pollutant concentrations and enables the formulation of targeted mitigation
strategies. Comparative prediction evaluation of mean squared error demonstrates that the RBF kernel-based multi-
head attention mechanism significantly improves forecasting accuracy by optimizing feature weight. This integrated
framework offers new insights into temporal pattern mining and predictive modeling of environmental time series
data.
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(E1) Test of Multivariate Independence via Comparing Two Bivariate Means

VL RO R
Abstract: Testing for independence between two random vectors is a fundamental problem in statistics. It is observed
from empirical studies that many existing omnibus consistent tests may not perform well for some strongly
nonmonotonic and nonlinear dependence. To get insights into this issue, this paper discovers that the multivariate
independence testing problem can be cast into an equivalent test of the equality of two bivariate means, and further
reveals the power loss phenomenon is mainly due to cancellation of positive and negative terms in dependence
metrics. The cancellation leads to the sum of these terms very close to zero. Motivated by this finding, we propose a
class of consistent metrics indexed by a positive integer \gammag to characterize independence. We further prove
that the metrics with even or infinity {\gammag can effectively avoid the cancellation, and have better powers under
the alternatives in which two mean differences offset each other. In practice, it is desirable to target at a wide range
of dependence scenarios. Thus, we further advocate to combine the p-values of test statistics with different
E\gammal's through the Fisher's method. The advantages of the newly proposed tests are illustrated by numerical
studies.

(E2) Order-Restricted Hypothesis Tests for Nonlinear Mixed-Effects Models with Measurement Errors in
Covariates
KEE PEBEARAR RS
Abstract: Order-restricted hypothesis testing problems frequently arise in practice, including studies involving
regression models for longitudinal data. These tests are known to be more powerful than tests that ignore such
restrictions. In this article, we consider order-restricted tests for nonlinear mixed-effects models with measurement
errors in time-dependent covariates. We propose to use a multiple imputation method to address measurement errors,
since this approach allows us to use existing complete-data methods for order-restricted tests. Some theoretical results
are presented. We evaluate our proposed methods via simulation studies that demonstrate they are more powerful
than either a competing naive method or a two-step approach to testing hypotheses. We illustrate the use of our
proposed approach by analyzing data from an HIV/AIDS study.

(E3) Testing the Homogeneity of a Three-Sample Problem with a Mixture Structure
FEMSHE YLIFIMTE R
Abstract: The three-sample model plays an important role in analyzing data from two different distributions as well
as from a mixture of them. Most previous work involving this model has been focused on estimating the mixing
proportion, and the methods used were based on the fact that the model is heterogeneous. However, before estimating
the mixing proportion, the homogeneity of this model should be tested. Proposed here are the likelihood ratio and
generalized fiducial methods to test the three-sample model for homogeneity. Compared with these methods by
simulation studies, the likelihood ratio method is more powerful and computes much faster than the generalized
fiducial methods under relatively large sized samples, while the generalized fiducial methods perform more powerful
under small or moderately sized samples. An example involving halibut data is used to illustrate the proposed methods.

(E4) Ordinal Graphical Models via a Bayesian Nonparametric Clustering Approach
WHE RIS
Abstract: Graphical models are powerful tools for capturing conditional dependence structures in complex systems

but remain underexplored in analyzing ordinal data, especially in sports analytics. Ordinal variables, such as team
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rankings, player performance ratings, and survey responses, are pervasive in sports data but present unique challenges,
particularly when accounting for heterogeneous subgroups, such as teams with varying styles or players with distinct
roles. Existing methods, including probit graphical models, struggle with modeling heterogeneity and selecting the
number of subgroups effectively. We propose a novel nonparametric Bayesian framework using the Mixture of Finite
Mixtures (MFM) approach to address these challenges. Our method allows for flexible subgroup discovery and
models each subgroup with a probit graphical model, simultaneously estimating the number of clusters and their
configurations. We develop an efficient Gibbs sampling algorithm for inference, enabling robust estimation of cluster-
specific structures and parameters. This framework is particularly suited to sports analytics, uncovering latent patterns
in player performance metrics. Our work bridges critical gaps in modeling ordinal data and provides a foundation for
advanced decision-making in sports performance and strategy.

ERA: FHR FHAY

(E5) Log-Gaussian Process Regression with Applications in Loss Reserving
S RAFDL R

Abstract: Gaussian processes (GP) are known for their excellent smoothing properties and flexibility in modeling
complex nonlinear relationships. Recently, they have been utilized in actuarial science to estimate potential insurance
losses. However, in insurance practice, loss data often exhibits non-negative support and heavy tails, leading to
significant model errors when using the GP model for loss prediction. This paper aims to replace the Gaussian
distribution in GP with a log-Gaussian distribution to construct a log-Gaussian process (LGP) model. The properties
and training methods of LGP are discussed. Furthermore, the LGP regression model is employed for estimating loss
reserves. It is shown that the LGP regression model offers higher prediction accuracy and reliability compared to
other models, particularly the GP regression model, making it more suitable for claims reserving.

(E6) Improving Design and Normalization of Multiplex Proteomics Study
Jitese EHRR IR A
Abstract: Advances in multiplex mass spectrometry-based technologies have enabled high-throughput, quantitative
proteome profiling of large cohort. However, certain experimental design configurations can amplify sample
variability and introduce systematic biases. To address these challenges, we incorporated two novel features in a
recent proteogenomic investigation: (1) the inclusion of two reference samples within each mass spectrometry run to
serve as internal standards, and (2) the analysis of each specimen as technical replicates across two distinct mass
spectrometry runs. Building on these enhancements, we present ProMix, a flexible analytical framework designed to
fully leverage these supplementary experimental components. Using both simulated and real-world datasets, we
demonstrate the improved performance of ProMix and highlight the advantages conferred by these refined

experimental design strategies.

(E7) Mixed-input Gaussian Process Regression
LR Aoy GRYD
Abstract: Specifying an appropriate covariance kernel is crucial for Gaussian Process (GP) regression. However,
selecting an optimal kernel remains challenging when dealing with both quantitative and qualitative (Q\&Q) inputs.
We propose a novel latent variable approach which models the qualitative inputs as functions of latent numerical
inputs. By imputing the qualitative inputs into numerical ones, the mixed-input GP regression problem reduces to a
standard GP regression with only numerical inputs, allowing for flexible and well-understood kernel choices. The
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latent variable model unifies many influential methods in the literature; it immediately improves computer emulators
with Q\&Q inputs in prediction accuracy and uncertainty quantification, as well as downstream applications, such as
mixed-variable Bayesian optimization and inverse problems. This paper also develops an efficient Markov Chain
Monte Carlo algorithm for sampling from the posterior distribution and making predictions.

(E8) Gaussian Process-based Calibration of Complex Computer Models with Functional Inputs
g HE B S REREAIT TR
Abstract: Bayesian calibration of a functional input/parameter to a time-consuming simulator based on a Gaussian
process (GP) emulator involves two challenges that distinguish it from other parameter calibration problems. First,
one needs to specify a flexible stochastic process prior for the input, and reduce it to a tractable number of random
variables. Second, a sequential experiment design criterion that decreases the effect of emulator prediction
uncertainty on calibration results is needed and the criterion should be scalable for high-dimensional input and output.
In this article, we address these two issues. For the first issue, we employ a GP with a prior density for its correlation
parameter as prior for the functional input, and the KarhunenLoéve (KL) expansion of this non-Gaussian stochastic
process to reduce its dimension. We show that this prior gives far more robust inference results than a GP with a fixed
correlation parameter. For the second issue, we propose the weighted prediction variance (WPV) criterion (with
posterior density of the calibration parameter as weight) and prove the consistency of the sequence of emulator-based
likelihoods given by the criterion. The proposed method is illustrated with examples on hydraulic transmissivity

estimation for groundwater models.
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(A1) Estimating IRT Models under Gaussian Mixture Modelling of Latent Traits: An Application of
MSAEM Algorithm
FARR ZRALIE R

Abstract: The assumption of a normal distribution for latent traits is a common practice in item response theory (IRT)
models. Numerous studies have demonstrated that this assumption is often inadequate, impacting the accuracy of
statistical inferences in IRT models. To mitigate this issue, Gaussian mixture modeling (GMM) for latent traits,
known as GMM-IRT, has been proposed. Moreover, the GMM-IRT models can also serve as powerful tools for
exploring the heterogeneity of latent traits. However, the computation of GMM-IRT model estimation encounters
several challenges, impeding its widespread application. The purpose of this paper is to propose a reliable and robust
computing method for GMM-IRT model estimation. Specifically, we develop a mixed stochastic approximation EM
(MSAEM) algorithm for estimating the three--parameter normal ogive model with GMM for latent traits (GMM-
3PNO). Crucially, the GMM-3PNO is augmented to be a complete data model within the exponential family, thereby
substantially streamlining the computation ofthe MSAEM algorithm. Furthermore, the MSAEM algorithm adeptly
avoid the label-switching issue, ensuring its convergence. Finally, simulation and empirical studies are conducted to
validate the performance of the MSAEM algorithm and demonstrate the superiority of the GMM-IRT models.

(A2) A Sequential Bayesian Changepoint Detection Procedure for Aberrant Behaviours in Computerized
Testing
Rl R oK

Abstract: Changepoints are abrupt variations in a sequence of data in statistical inference. In educational and
psychological assessments, it is essential to properly differentiate examinees’ aberrant behaviors from solution
behaviour to ensure test reliability and validity. In this paper, we propose a sequential Bayesian changepoint detection
algorithm to monitor the locations of changepoints for response times in real time and, subsequently, further identify
types of aberrant behaviors in conjunction with response patterns. Two simulation studies were conducted to
investigate the efficiency and accuracy of the proposed detection procedure in terms of identifying one or multiple
changepoints at different locations. In addition to manipulating the number and locations of changepoints, two types
of aberrant behaviors were also considered: rapid guessing behaviour and cheating behaviour. Simulation results
indicate that ability estimates could be improved after removing responses from aberrant behaviors identified by our
approach. Two empirical examples were analyzed to illustrate the application of the proposed sequential Bayesian
changepoint detection procedure.

(A3) Bayesian Variable Selection for Optimizing Dynamic Treatment Regimes
IS WL 4 K%
Abstract: The heterogeneity of treatment responses poses a significant challenge in selecting optimal treatments for
many diseases. Recognizing this heterogeneity among patients, contemporary clinical trials collect an extraordinarily
large number of prognostic factors, such as disease history, demographic characteristics, clinical measurements and
genetic information, to  improve treatment efficacy. Given such a high volume of pretreatment variables,
identifying essential variables for clinical decision-making becomes critical. However, current personalized
medicine literature focusing on high-dimensional data is predominantly based on penalized frequentist methods.
Motivated by this problem, we propose High-dimensional Bayesian Q-learning (HBQL), a novel approach for
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optimizing dynamic treatment regimes through a series of Bayesian hierarchical models, one for each stage, in
reverse sequential order. The proposed method simultaneously estimates optimal dynamic treatment regimes and
identifies variables truly predictive of individual treatment responses. Numerical experiments demonstrate that our
proposed method can achieve superior performance compared to existing state-of-the-art methods in both variable
selection and treatment rule optimization.

(A4) Similarity-Assisted Learning for Estimating Optimal Individualized Treatment Regimes
AlRE R R

Abstract: In precision medicine, estimating optimal individualized treatment regimes presents a critical challenge,
where patient heterogeneity often leads to highly individualized treatment responses. We propose a novel framework
called Similarity-Assisted Learning for estimating optimal individualized treatment regimes. This method
incorporates patient similarity information to construct assisted learning tasks, effectively capturing underlying
patient heterogeneity and generating more accurate treatment recommendations. Our method aligns treatment
decisions with patient similarity by constructing a similarity-weighted large-margin classification model. We further
integrate SCAD penalty for variable selection, enhancing the interpretability of the model. In addition, the method
reduces reliance on specific model assumptions, thereby improving the robustness of the estimates. Theoretical
analysis establishes the consistency and efficiency of the proposed estimators under appropriate regularity conditions.
Extensive simulation studies and real data analyses show that our proposed method outperforms existing methods.

FEREA: AR JLRE BRI

(A5) Time-Varying Probabilistic Forecast Combinations based on Particle Filtering: Diversity Matters

BE LR K
Abstract: Mitigating uncertainty in probabilistic forecasts requires adaptive strategies to address model redundancy
and the dynamic nature of economic conditions. This study introduces a novel framework that integrates diversity
regularization into a Bayesian ensemble forecasting system. In this system, time-varying model weights are optimized
dynamically using particle filtering. By incorporating real-time diversity metrics, our approach enhances prior
knowledge and enables continuous updates of predictive densities while penalizing correlated predictors. This
method expands on traditional combination techniques by jointly estimating time-varying biases, inter-model
dependencies, and calibration uncertainties within a unified nonlinear filtering framework. Empirical results in
macroeconomic and commodity price forecasting demonstrate significant improvements in both point and density
accuracy, outperforming individual models and other time-varying combination methods. Additionally, the
framework includes diagnostic tools for identifying model incompleteness, further advancing ensemble forecasting
in the face of uncertainty.

(A6) Research on the Extension of Convex Clustering
BEE JEAUE BRI
Abstract: In recent years, convex clustering has attracted intensive attentions because it has basically overcome the
three shortcomings of traditional clustering methods: non-global convergence, poor robustness and the need for prior
information. Due to the data type and the limitation of existing methods nowadays, we extend the classic convex
clustering model and conduct appropriate theoretical analysis. In addition, we present a solving algorithm and analyze
its theoretical property. Experiments performed on several benchmark datasets show that the proposed method
achieves the better clustering performance in comparison with some state-of-the-art clustering methods.
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(A7) Bayesian Spatiotemporal Modeling for the Inpatient Hospital Costs of Alcohol-related Disorders
FEAT XFAMEETE 5 5 K2

Abstract: Understanding how healthcare costs vary across different demographics and health conditions is essential
to developing policies for healthcare cost reduction. It may not be optimal to apply the conventional mean regression
due to its sensitivity to the high level of skewness and spatiotemporal heterogeneity presented in the cost data. To
find an alternative method for spatiotemporal analysis with robustness and high estimation efficiency, we combine
information across multiple quantiles and propose a Bayesian spatiotemporal weighted composite quantile regression
(ST-WCQR) model. An easy-to-implement Gibbs sampling algorithm is provided based on the asymmetric Laplace
mixture representation of the error term. Extensive simulation studies show that ST-WCQR outperforms existing
methods for skewed error distributions. We apply ST-WCQR to investigate how patients' characteristics affected the
inpatient hospital costs for alcohol-related disorders and identify areas that could be targeted for cost reduction in
New York State from 2015 to 2017.

(A8) Development and Evaluation of the Updated Risk Prediction Model Involving in New Candidate
Predictors
HORER b RO

Abstract: Assessing the incremental predictive value of new biomarkers is critical for improving clinical risk models.
However, conventional metrics such as the area under the ROC curve (AUC) often lack sensitivity to quantify
meaningful model enhancements. We propose a statistically rigorous evaluation framework that introduces two novel
metrics, Net Reclassification Improvement (NRI), and Integrated Discrimination Improvement (IDI), derived from
U-statistics theory, offering robust asymptotic properties and improved interpretability for quantifying model
improvement. Our framework integrates discrimination, calibration, and reclassification-based assessments to
evaluate the impact of new predictors. It addresses key limitations of AUC, particularly in high-performing baseline
models. This work contributes generalizable statistical tools for enhancing model evaluation, bridging the gap
between statistical significance and clinical utility in risk prediction research. We conduct extensive simulation
studies under multiple scenarios, varying effect sizes, event rates, and baseline model strengths. We apply the methods
to real-world data from STEMI patients, evaluating whether incorporating tryptase and hsCRP improves prediction
of major adverse cardiovascular events (MACE). Although AUC changes are limited, our new metrics reveal
meaningful reclassification and discrimination gains.
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ERA: KIS

(B1) Imputation and Post-selection Inference in Models with Missing Data: Applications in Clinical Data
RTH RIS

Abstract: Missing data are a common and challenging feature in clinical predictive modeling, particularly in the
context of variable selection. In a study aiming to improve U.S. guidelines for colorectal cancer risk stratification
following screening colonoscopy (Cancer Causes Control 27 (2016) 1175-1185), we sought to incorporate additional
informative predictors into neoplasia risk models, extending beyond three established risk factors. We compared three
post-imputation inference strategies. The first used multiple imputation followed by Rubin’s Rules for variance
estimation. The second applied single imputation and variable selection followed by bootstrap percentile intervals.
The third used bootstrap model averaging with variance estimation inspired by Efron’s approach. Simulations showed
that Rubin’s Rules frequently led to undercoverage when variable selection was data-driven. Bootstrap methods
performed better, with model averaging yielding the best results when effect sizes were moderate and model
uncertainty was present. We further considered Bayesian model averaging (BMA) to address uncertainty from both
imputation and model selection. BMA allows coherent integration over missing data and model space, producing
posterior inference that reflects all sources of uncertainty. This approach is particularly useful in high-dimensional
settings with correlated predictors and incomplete data. We applied these methods to a colorectal neoplasia risk-
prediction problem. The results support Bayesian techniques as a robust alternative to traditional methods, improving
inference and clinical decision-making in complex data settings.

(B2) Functional Differential Graphical Analysis Procedure with Application to Hard Landing Incidents in
Civil Aviation
PR AR R

Abstract: The hard landing incident, a critical safety event during the landing phase, has drawn significant attention
from civil aviation due to its potential threats to aircraft structures and passenger safety. While existing studies have
focused on predicting hard landings based on individual flight parameters, they often overlook the complex
interdependencies among these parameters’ functional characteristics. In this paper, we introduce a functional
differential graphical analysis procedure for flight parameters. The key components of our procedure include
proposing the functional differential node-wise regression (FDNR) method to estimate the differential coefficient
matrix across two groups of flights and a basis rotation technique to construct conditional canonical functions, which
interpret the information within the differential coefficient matrix. By applying our procedure to the landing curves
of 10 flight parameters from 1,282 normal flights and 629 flights at risk of hard landings, we uncover significant
differences in the conditional dependency structures between normal and hard landings, providing precautionary
suggestions for enhancing flight safety.

(B3) Efficient Bayesian Reliability Assessment for Step-Stress Accelerated Wiener Degradation Model
JAHEER TR R
Abstract: Step-stress accelerated degradation testing (SSADT) plays a critical role in evaluating the reliability of
high-performance industrial products under harsh conditions, where performance deterioration is not significant
under normal operating conditions. However, existing Bayesian inference methods for SSADT models face
significant challenges due to computational inefficiency, particularly in achieving convergence and handling complex
stochastic processes. These limitations hinder practical applications where rapid and precise reliability assessment is
essential. To address this, we propose a novel iterative integrated nested Laplace approximation framework combined
with a fixed-point iteration technique. By reformulating the Wiener-process-based SSADT model into a latent
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Gaussian model via Taylor linearization, our approach leverages quadratic polynomial approximation and expansion-
and-contraction strategies to optimize computational efficiency. Simulation studies demonstrate that the proposed
method achieves comparable accuracy to traditional Bayesian methods like Gibbs sampling while significantly
reducing computational costs, even for small sample sizes. Additionally, empirical validation using two real-world
datasets confirms its applicability and effectiveness in practical reliability analysis.

(B4) Joint Latent Variable Modeling with a Cumulative Shrinkage Process Prior
FO BRI RS
Abstract: Network latent space models assume that each node is associated with a set of unobserved latent variables,
which determine the probability of links between nodes. Although numerous latent variable models based on network
data have been proposed, most overlook the estimation of latent variable dimensions. Furthermore, the network link
information is often collected along with high dimensional node variables, which provide additional information for
the links and may play a critical role in estimating the latent structure of the network. This paper proposes a joint
latent variable model based on cumulative shrinkage priors, which simultaneously models network structures and
node variables. The model assumes that both network links and node variables are generated by a set of latent
variables, which are linked to the network structure and node variables through a dot product model and a generalized
linear model, respectively. To achieve adaptive estimation of the latent variable dimensions, a cumulative shrinkage
prior is introduced, allowing for an infinite dimensionality of the latent variables, which shrink to zero as the
dimension increases. For different types of node variables, corresponding Gibbs algorithms are developed for
Bayesian inference. The paper also establishes the convergence properties of parameter estimation and latent variable
dimension estimation under maximum a posteriori estimation. Both simulation experiments and real data analysis
validate the effectiveness and robustness of the proposed method in recovering latent structures and predicting

performance.

ERA: FRW ZEAE

(B5) Bayesian Learning of Optimal Real-time Dynamic Treatment Regimes
JiiREE 2R i oK
Abstract: Real-time dynamic treatment regimes (real-time DTRs) refers to decision rules that personalize patient
treatment in real-time based on treatment and covariate histories. These rules are crucial for real-time clinical decision
support systems and automated drug delivery systems for chronic diseases. Although considerable statistical and
machine learning DTR methods have been developed, they are designed for a small number of fixed decision points,
and thus cannot adapt to real-time cases. This paper proposes a new semiparametric Bayesian method for estimating
an optimal treatment regime in real-time, which allows for the existence of latent individual level variables.
Specifically, random real-time DTRs are defined through interventional parameters, the optimal values of which are
estimated by maximizing the posterior predictive utility. The proposed approach is compared with alternative
methods using simulated datasets, and applied to estimate the optimal real time oxytocin administration regime for

preventing postpartum hemorrhage.

(B6) Semiparametric Structural Equation Models with Interval-Censored Data
&) PN
Abstract: Structural equation models offer a valuable tool for delineating the complicated interrelationships among
multiple variables, including observed and latent variables. Over the last few decades, structural equation models
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have successfully analyzed complete and right-censored survival data, exemplified by wide applications in
psychological, social, or genomic studies. However, the existing methodology for structural equation modeling is not
concerned with interval-censored data, a type of coarse survival data arising typically from periodic examinations for
the occurrence of asymptomatic disease. The present study aims to fill this gap and provide a flexible semiparametric
structural equation modeling framework. A general class of factor-augmented transformation models is proposed to
model the interval-censored outcome of interest in the presence of latent risk factors. An expectation-maximization
algorithm is subtly designed to conduct the nonparametric maximum likelihood estimation. Furthermore, the
asymptotic properties of the proposed estimators are established by leveraging the empirical process theory. The
numerical results obtained from extensive simulations and an application to the Alzheimer’s disease data set
demonstrate the proposed method’s empirical performance and practical utility.

(B7) Low-rank Variational Correction Estimation for Multi-Source Heterogeneous Quantile Linear

Regression Models

AN PN
Abstract: High-dimensional data, prevalent in genomics, econometrics, and clinical medicine, often exhibit inherent
heterogeneity. While existing methods address either multi-source data or heterogeneity separately, they fail to jointly
model high-dimensional, multi-source heterogeneous data. To bridge this gap, we propose a scalable Bayesian
framework for multi-source heterogeneous quantile regression, employing spike-and-slab priors for feature selection.
Our approach integrates mean-field variational and Laplace approximations to tackle computational challenges, with
a particular emphasis on a novel low-rank correction mechanism that significantly enhances adaptability to high-
dimensional heterogeneous structures. This mechanism is crucial for capturing the intrinsic structure of the data,
ensuring robust and efficient modeling. For comprehensive diagnostics, we develop a Bayesian score test combined
with local influence analysis. Through extensive empirical evaluations using both simulations and TCGA myeloid
leukemia data, our method demonstrates remarkable computational efficiency and exceptional scalability in
processing complex, high-dimensional heterogeneous datasets.

(B8) Network Alternating Direction Method of Multipliers for Ultrahigh-Dimensional Decentralised
Federated Learning
I BIR
Abstract: Ultrahigh-dimensional data analysis has received great achievement in recent years. When the data are
stored in multiple clients and the clients can be connected only with each other through a network structure, the
implementation of ultrahigh-dimensional analysis can be numerically challenging or even infeasible. In this work,
we study decentralised federated learning for ultrahigh-dimensional data analysis, where the parameters of interest
are estimated via a large amount of devices without data sharing by a network structure. In the local machines, each
parallel runs gradient ascent to obtain estimators via the sparsity-restricted constrained methods. Also, we obtain a
global model by aggregating each machine's information via an alternating direction method of multipliers (ADMM)
using a concave pairwise fusion penalty between different machines through a network structure. The proposed
method can mitigate privacy risks from traditional machine learning, recover the sparsity and provide estimates of
all regression coefficients simultaneously. Under mild conditions, we show the convergence and estimation
consistency of our method. The promising performance of the method is supported by both simulated and real data

examples.
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EREA L P

(C1) Network Assisted Approximate Factor Model Estimation
WHE P EANRKEE

Abstract: The factor models are powerful tools for uncovering patterns of similarity or co-movement among
individuals, and they have been successfully applied in the fields of finance and biology. However, the classical
approximate factor model encounters limitations when dealing with small sample sizes. To overcome this challenge,
we leverage auxiliary network information and propose a novel joint quasi-maximum likelihood estimation, which
can use the network information flexibly and allow network heterogeneity. The theoretical properties of these
estimators are rigorously established. We obtain a new convergence rate, which is faster than the rate of classical
maximum likelihood estimators when the sample size is small. Numerous numerical studies have been conducted to
evaluate the performance of the proposed methods.

(C2) Graph-based Multisample Comparison with Application to Feature Selection for Multi-Category
Responses
R Ea) 2N

Abstract: This article proposes a graph-based maximum pairwise difference (MPD) test to compare K-sample
distributions. This test can be utilized to identify the most informative variables contributing to the heterogeneity of
multiple multivariate dis- tributions. To construct the test, we first pool observations from multiple samples to create
a similarity graph based on the distances between any two observations. For each observation, we next evaluate its
connection probability to each sample. Then, we doubly maximize the squared differences of these connection
probabilities via the within and between samples. Accordingly, the MPD test is a max-of-squares test and can
effectively detect sparse alternatives. In addition, we show the asymptotic null distribution of the test statistic and
establish its consistency under alternatives. To illustrate the finite sample performance of the proposed test, we
conduct exten- sive simulation studies. The results indicate that the MPD test outperforms some commonly used
multisample tests. Finally, we employ it to select relevant features related to corporate credit ratings.

(C3) High-Frequency Volatility Estimation and Forecasting with a Novel Bayesian LGI Model
RFF PEARKSE

Abstract: Volatility modeling is a challenging topic in high-frequency financial data analysis. In this paper, we
propose a novel Bayesian framework for modeling and forecasting spot volatility by assuming a latent GARCH
structure is embedded into the volatility process at a series of unobserved “anchor” time points, which can well
describe the evolving volatility of financial assets in high frequency. We introduce an ideal approximation of latent
anchors, which shares similar posterior distribution with true latent anchors. Furthermore, we develop an efficient
two-stage inference framework with its corresponding two-stage MCMC sampling algorithm. The simulation study
and real data analysis both show our method outperforms the existing alternatives in explanation of latent anchors
and the estimation and forecasting of volatility.

(C4) Mixture Conditional Regression with Ultrahigh Dimensional Text Data for Estimating Extralegal
Factor Effects
JiEZE bRt
Abstract: Testing judicial impartiality is a problem of fundamental importance in empirical legal studies, for which
standard regression methods have been popularly used to estimate the extralegal factor effects. However, those
methods cannot handle control variables with ultrahigh dimensionality, such as those found in judgment documents
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recorded in text format. To solve this problem, we develop a novel mixture conditional regression (MCR) approach,
assuming that the whole sample can be classified into a number of latent classes. Within each latent class, a standard
linear regression model can be used to model the relationship between the response and a key feature vector, which
is assumed to be of a fixed dimension. Meanwhile, ultrahigh dimensional control variables are then used to determine
the latent class membership, where a na\"ive Bayes type model is used to describe the relationship. Hence, the
dimension of control variables is allowed to be arbitrarily high. A novel expectation-maximization algorithm is
developed for model estimation. Therefore, we are able to estimate the key parameters of interest as efficiently as if
the true class membership were known in advance. Simulation studies are presented to demonstrate the proposed
MCR method. A real dataset of Chinese burglary offenses is analyzed for illustration purposes.

EREA: MBI EORE

(C5) Bonus-Malus System Based on INAR(1) Model with Finite Mixtures of Erlang Distributions for the
Heterogeneity
PR HARR
Abstract: We consider a bonus-malus system based on first-order coefficient inter-valued autoregressive (INAR(1))
model, in which the unobservable heterogeneity is assumed to follow a finite mixture of Erlang distributions. We
study some distributional properties of the proposed model, and apply it to Bayesian credibility premium updating in
the automobile insurance to investigate how the claim history affects the future premium. We also present some
numerical examples. By comparing with other existing models, we find that our model can exploit the past
information more efficiently.

(C6) JUSRITRRIN [ F AR Y 7E 22, 2 I 0 o By 2 PR F
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BUEATT ZE AR o A TG R FH 3R 43 0 X — BN A AQI R AR5 (8] 5 5K, JeoR 1 ix B kA
TRV 5 T IR IR T R] O R SR 1 E BRI R PSS

(C7) Genomic Patterns are Associated with Different Sequelae of Patients with Long-Term COVID-19
SIS

Abstract: In the post-large era, various COVID-19 sequelae are getting more and more attention to health problems.
Although the mortality rate of the COVID-19 infection is now declining, it is often accompanied by new clinical
sequelae with different symptoms such as fatigue after infection, loss of smell. The degree of age, gender, virus
infection seems to be weakly correlated with clinical symptoms. Human genetic variation plays a significant role in
the sequelae of the COVID-19 infection. This study aims to analyze the genomic differences between individuals
with different COVID-19 sequelae. In this study, the exomes of 97 patients with Omicron with 8 unique clinical
manifestations are sequenced, and conducted a systematic analysis. Based on non-negative matrix factorization
algorithms, the trinucleotide mutation spectrum of four long-term COVID-19 genomes is summarized and found that
individuals with different clinical symptoms have unique DNA mutation patterns and indel patterns. By constructing
a Genomic Fingerprinting Framework, the driver genes of variation in each symptomatic population are deciphered
and analyzed. This study showed that population-specific mutational fingerprint differences are the main cause of
heterogeneity in long-term COVID-19 sequelae. This study provides new ideas and insights into the causes of the
long-term COVID-19 sequelae.
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(C8) AMPGP: A Deep Learning Framework for High-Efficacy Antimicrobial Peptide Discovery
BEEE HARRE

Abstract: Antimicrobial peptides (AMPs) have emerged as vital candidates in the fight against antibiotic resistance.
The traditional processes for AMPs design and discovery are often time-consuming and inefficient. Here, we propose
AMPGP model, which employs deep learning algorithms for both generation and prediction. The generation model
incorporates an attention mechanism into the seqGAN framework to generate high-quality AMPs. The prediction
model is structured into four distinct feature channels to address the limitations of relying on a single source of
information. The evaluation on the independent test set achieved an accuracy of 98.06%, surpassing several advanced
models. Ultimately, we identified ten candidated AMPs and the experiment indicated that peptide No. 1
(LITHLFRFKNSGRILM) and No. 2 (FKLSVLYLGRGNIMKAYYGIKIARAG) exhibited broad-spectrum
antibacterial and cellular viability, with no significant hemolytic activity observed. The AMPGP model thus presents
a promising approach for discovering effective peptides and enhances the potential for clinical applications.
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FEFEAN: AN KETIARS

(D1) On MCMC Sampling in Self-Exciting Integer-Valued Threshold Time Series Models
Bl KBRS
Abstract: Markov Chain Monte Carlo (MCMC) methods have been shown to be a useful tool in many branches in
statistics. However, due to the complex structure of the models, this method remains an open problem for threshold
integer-valued time series models. This study develops Bayesian inference for a class of self-exciting integer-valued
threshold autoregressive models, which is implemented by means of a new MCMC algorithm. By introducing the
latent variables series, a complete data likelihood is obtained. Based on which, the full conditional distributions are
easily obtained with familiar forms.Furthermore, by maximizing the complete data likelihood, the threshold
parameter is also accurately estimated. Finally, the performance of the MCMC algorithm is evaluated via some

simulations and a real data example.

(D2) Three-Stage Communication-Efficient Surrogate Quantile Regression for Non-randomly Distributed
System with Missing Data
FbE KFETIRY

Abstract: Traditional distributed quantile regression (QR) methods rely on restrictive assumptions of randomly
distributed or fully observed data. However, real-world datasets often exhibit non-random storage patterns and
contain missing values, posing significant challenges for existing approaches. To tackle this issue, we develop a three-
stage communication-efficient framework that first obtains a small size random pilot sample, then estimates a
parametric propensity model based on pilot sample and applies inverse probability weighting (IPW) to correct bias,
and finally constructs a weighted surrogate loss for distributed QR estimation. Theoretically, without any restrictive
randomness assumption, the established asymptotical results show that the proposed method performs as well as all
data were stored on one single machine. By extending this approach to high-dimensional settings, we introduce a
three-stage communication-efficient distributed penalized quantile regression approach, where include SCAD and
adaptive Lasso (ALasso) penalty functions. The oracle properties are also validated without any restrictive
assumption about randomness. Simulation studies evaluate the finite-sample performance of the proposed method.
The practical utility of the proposed method is illustrated using a greenhouse gas (GHG) observing network dataset.

(D3) Semiparametric Analysis of Additive-Multiplicative Hazards Model with Interval-Censored Data
and Panel Count Data
EWGE KEIRY
Abstract: In survival analysis, interval-censored data and panel count data represent two prevalent types of
incomplete data. Given that, within certain research contexts, the events of interest may simultaneously involve both
data types, it is imperative to perform a joint analysis of these data to fully comprehend the occurrence process of the
events being studied. In this paper, a novel semiparametric joint regression analysis framework is proposed for the
analysis of interval-censored data and panel count data. It is hypothesized that the failure time follows an additive—
multiplicative hazards model, while the recurrent events follow a nonhomogeneous Poisson process. Additionally, a
gamma-distributed frailty is introduced to describe the correlation between the failure time and the count process of
recurrent events. To estimate the model parameters, a sieve maximum likelihood estimation method based on
Bernstein polynomials is proposed. The performance of this estimation method under finite sample conditions is
evaluated through a series of simulation studies, and an empirical study is illustrated.
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(D4) Bayesian Empirical Likelihood for Accelerated Failure Time Model with Covariates Missing at
Random
XHE KEITR

Abstract: This study proposes a Bayesian empirical likelihood (BEL) procedure based on the inverse probability
weighted (IPW) Buckley-James estimation equation to analyze semiparametric accelerated failure time (AFT)
models in the presence of right-censored failure time and missing covariates. Unlike the traditional Bayesian method
that relies on an assessable likelihood function constructed by assigning specific distributions to the model’s random
errors and missing covariates, the proposed BEL-based approach does not make any distributional assumption,
yielding highly reliable and robust estimation results. In addition, by exploring the entire posterior distribution of
unknowns, the BEL methods can construct credible intervals based on empirical percentiles and reveal the uncertainty
of the Bayesian estimator in a straightforward manner, avoiding the challenge of deriving the asymptotic distribution
of empirical likelihood ratio statistics. We develop an efficient Markov Chain Monte Carlo method coupled with the
Metropolis-Hastings algorithm to conduct posterior inference and investigate the asymptotic behavior of the posterior
distribution. Simulation studies show that the BEL procedure performs satisfactorily in various settings and
consistently outperforms several existing methods. The application of the proposed method to a real-life dataset from
the mouse leukemia study further confirms the practical utility of our method.
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(E1) Bayesian Optimization with Pareto-Principled Training for Economical Hyperparameter
Optimization
WMt TR

Abstract: The specification of hyperparameters plays a critical role in determining the practical performance of a
machine learning method. Hyperparameter Optimization (HPO), i.e., the searching for optimal specification of
hyperparameters, however, often faces critical computational challenges due to the vast searching space and the high
computational cost on model training under a given hyperparameter specification. In this study, we propose BOPT-
HPO, a systematic approach for efficient HPO by leveraging Bayesian optimization with Pareto-principled training,
based on the observation that the training procedure of a machine learning method under a given hyperparameter
specification often follows the Pareto principle (the 80/20 rule) that about 80% of the total improvement in the
objective function is achieved in 20% of the training time. By introducing two levels of training corresponding to the
Pareto principle, i.e., the eighty-percent training (ET) and the complete training (CT), and establishing a joint
surrogate model for CT runs and ET runs, BOPT-HPO reduces the computational cost of HPO significantly under
the framework of Bayesian optimization with multi-fidelity measurements. A wide range of experimental studies
confirm that the proposed approach achieves economical HPO for various machine learning models, including
support vector machines, fully connected networks, and convolutional neural networks.

(E2) Heritability Estimation with Genetic Similarity Representation
EAEMF IEE R

Abstract: We introduce a similarity representation framework for robust heritability estimation in Genome-Wide
Association Studies (GWAS). This problem parallels the signal-to-noise ratio estimation problem in the presence of
a large number of predictors in linear models. Traditional fixed and random-effects methods for heritability estimation
often impose restrictive assumptions on regression coefficients or the design (genotype) matrix. These assumptions
are usually violated by the heterogeneous effects of genetic variants (regression coefficients) that depend on the
genotype distribution and the correlation among genotypes due to linkage disequilibrium. This leads to the non-robust
estimation of heritability using these existing methods in practice. To overcome these limitations, we propose a
SiMILarity rEpresentation method (SMILE) by modeling the dependence of the gram matrix of the outcome vector
(outcome similarity) on the gram matrix of the genetic signal vector (genetic similarity). We represent the genetic
similarity using a weighted gram matrix of genotypes, where a specified weight matrix is used to disentangle the
heterogeneous variant effects from the genotype distribution. SMILE includes the classical random-effects model as
a special case and improves the fixed-effects model by not requiring accurate estimation of the precision matrix or
the regression coefficients. We develop a scalable implementation for efficient analysis of large biobank GWAS data.
Extensive simulations and the analysis of the UK biobank data demonstrate the robustness of the proposed method
over the existing methods across a range of genetic architectures, and show that SMILE provides a versatile approach
for heritability estimation.

(E3) Multi-dimensional Domain Generalization with Low-Rank Structures
o A N
Abstract: In conventional statistical and machine learning methods, it is typically assumed that the test data are
identically distributed with the training data. However, this assumption does not always hold, especially in
applications where the target population are not well-represented in the training data. This is a notable issue in health-
related studies, where specific ethnic populations may be underrepresented, posing a significant challenge for
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researchers aiming to make statistical inferences about these minority groups. In this work, we present a novel
approach to addressing this challenge in linear regression models. We organize the model parameters for all the sub-
populations into a tensor. We establish rigorous theoretical guarantees for the proposed method and demonstrate its
minimax optimality.

(E4) Imputation-based Randomization Tests for Randomized Experiments with Interference
FREEE  JHHERY

Abstract: The presence of interference renders classic Fisher randomization tests infeasible due to nuisance
unknowns. To address this issue, we propose imputing the nuisance unknowns and computing Fisher randomization
p-values multiple times, then averaging them. We term this approach the imputation-based randomization test and
provide theoretical results on its asymptotic validity. Our method leverages the merits of randomization and the
flexibility of the Bayesian framework: for multiple imputations, we can either employ the empirical distribution of
observed outcomes to achieve robustness against model mis-specification or utilize a parametric model to incorporate
prior information. Simulation results demonstrate that our method effectively controls the type I error rate and
significantly enhances the testing power compared to existing randomization tests for randomized experiments with
interference. We apply our method to a two-round randomized experiment with multiple treatments and one-way
interference, where existing randomization tests exhibit limited power.

ERAN: HEE ZRRY

(E5) Block Sparse Bayesian Learning: A Diversified Scheme
a5 LM MR K
Abstract: This paper introduces a novel prior called Diversified Block Sparse Prior to characterize the widespread
block sparsity phenomenon in real-world data. By allowing diversification on intra-block variance and inter-block
correlation matrices, we effectively address the sensitivity issue of existing block sparse learning methods to pre-
defined block information, which enables adaptive block estimation while mitigating the risk of overfitting. Based
on this, a diversified block sparse Bayesian learning method (DivSBL) is proposed, utilizing EM algorithm and dual
ascent method for hyperparameter estimation. Moreover, we establish the global and local optimality theory of our
model. Experiments validate the advantages of DivSBL over existing algorithms.

(E6) The Minimax Optimal Convergence Rate of Posterior Density in the Weighted Orthogonal
Polynomials
A LR HIR K
Abstract: In this paper, we tackle the challenge of constructing priors that can attain minimax optimal convergence
rates for mixture models, which represents a crucial problem within non-parametric Bayesian density estimation.
Although existing theorems have provided conditions for reaching the minimax optimal convergence rate
E\varepsilon_n=n"{-p/(2p+1)} &, where Ep\geq 1& is an arbitrary integer, the task of constructing priors that meet
these conditions still remains arduous. The underlying density is represented as a weighted sum of orthogonal
polynomials. We then construct a sieve prior from the exponential family for the weight coefficients, imposing
specific constraints such as continuity and boundedness. We prove that, under the prior we have constructed, the
Bayesian posterior attains the minimax optimal convergence rate. The primary innovation of our work lies in the
construction of a highly flexible prior. It is not restricted to a single, fixed type of density function; instead, it is
applicable to a broad spectrum of density functions, including those on finite intervals, and many others. Our study,
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for the first time, presents a novel approach to constructing effective priors for mixture models on £\RE, that achieve
the minimax convergence rate. Furthermore, we derive a more refined upper bound for the posterior probability.

(E7) Inference with Combined Data from Subgroup Selection and Validation Phases in Clinical Trials
JE%E mE RS

Abstract: When a promising subgroup is identified from an unsuccessful trial with a broad target population, we
often need to evaluate and possibly confirm the selected subgroup with a follow-up study, typically a validation trial,
on the subgroup. In this paper, we focus on the panitumumab study and ask the question of how to utilize data from
both trials to improve the efficiency of subgroup evaluation without selection bias there. We propose a new
resampling-based approach to quantify and remove selection bias and then to perform data combination from both
trials for valid and efficient inference on the subgroup effect. The proposed method is model-free and asymptotically
sharp. We apply the proposed method to analyze the panitumumab trial and show how much data combination could
help improve the analysis of clinical trials when a promising subgroup is identified from part of the data and accelerate
the delivery of new treatment to the patients in need.
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