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K Mi4r: Caihua Chen is a professor and associate dean in
the School of Management and Engineering at Nanjing
University. He received his Ph.D. in Mathematics from
Nanjing University in 2012. He then joined the faculty of
Nanjing University as an assistant professor and was promoted
to associate professor in 2016 and professor in 2021. His

research interests lie in optimization theory and algorithms,

data-driven decision-making, trustworthy machine learning,
human-centered Al, and their applications in revenue management, machine learning,

and finance.

IRSEE : Adaptive Sampling Strategies for Stochastic Composite Optimization

REME :

In this talk, we focus on the stochastic composite problems where the objective
function comprises both smooth and nonsmooth components. When only an estimate
of the gradient of the smooth component is available, we introduce adaptively
sampling strategies for proximal gradient methods and its acceleration counterpart.
The sample size used to estimate the gradients in each iteration is selected according
to the observed trajectory of the algorithm. We develop convergence rate guarantees
for unaccelerated and accelerated schemes for convex, strongly convex, and
nonconvex problems, which show that the stochastic accelerated proximal gradient
algorithms with adaptive sampling strategies can achieve the optimal convergence
rate of first order methods. Further, under some mild conditions, we also show the
asymptotic behavior of the iteration sequences. In particular, for strongly convex
objectives, the iteration sequences generated by the proposed algorithms enjoy linear
convergence in distribution. Our numerical experiments demonstrate the effectiveness
of the proposed algorithms in both machine learning and operation management

problems. 7
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RS HE : A Globally Convergent Inexact Augmented Lagrangian Method for

Zero-One Composite Optimization

REME

The zero-one composite optimization problem (0/1-COP) aims to minimize the sum
of a smooth function and a composition of a zero-one loss function with a linear
operator. It has wide applications, including the support vector machine (SVM),
calcium dynamics fitting (CDF), 1-bit compressive sensing (1-bit CS) and so on.
However, it remains challenging to design a globally convergent algorithm for the
original model of 0/1-COP, due to the nonconvex and discontinuous zero-one loss
function. We aim to develop an inexact augmented Lagrangian method (IALM) in
which the generated whole sequence converges to a local minimizer of 0/1-COP
under reasonable assumptions. In the iteration process, IALM performs minimization
on a Lyapunov function with an adaptively adjusted multiplier. The involved
Lyapunov penalty subproblem is shown to admit the exact penalty theorem for 0/1-
COP, provided that the multiplier is optimal in the sense of the proximal type
stationarity. An efficient zero-one Bregman alternating linearized minimization (0/1-
BALM) algorithm is also designed to achieve an approximate solution of the
underlying subproblem in finite steps. Numerical experiments for handling SVM,
CDF and 1-bit CS demonstrate the satisfactory performance of the proposed method
in terms of solution accuracy and time efficiency.

This is a joint work with Penghe Zhang and Naihua Xiu. 9
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®EE . Spurious Stationarity and Hardness Results for Bregman-Type

Algorithms

REHE .

Although Bregman-type algorithms have been extensively studied over the years, it
remains unclear whether existing stationarity measures, often based on Bregman
divergence, can distinguish between stationary and non-stationary points. In this talk,
we answer this question in the negative. Furthermore, we show that Bregman-type
algorithms are unable to escape from a spurious stationary point in finite steps when
the initial point is unfavorable, even for convex problems. Our results highlight the

inherent distinction between Euclidean and Bregman geometries and call for further
investigation of Bregman-type algorithms.

10
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RS/ E : Data-Driven Distributionally Robust Multiproduct Pricing Problems

Under Pure Characteristics Demand Models

REME :

i %: This paper considers a multiproduct pricing problem under pure characteristics
demand models when the probability distribution of the random parameter in the
problem is uncertain. We formulate this problem as a distributionally robust
optimization (DRO) problem based on a constructive approach to estimating pure
characteristics demand models with pricing by Pang, Su and Lee. In this model, the
consumers' purchase decision is to maximize their utility. We show that the DRO
problem is well-defined, and the objective function is upper semicontinuous by using
an equivalent hierarchical form. We also use the data-driven approach to analyze the
DRO problem when the ambiguity set, i.e., a set of probability distributions that
contains some exact information of the underlying probability distribution, is given by
a general moment-based case. We give convergence results as the data size tends to
infinity and analyze the quantitative statistical robustness in view of the possible
contamination of driven data. Furthermore, we use the Lagrange duality to
reformulate the DRO problem as a mathematical program with complementarity
constraints, and give a numerical procedure for finding a global solution of the DRO
problem under certain specific settings. Finally, we report numerical results that

validate the effectiveness and scalability of our approach for the distributionally

robust multiproduct pricing problem. 1
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RS HE : Block Sparse Bayesian Learning: A Diversified Scheme

REHE :

This talk 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.

12
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IRSEHE : Sparse Robust Enhanced Indexation Optimization
RERE :

In this talk, we investigate two enhanced indexation methodologies using sparse and
robust optimization, including two main parts. Part I: we develop a sparse £1/2
regularization model of enhanced indexation, which is expected to avoid the over-
fitting and promote a better out-of-sample performance. An Alternating Quadratic
Penalty (AQP) method is proposed to solve this nonconvex optimization problem.
Under some suitable assumptions, we establish that any accumulation points of the
sequence generated by the AQP method is a KKT point. Part I1: we describe the tail
risk of enhanced indexation using the worst-case CVaR of excess returns, and the
process of industry selection using a weighted £ {oo,1}-norm constraint. We develop
an accelerated alternating minimization algorithm for solving this problem. The
global convergence rates in terms of the primal and dual residuals are also provided.
Finally, empirical tests on actual data sets are presented to demonstrate the superior

out-of-sample performance of our proposed methods.

This is a joint work with Zhihua Allen-Zhao, Yu-Hong Dai and Sanyang Liu.

13
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#REFHE . ODE-based Learning to Optimize

WMERE :

In recent years, ordinary differential equation (ODE) has become a promising starting
point to understand the nature of acceleration methods. However, there still exits gap
between ODE and optimization methods. In this talk, we introduce the idea behind
learn to optimize and optimization-inspired ODE, and try to provide a framework that
automatically looks for efficient problem-orientational optimization methods with a

guarantee of worst-case convergence.

14
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RSB : A Single-Loop Algorithm for Decentralized Bilevel Optimization

RERE .

Bilevel optimization (BO) has gained significant attention in recent years due to its
broad applications in machine learning. In this talk, we focus on decentralized BO and
proposes a novel single-loop algorithm for solving it with a strongly convex lower-
level problem. Our approach is a fully single-loop method that approximates the
hypergradient using only two matrix-vector multiplications per iteration. Our
algorithm does not require any gradient heterogeneity assumption and achieves the
best-known convergence rate for BO algorithms. We also present experimental results
on hyperparameter optimization problems using both synthetic and MNIST datasets,

which demonstrate the efficiency of our proposed algorithm.

15
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RS HE : Non-convergence Analysis of Randomized Direct Search

REHE :

Direct search is a popular method in derivative-free optimization. Randomized direct
search has attracted increasing attention in recent years due to both its practical
success and theoretical appeal. It is proved to converge under certain conditions at the
same global rate as its deterministic counterpart, but the cost per iteration is much
lower, leading to significant advantages in practice. However, a fundamental question
has been lacking a systematic theoretical investigation: when will randomized direct
search fail to converge? We answer this question by establishing the non-convergence
theory of randomized direct search. We prove that randomized direct search fails to
converge if the searching set is probabilistic ascent. Our theory does not only deepen
our understanding of the behavior of the algorithm, but also clarifies the limit of
reducing the cost per iteration by randomization, and hence provides guidance for

practical implementations of randomized direct search.

This is a joint work with Cunxin Huang, a Ph.D. student funded by the Hong Kong
Ph.D. Fellowship Scheme.
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