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Composite Cardinality Optimization: Theory and Algorithms

BEE HEHBREIKRF

HEME: Cardinality function counts the number of nonzero elements of its input. It acts naturally as a loss
function in many machine learning applications. Cardinality optimization has attracted much attention and
seen significant progress over the past few years. Composite cardinality function is the cardinality function
compounded with affine mappings and hence has a capability of modelling even a wider range of
applications. Therefore, Composite Cardinality Optimization (CCOPT) is fundamental. Unlike the cardinality
function, whose discontinuous regions are subspaces, composite cardinality has discontinuous regions being
the unions of polyhedral sets of exponentially many. This imposes a significant challenge in both developing
optimization theory and algorithms. This short course aims to introduce the latest progress on CCOPT and
consists of the following parts.

1. Motivations: examples and applications.

2. Review of the state-of-the-art in CCOPT.

3. Local duality theory: extension of Fenchel duality to stationary duality.

4. Algorithms on the primal and dual problems.

We conclude the course with a discussion on some open questions and future research directions.

W& AN A Houduo Qi is a professor at the department of applied mathematics, the Hong Kong
Polytechnic University. He received the BSc in Statistics from Peking University in 1990, MSc and PhD in
Operational Research and Optimal Control, respectively from Qufu Normal University (1993) and the
Institute of Applied Mathematics, Chinese Academy of Sciences (CAS) in 1996. He has been postdoctoral
fellows at the Institute of Computational Mathematics, CAS, the Hong Kong Polytechnic University, and the
University of New South Wales before joining the University of Southampton in 2004 as a lecturer in
Operational Research, rising to Professor and Chair of Optimization.

He was awarded the prestigious Queen Elizabeth II Fellowship (QEII Fellow) by the Australian Research
Council (2003) and Turing Fellow in 2019 by the Alan Turing Institute, UK’s national institute of data
science. He recently joined the Hong Kong Polytechnic University. He is mainly interested in Mathematical
Optimization, especially in matrix optimization with applications to finance and statistics. He is currently the
area editor (Optimization) of Asia-Pacific Journal of Operational Research, associate editor for Mathematical
Programming Computation and Journal of Operations Research Society of China. From 2010, he has been a

college member of Engineering and Physical Sciences Research Council, UK.
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Decentralization in Solving Problems of Optimization

R. T. Rockafellar ~ University of Washington

#H4 M E: Problems of optimization have for a very long time been studied from the perspective of
decentralization. Earlier that was for theoretical understanding in economics, but now it's for purposes of
large-scale computation. The fundamental idea is that the large problem under consideration is likely
comprised of numerous potential subproblems for independent decision-makers --- agents --- who can't,

however, solve them independently because of resources that must be shared among them.

How should that sharing be achieved in order to ensure optimality in the combined problem?  One
traditional approach is to bring in a master planner to allocate the resources among the many agents. Then the
challenge is to understand how to solve the problem facing that master planner. Another traditional approach
is to bring in a market for buying and selling the resources, and then to determine (still centrally) prices such
that, if the agents could buy and sell at those prices, their individually optimal decisions would produce the
collectively optimal response, without need for anyone having to come up with allocations. Then, however,

the challenge is figuring out the special prices that would accomplish this.

In fact, there is a duality between the two approaches which makes them, in a sense, equivalent. Moreover in
computational approaches to this kind of problem, in meeting the demands of machine learning, everything
must be executed in iterations.Then it's not a magical all-at-once, and instead both ideas may have to come

into play repeatedly. And the sparsity in the interactions needs to be taken seriously.

&AM R T. Rockafellar +2 3% [F # A5 K 7 5 B AR . 1963 4 (8 4 Bl T v i oK 2
Rockafellar ZHZLE M0 M+ 2800 0 UG BEAE AR Ak AT T R ARD (5 2 i 5Tk Al T 1970
FHRE) QM) BE DRI SR SURIN A B R, b A EE G5EFF —NE il L5,
an (R ir) A (KRR S ML) RS BEEEAR i, R BRI BEN LA K
Jeh B EEEI . R, T. Rockafellar &3 | 200 ZiR103C, A2 A& B IE MBI 4 a4 . At
e N E L ERECE TR gZE, ST 1966 4FF1 1983 4F Mg 7E E PR KK 2 bl 45 54k
&, FBZIEREIS A, L aHs SIAM 5HE R 2= 2 B A UK 1] Dantzig 32, INFORMS
AL R LR A
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Asymmetric Long-Step Primal-Dual Interior-Point Methods with Dual

Centering

Yurii Nesterov ~ Corvinus University of Budapest. &+ X k5 (iRI])

WEME: We discuss a new way of development of Interior-Point Methods (IPMs) for solving primal-dual
problems of Conic Optimization. It is efficient for problems with asymmetric complexity, which often arise,
in particular, in Semidefinite Optimization (SDO). Our long-step predictor-corrector scheme is based on
centering in the dual space and controlling the tangent step size by the functional proximity measure. For

symmetric cones, the search procedure is very cheap.

In this approach, we do not need sophisticated Linear Algebra, restricting ourselves only by Cholesky
factorization, even for SDO. However, our complexity bounds correspond to the best-known
polynomial-time results. As an example, we discuss some classes of SDO-problems, where the complexity
bounds are proportional to the square root of the number of linear equality constraints. We support our

theoretical developments by preliminary but encouraging numerical testing with random SDO-problems.

W& AFA: Yurii Nesterov, Corvinus University of Budapest. &t SC A2 GRYID ##z, KRR
Wil Lo, 26 E E R el 1, T 1984 REAE SCTRHAE G R 2AIT 78 Brak4a N H e i 22 4r, IR 1993
FEHEAE CORE LAF o BTG R ACA A R 2R A o My S ROR g 71, E RS T A A 4
W, QFEEHE B R EE . 20U AN A SR IR ER . B AR 2 Atk #ag DA
SR A A T B 6 Wik, JHETRAIAT FAER T 150 REBIC. GG 20
[ P I 5 27, LA dE SIAM S5 A A LRI 2 22 5 UK () Dantzig 22, INFORMS 2045 - K 2
IR, SIAM A, Biiz% %4 (EURO) 4%, INFORMS Lanchester %, {5 I5JF}
PR (WLA) tHENUR 2.
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Anti-Jamming Strategy Learning via Domain-Knowledge Enhanced

Online Convex Optimization
FRHE HHEPIRFE (RI)

WG E: The dynamic competition between radar and jammer systems presents a significant challenge for
modern electronic warfare, as current anti-jamming approaches still lack sample efficiency and fail to exploit
jammer's characteristics. In this work, we revisit the anti-jamming strategy learning problem through the lens
of online convex optimization, which offers a rigorous and elegant framework to study this specific problem.
This perspective enables us to identify a critical structural insight: useful information about the jammer's
behavior can be inherently encoded in the gradient of the cost function. By leveraging this insight, we
demonstrate that online interaction samples can be systematically utilized to effectively learn the
anti-jamming strategies. This structured approach introduces a practical mechanism for incorporating prior
knowledge of the jammer, which significantly enhances the real-world applicability of the anti-jamming

Pprocess.

s AN BRREUE P E TRERAMER L InERERRER R L B ooRE GRID &l
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PR ENE % Rz B LA, 2@ SIAM £+ f1 IEEE 2+ LK IEEE {5 5 A B 317 3= 4w
(2012-2014) . R IRHIR N FAR BRI LIS FBCRHAA BT LSRR RIE it 3h
AN B, SIS S 3R A 2004 45, 2009 45, 2011 411 2015 4 IEEE {5 5 A # 2% 4. 2011
R BRI AE K2 BRIINE S AL B 22 LR 2020 AFtH 548 N0 KR i e 0% RIFER AL B 1R 7
A OTRR, 2010 4F45 36 [H 12 5 A8 BB h 2% T Farkas %2, 2018 E 4 [ Fr 8w ¥ 4% 7
Tseng 2053, 2022 4 E TV 5 N HEUF F 2R 78— BIR N HECA K. 2020 45, Hhii 2%l
REB AL MERT,  Ath TG B8 H T 400 B B0 R ) 28 B0 A B R I 2R AN BRVRAE SR, R pH B Bk 30 P 245
GBI 5 N TR e R RIRE RS - BORBE N GTS o N REAR", Har Sl T 30 24 H
KT M 2%, AT 180 TAEeul, REHTE T W VERE . ZHEARANCE K2R3 — ANH,
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Intelligent Heuristics are the Future of Computing

Shang-Hua Teng  University of Southern California

W& M E . Back in 1988, game trees for chess were among the largest search structures in real-world
computing. Because such trees are too large to evaluate exhaustively, chess programs must rely on heuristic
strategic decisions based on partial information—making them a powerful case study for teaching Al search.
In one of his lectures that year on Al search for games and puzzles, Professor Hans Berliner — a pioneer in

computer chess — stated: “Intelligent heuristics are the future of computing.”

As a student of computing theory, I was naturally perplexed but fascinated by this perspective. I had been
trained to believe that “algorithms and computational complexity theory are the foundation of computer
science.” And yet, my own journey to understand heuristics in computing has played a defining role in my
career as a theoretical computer scientist. Over time, I’ve come to appreciate Berliner's statement as a
far-reaching worldview—one that resonates even more in our current era of rich, complex, and multifaceted

data and models, where computing interacts deeply with science, engineering, the humanities, and society.

In this talk, I will reflect on my experiences with heuristics in computing, highlighting examples of
theoretical work aimed at understanding the behavior of heuristics on real data, as well as efforts to design
practical heuristics with meaningful theoretical foundations. My hope is that these insights—drawn from
techniques such as spectral partitioning, multilevel methods, the simplex method, and regularization for
optimization and machine learning—can shed light on, and perhaps inspire, a deeper understanding of the

current and future techniques in Al and data mining.

4 AfiSr: Shang-Hua Teng is a USC University Professor of Computer Science and Mathematics. He is a
fellow of SIAM, ACM, and Alfred P. Sloan Foundation, and has twice won the Gddel Prize, first in 2008, for
developing smoothed analysis, and then in 2015, for designing the breakthrough scalable Laplacian solver.
Citing him as, “one of the most original theoretical computer scientists in the world”, the Simons Foundation
named him a 2014 Simons Investigator to pursue long-term curiosity-driven fundamental research. He also
received the 2009 Fulkerson Prize, 2023 Science & Technology Award for Overseas Chinese from the China
Computer Federation, 2022 ACM SIGecom Test of Time Award (for settling the complexity of computing a
Nash equilibrium), 2021 ACM STOC Test of Time Award (for smoothed analysis), 2020 Phi Kappa Phi
Faculty Recognition Award (2020) for his book Scalable Algorithms for Data and Network Analysis, 2011

ACM STOC Best Paper Award (for improving maximum-flow minimum-cut algorithms). In addition, he and
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collaborators developed the first optimal well-shaped Delaunay mesh generation algorithms for arbitrary
three-dimensional domains, settled the Rousseeuw-Hubert regression-depth conjecture in robust statistics,
and resolved two long-standing complexity-theoretical questions regarding the Sprague-Grundy theorem in
combinatorial game theory. For his industry work with Xerox, NASA, Intel, IBM, Akamai, and Microsoft, he

received fifteen patents in areas including compiler optimization, Internet technology, and social networks.
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A Low-Rank ALM for Doubly Nonnegative Relaxations
of Mixed-Binary QP

Kim-Chuan Toh  National University of Singapore

45 M E : Doubly nonnegative (DNN) programming problems are known to be challenging to solve because
of their huge number of Q( 2) constraints and Q( 2) variables. In this work, we introduce RINNAL, a
method for solving DNN relaxations of large-scale mixed-binary quadratic programs by leveraging their
solutions’ possible low-rank property. RINNAL is a globally convergent Riemannian based augmented
Lagrangian method (ALM) that penalizes the nonnegative and complementarity constraints while preserving
all other constraints in the ALM subproblems. After applying the low-rank decomposition to the ALM
subproblem, its feasible region becomes an algebraic variety with favorable geometric properties. Our
low-rank decomposition model is different from the standard Burer-Monteiro (BM) decomposition model in
that we make the crucial step to equivalently reformulate most of the quadratic constraints after the BM
decomposition into fewer and more manageable affine constraints. This modification is also important in
helping us to alleviate the violation of Slater’s condition for the primal DNN problem. Moreover, we make
the crucial step to show that the metric projection onto the algebraic variety, although non-convex, can be
transformed into a tractable convex optimization problem under certain regularity conditions. Numerous
numerical experiments are conducted to validate the efficiency of the proposed RiNNAL method. [Joint work

with Di Hou and Tianyun Tang]

&AM Kim-Chuan Toh (HLE4) BB E LR 2 HE R IY Leo Tan ji 44 % . HEHR
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FKI DL AL 2% 52 S) A4 v 2 v s i A0 AL o) /4% o = 2082 H HT$H AT % (Mathematical Programming Series
A) MECA E 4, LU (Mathematical Programming Computation) [ [X34uZs. MM aitt, b it
{SIAM Journal on Optimization) {Operations Research) {ACM Transactions on Mathematical Software)
G 2 E PR TR P ARIA T & T . HEBERAEBUE AR R BTk, 545 7 H R FARFE) 20
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One-Bit Precoding in Massive MIMO: Algorithm Design and

Asymptotic Performance Analysis
X| B4 LREEE RF

HEME: One-bit precoding is a promising approach to enhancing hardware efficiency in massive MIMO
systems and has attracted significant research interests in recent years. However, the inherent one-bit
constraint on the transmit signals poses great challenges for both precoding design and performance analysis.
This talk presents recent advancements in one-bit precoding. The first part focuses on precoding design for
massive MIMO systems, introducing a new negative {1 penalty approach. This method is based on an
exact penalty model that penalizes the one-bit constraint into the objective using a negative {1-norm term.
Compared to existing approaches, our approach achieves a superior trade-off between computational
complexity and symbol error rate (SER) performance. Additionally, we will explore one-bit precoding design
in massive MIMO integrated sensing and communication (ISAC)—a key use case in next-generation 6G
systems. The second part of the talk shifts to the asymptotic SER performance analysis of a broad class of
linear-quantized precoding schemes. Unlike conventional Bussgang decomposition-based analyzes, our
analytical framework is grounded in random matrix theory (RMT), which is more rigorous and can be
extended to more general cases. Furthermore, we will present recent findings on the asymptotic SER analysis

of a widely studied nonlinear precoding scheme.

W AR XTI R R B e R, E 5T 07 A e s A e 5 B S A
{5 S AbFE, Jo 2l 5 AL &% 5 ) SR L FH o Ath B SR 3R 22 T2 R 200, 04 2011 4F [ Prifi 5 Ky
R, 2018 S EIE B2 HERF AL 2020 4F [EEE {5 222 WK X A 2235 40,
2022 £ E DL 5 RN BCR A 2T ERH LY, B 2024 4 IEEE {5 5 A B 2 o e 1R 3022t H
B % $H84F: (IEEE Transactions on Signal Processing) « {IEEE Transactions on Wireless Communications)-

(Journal of Global Optimization) « {TF5 %5 ) 1 iz 22224 ) SF T 9w 23, I % 04T C(IEEE Journal
on Selected Areas in Communications ) “ TG £k 815 W 25 R AL ER 1S 5 B & T & e 9w 2 . fih /2 IEEE
& 5 AL %2 SPCOM (Signal Processing for Communications and Networking) FiARZE &l ii, W&
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HOT: An Efficient Halpern Accelerating Algorithm for Optimal

Transport Problems

YR AHREIKRFP

WEME: This talk introduces HOT, an efficient Halpern accelerating algorithm for solving the optimal
transport (OT) problems with finite supports in ~ , where the involved linear systems in the HOT algorithm
can be efficiently solved in linear time complexity. Consequently, we can obtain an -approximate solution
(in terms of the Karush-Kuhn-Tucker (KKT) residual) to the OT problem with M supportsin  ( 2/ ) flops,
which improves the best-known computational complexity for the OT problem. For a class of important OT

2 with ground distances calculated by ~3-norm, we prove that HOT

problems where the supports are in
can obtain an -approximate solution (in terms of the KKT residual) to the OT problem with M supports in

( %/ ) flops by solving an equivalent reduced model of the discrete OT problem. We further propose an
efficient procedure to recover an optimal transport plan for the original OT problem based on a solution to
the reduced model, thereby overcoming the limitations of the reduced OT model in applications that require
the transport plan. We implement the HOT algorithm in PyTorch and numerical results show the superior
performance of the HOT algorithm compared to existing state-of-the-art algorithms for solving the OT

problems. This talk is based on the joint works with Guojun Zhang, Zhexuan Gu, and Defeng Sun from The

Hong Kong Polytechnic University.

i NI S ER I L AT A s B R 2 B R RN . A0 R ST RO AL, A
TR RE A ARl e A KRR L HERF R G B @ RR . SF OB RN AT TR KR T (SIAM
Journal on Optimization) . {Mathematical Programming Computation) . {Journal of Machine Learning
Research) . {IEEE Transactions on Pattern Analysis and Machine Intelligence )& F & 27 A AT & NeurIPS,
ICML, ICLR, ACM WWW, ACM SIGIR %5 \ T-% fig 4 1 22 R 23 1L
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A Class of Gradient-Based Algorithms for Constrained Bilevel

Optimization
gwmE @maAEKRF

WEMWE: This talk presents new approaches and single-loop, Hessian-free gradient-based algorithms for
solving a class of constrained bilevel optimization (BLO) problems, where the lower-level problem involves
constraints that couple both upper- and lower-level variables. Such problems have recently attracted
considerable interest in machine learning due to their wide applicability. However, the nonsmoothness
introduced by the lower-level coupling constraints complicates the design of efficient gradient-based methods.
To address this challenge, we introduce two distinct smooth reformulations of the constrained lower-level
problem: one based on a smooth proximal Lagrangian value function, and the other based on a doubly
regularized gap function. These reformulations transform the original BLO problem into an equivalent
single-level optimization problem with smooth constraints. Building on these reformulations, we develop
single-loop Hessian-free gradient-based algorithms for constrained BLO problems. Furthermore, the
generality of our approach enables its extension to bilevel optimization problems with a minimax lower-level

problem. Numerical experiments demonstrate the efficiency of the proposed algorithms.
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Inference for Local Conditional Quantile Treatment Effect Curve with

High-Dimensional Covariates
BFHR LT RF

WEME: This work investigates uniform inference for local conditional quantile treatment effect given
high-dimensional covariates for observational data with a binary instrumental variable. The conditional
treatment effect is heterogeneous with covariates. Under a parametric model for the local quantile regression
function, we develop lasso estimation for a non-convex and non-smooth objective function to estimate the
parameters of interest in the quantile regression function. An algorithm based on linear programming with
linear complementarity constraints is constructed to solve this non-convex and non-smooth optimization
problem. We propose debiased estimators and a pointwise inference method for the coefficients of the local
quantile regression function and the local conditional quantile treatment effects. We obtain the Gaussian
approximation results of the estimated local quantile treatment process and develop bootstrap resampling
methods to construct uniform confidence bands for the local conditional quantile treatment effects. The
performance and practical utility of the proposed method are evaluated through simulation studies and a case

study on the Student Achievement and Retention (STAR) Project.

WENEA: DU, R T B NSRS, SRR AT AL ETINAR E K S A2 i e SR 22T
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TAT IR | 2 B 2 S AUk ) S FH AT 7

Distributionally Robust Mean-Lower Partial Moment Model and its
Discrete Approximation

wEME: In this talk, we consider the distributionally robust mean-risk (DRM) model, when the risk is

measured by the lower partial moment and the underlying probability distribution of the random variable is
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unknown. An ambiguity set is used to hedge against a range of possible probability distributions that are
consistent with most available structural or statistical information. Firstly, we establish the existence of
optimal solutions of the inner maximization problem of the DRM model and optimal solutions of the outer
minimization problem of the DRM model, respectively. After that, we theoretically investigate the size of the
ambiguity set in the data-driven process endogenously. To find an optimal solution of the DRM model, we
propose a discrete approximation scheme, and provide convergence theorems validating that optimal solution
sets of discrete approximation problems converge to the optimal solution set of the DRM model. Moreover,
we introduce stationary points via the optimality of the nonconvex-nonconcave DRM model, and further
show that stationary points of discrete approximation problems converge to stationary points of the DRM

model.

WENES: A, HRRAHEE S G ABRI T oL, Al AL 2013 ST %
SR FHFE S G B, PAFIF LA 2019 450 )5 Bl T A W TR B 0% SR8 3 4
T LRI 22 20 R A T AU RS B A L2 fr . AR AR OGBS BENLALR), BENLISET, A
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Local Search for Clustering in Almost-linear Time

0 bR kAF

W E . We propose the first local search algorithm for Euclidean clustering that attains an
(1) -approximation in almost-linear time. Specifically, for Euclidean k-Means, our algorithm achieves an
( )-approximation in  ( '*) time, for any constant = 1, maintaining the same running time as the
previous (non-local-search-based) approach [la~Tour and Saulpic, arXiv'2407.11217] while improving the

approximation factor from ( ®) to (). The algorithm generalizes to any metric space with sparse

spanners, delivering efficient constant approximation in ~ metrics, doubling metrics, Jaccard metrics, etc.

This generality derives from our main technical contribution: a local search algorithm on general graphs that
obtains an  (1)-approximation in almost-linear time. We establish this through a new 1-swap local search
framework featuring a novel swap selection rule. At a high level, this rule “scores” every possible swap,
based on both its modification to the clustering and its improvement to the clustering objective, and then
selects those high-scoring swaps. To implement this, we design a new data structure for maintaining
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approximate nearest neighbors with amortized guarantees tailored to our framework.
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Riemannian Federated Learning via Averaging Gradient Stream

HX EINTKRF

W& W E: In recent years, federated learning has garnered significant attention as an efficient and
privacy-preserving distributed learning paradigm. In the Euclidean setting, federated averaging and its
variants are a class of efficient algorithms for expected (empirical) risk minimization. In this talk, we
introduce and analyze a Riemannian federated averaging gradient stream (RFedAGS) algorithm to problems
defined on a Riemannian manifold. The global convergence is established for fixed step sizes and decaying
step sizes. Unlike the existing Riemannian federated learning whose convergence analysis only allows one
agent or one step in local update, the proposed RFedAGS allows multiple agents and multiple-step local
updates. Thus, RFedAGS theoretically guarantees a reduction of outer iterations and therefore reduces
communication costs. Numerical simulations conducted on synthetic and real-world data demonstrate the

performance of the proposed RFedAGS.

Grassmann JiJE A1 Stiefel it NI A 7%

g  EBERF

WEME: A —EIE"N Nesterov BUNITHAES BVEHE 3 | Grassmann JitJEH Stiefel ijE o AR
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Convergence Analysis of the Transformed Gradient Projection
Algorithms on Compact Matrix Manifolds
FRF  PRF

WEME: In this paper, to address the optimization problem on a compact matrix manifold, we introduce a

novel algorithmic framework called the Transformed Gradient Projection (TGP) algorithm, using the
31



projection onto this compact matrix manifold. Our framework offers flexibility by encompassing the classical
gradient projection algorithms as special cases, and intersecting the retraction-based line-search algorithms.
Our focus is on the Stiefel or Grassmann manifold, revealing that many existing algorithms in the literature
can be seen as specific instances within our proposed framework, and this algorithmic framework also
induces several new special cases. Then, we conduct a thorough exploration of the convergence properties of
these algorithms, considering various search directions and stepsizes. Finally, we establish the weak

convergence, convergence rate, and global convergence of TGP algorithms under three distinct stepsizes.

TG A2 ZHAER. FiEE5MNH
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Faster Convergence of Condtional Gradient Method for Multiobjective

Optimization under Different Step Sizes

ek FTRIFELXRF

% %5 # E : This paper establishes enhanced convergence rates for the conditional gradient method in
multiobjective optimization under assumptions weaker than uniform convexity for the objective functions.

Structural conditions are imposed on the constraint set, including uniformly convex sets and polytopes. We

analyze both adaptive step sizes and diminishing step sizes of the form — with =1, improving upon the

. 4 . 1 .
previously used 7 The results show faster convergence rates surpassing the standard (—) Numerical

experiments verify the theoretical results.

Accelerated Multiobjective Gradient Methods with Efficient
Linear/Quadratic Subproblems
FE  EREARXEARFE TS/ ERIFERF

&G M E: In this work, we propose two accelerated gradient methods for solving unconstrained
multiobjective optimization problems. Based on the Nesterov accelerated gradient (NAG) flow in Luo and

Chen (Math. Program., 195: 735-781, 2022), we derive a novel accelerated multiobjective gradient (AMG)
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dynamical model. We then consider two numerical discretizations that lead to two accelerated multiobjective
gradient methods. Utilizing the duality approach, the corresponding subproblems are transformed into either
a quadratic projection or a linear programming. For the first method, we shall prove the sublinear rate and the
linear rate respectively for convex and strongly convex problems. The second method adopts a simple linear
subproblem, and theoretically, under the technical bounded assumption on the gradient, we establish the
sublinear convergence rate. Numerical results are provided to validate the performance of the proposed

methods.
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Quantized Signal Sensing: Formulations and Algorithms

AR FTEHRFREFHRAAHFHALR

WEME.: In this talk, we explore sensing from quantized signals, focusing on quantized linear regression
(QLR). QLR has applications across various domains, including signal processing, data analysis, and
wireless communication. We introduce formulations for maximum-likelihood estimation (MLE) and
amplitude retrieval (AR), highlighting new challenges involving integrals and nonsmooth objective functions.
Next, we discuss algorithm designs. In quantized MIMO detection, we present the first efficient

branch-and-bound method, significantly reducing complexity compared to exhaustive search. In parameter
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estimation, we reveal a hidden relationship between the EM and proximal gradient method, providing
valuable insights into EM convergence and facilitating the development of novel accelerated schemes. Then,
we introduce a deep unfolding adaptation, supported by a theoretical explanation of the activation function in

MIMO detection. Simulation results demonstrate the effectiveness of our approaches.
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An Effective Global Algorithm for Worst-Case Linear Optimization
under Polyhedral Uncertainty

FAais WP R

WEME: In this paper, we investigate effective algorithms for the worst-case linear optimization (WCLO)
under polyhedral uncertainty on the right-hand-side of the constraints that arises from a broad range of
applications and is known to be strongly NP-hard. We first develop a successive convex optimization (SCO)
algorithm for WCLO and show that it converges to a local solution of the transformed problem of WCLO.
Second, we develop a global algorithm (called SCOBB) for WCLO that finds a globally optimal solution to
the underlying WCLO within a pre-specified -tolerance by integrating the SCO method, LO relaxation,
branch-and-bound framework and initialization. We establish the global convergence of the SCOBB
algorithm and estimate its complexity. Finally, we integrate the SCOBB algorithm for WCLO to develop a
global algorithm for the two-stage adaptive robust optimization with a polyhedral uncertainty set. Preliminary
numerical results illustrate that the SCOBB algorithm can effectively find a global optimal solution to

medium and large-scale WCLO instances.

Global Optimization Methods for Two Kinds of Fractional Programming

Problems
Bath AR

HERE: In this report, we aim to find the global optimal solution of two kinds of fractional programming
problems (LFPP), which have numerous applications in many fields of economy and engineering. First of all,
by constructing the adaptive branching method and the linear relaxation bounding technique, we propose an
adaptive branch-and-bound algorithm to tackle the linear fractional multiplicative problem. Secondly, based
on the Charnes-Cooper transformation technique and the outer space branch-and-bound scheme, we propose
an outer space algorithm for the sum of linear ratios problem. We prove the global convergence of these
algorithms and estimate maximum number of iterations in the worst case. Finally, numerical results verify

the efficiency of these two algorithms.
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Computing Efficient Envy-Free Partial Allocations of Indivisible Goods

FHRA LARIERF

WEME: Envy-freeness is a central fairness concept in allocating indivisible goods. While trivial envy-free
allocations always exist, this fails when combined with efficiency goals such as completeness or welfare
maximization, making even existence problems computationally hard. We explore the limits of efficient
computability by relaxing standard efficiency concepts and allowing partial allocations with only mild
efficiency constraints, such as requiring each agent to gain some utility. Surprisingly, even these weak
requirements yield a rich computational landscape. We identify several polynomial-time or fixed-parameter

tractable cases for binary utilities, alongside NP-hardness for ternary utilities.

Correlated Pairwise Stability in Network Formation Games

L AW RF

WEME: Networks are at the forefront of research in economics and operations research as powerful tools

to model social and economic interactions. While to compute equilibria in network formation games is
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generally very hard, we combine the concept of pairwise stability and correlated equilibria and propose the
notion of correlated pairwise stability. We show that correlated pairwise stable networks can be Pareto

improvement of pairwise stable networks, and its computation is much easier.

A Game-Theoretic Approach to Solving the Roman Domination Problem
M54 i Imse K

WEME: In this paper, firstly, we propose a Roman domination game (RDG) and prove that every Nash
equilibrium (NE) of the game corresponds to a strong minimal Roman dominating function (S-RDF), as well
as a Pareto-optimal solution. Secondly, we show that RDG is an exact potential game, which guarantees the
existence of an NE. Thirdly, we design a game-based synchronous algorithm (GSA), which can be
implemented distributively and converge to an NE in rounds, where n is the number of vertices. In GSA, all

players make decisions depending on local information. Furthermore, we enhance GSA to be enhanced GSA
(EGSA), which converges to a better NE in  ( ?) rounds. Finally, we present numerical simulations to

demonstrate that EGSA can obtain a better approximate solution in promising computation time.

RS A6 HHALERAEE K BRI TTE
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On Block Coordinate Descent for Training Large Language Models
2 A& FIKRE GRI)

WMEME: This talk concerns memory efficient training of large language models. We will present BAdam,
an optimization method that leverages the block coordinate descent (BCD) framework with Adam's update
rule. BAdam offers a memory efficient approach to the full parameter finetuning of large language models.
We conduct a theoretical convergence analysis for BAdam in the deterministic case. Experimentally, we
apply BAdam to finetune the Llama 3-8B and Llama 3-70B models using a single RTX3090-24GB GPU and
4 A100-80GB GPUs, respectively. The results confirm BAdam's efficiency in terms of memory usage,
running time, and optimization capability. Furthermore, the downstream performance evaluation based on

MT-bench and math benchmarks shows that BAdam outperforms existing memory efficient baselines such as
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LoRA. It also demonstrates that BAdam can achieve comparable or even superior performance compared to

Adam.

22 }Y 2% Hessian [ F %7 K HXS Adam 737 B9 B

NEB AHEHEPIKRFE GRY])

WMERE: ARG T KBE S A (LLMs)  Hessian BFERIHT, SO EERHIR . FA15E
T Hessian [ 73 #fr 9t 4 Adam 7£ Transformer bFALT SGD, JF# H —Fhig &4 11 B A 77 7% Adam-mini.
B, FAIEEE T SGD fE Transformer EHJRIMUE R : (i) Transformer 52 “F iYL SHh 2 [A]H)
Hessian 1% 2 7 2 %, (i) 50 EFHAS 7 SGD: SGD fEAFLEHL ot P4 (1) 1) @R IAEE . SZ IR I A K
FATFINT Adam-mini, ERNFENRPEFARESE T — DR ZXSHED; A Adam 58 T
35-50% ) N AT, 7E 8B AL 5 5 B AL R I HE 0 L0, JRA Tl I BEATLAE RS, W18 70 At 1 #h422 I 2% Hessian
KA BAT o3 Bt M e, 8 0 B IR R IR — N G R

A Memory Efficient Randomized Subspace Optimization Method for
Training Large Language Models

b A | N

HEME: The memory challenges associated with training Large Language Models (LLMs) have become a
critical concern, particularly when using the Adam optimizer. To address this issue, numerous
memory-efficient techniques have been proposed, with GaLore standing out as a notable example designed to
reduce the memory footprint of optimizer states. However, these approaches do not alleviate the memory
burden imposed by activations, rendering them unsuitable for scenarios involving long context sequences or
large mini-batches. Moreover, their convergence properties are still not well-understood in the literature. In
this work, we introduce a Randomized Subspace Optimization framework for pre-training and fine-tuning
LLMs. Our approach decomposes the high-dimensional training problem into a series of lower-dimensional
subproblems. At each iteration, a random subspace is selected, and the parameters within that subspace are
optimized. This structured reduction in dimensionality allows our method to simultaneously reduce memory

usage for both activations and optimizer states. We establish comprehensive convergence guarantees and
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derive rates for various scenarios, accommodating different optimization strategies to solve the subproblems.
Extensive experiments validate the superior memory and communication efficiency of our method, achieving

performance comparable to GaLore and Adam.

TG AT LFEERAEPLSENMA
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Stochastic Bregman Proximal DCA for DC Composite Optimization
Problem with Plug-and-Play Applications

AP ARBE&EIEKRF

% % E . We propose a stochastic Bregman difference-of-convex algorithm (DCA) for a class of
difference-of-convex (DC) structured optimization problems, which minimizes a DC function along with a
potentially non-convex function. The novel method integrates the stochastic gradient and inertial strategy into
the classic DCA. Both the subsequential and global convergence of the inertial stochastic Bregman DCA are
established. Furthermore, we introduce a plug-and-play variant, which utilizes a deep neural network-based
prior, offering greater flexibility and robustness while ensuring theoretical convergence. Then, we prove that
the Gaussian gradient step denoiser employed in our method is equivalent to evaluating the Bregman
proximal operator for an implicitly weakly convex functional. Moreover, we thoroughly validate our method
in applications involving Rician noise and phase retrieval. The results demonstrate that the proposed method

outperforms existing state-of-the-art methods.

Generalized Heavy-Ball Methods for Machine Learning
B BEETHERF

WMEME: The Heavy-Ball (HB) method is an optimal method for minimizing convex quadratic functions,
and has achieved remarkable practical success in modern machine learning applications. In this talk, we
conduct a meticulous analysis of historical gradient coefficients in HB, leading to the proposal of a
generalized heavy-ball (GHB) method that incorporates two momentums. Our theoretical analysis
demonstrates that GHB achieves provable acceleration on convex quadratic functions. We further establish

its sublinear convergence for general convex functions and prove linear convergence guarantees under strong
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convexity and the Polyak-Lojasiewicz inequality, respectively. By adopting the idea of Polyak stepsize, we
design an adaptive stepsize for GHB, resulting in a variant named GHBP. Further, for large scale machine
learning problems, we extend our approach to stochastic settings through SGHB and SGHBP. Numerical

results are presented to demonstrate the effeciency of our proposed methods.

Removing Impulsive Noise for Unsourced Massive Random Access via

A Practical Inexact ADMM
i A A B T PN =

WEME: Unsourced massive random access manages simultaneously a massive number of uncoordinated
and bursty transmitters with a single receiver. Many traditional nonlinear least squares decoders at the
receiver are inadequate and perform poorly for low signal-to-noise ratio cases, especially for impulsive
(non-Gaussian) noises. In this talk, to deal with these heavy-tailed impulsive noises, we first propose a novel
1 -norm based tensor optimization model for decoding active users' symbols at the receiver. Then, we
introduce a practical alternating direction method of multipliers (ADMM) equipped with a novel inexact
strategy for dealing with a class of nonconvex and nonsmooth composite optimization problems. It is
noteworthy that our new algorithm can efficiently alleviate the computational burden caused by the
composite objective with a nonsmooth outer function and a nonlinear inner part. Theoretically, under some
standard conditions, we analyze the global convergence of the proposed practical ADMM. Numerical
experiments on unsourced massive random access with up to 1000 active users illustrate that the proposed

1-norm based optimization model and the newly introduced ADMM work well in practice.

LG A8 BHIR
5017 H1540-17:10 =8 54l
ORI AS R B R K oK e 57 FR
FEA  HHNF

WEWE: BEL B T A EERER], BlingtRigE, S EmGss. migE Tk, &
PERRE N A, SR A M TR SR AR o A SR AR RIS AT (1 EESROBOR B sy, PRI 5 B e 2

40



RIBFLIL . AR LS 4 LR A B EORRR AR IR BUORS IF 41— 2 ml Re M AL B AT 110

HOE ALK AESS: (MindOpt) £ AR 5 5 i3k
158 MPECRER
WERE, HOESRIRE (MindOpt) 25 B FEA BE R B EHF A (7 FR AL SR ARES, B 2020 4E %K
HiEABRALK, PAGZ 5 ERFREE, (ERIRTHRERUSE RS T K2R, E2A 5

VeI, BONSZEEZ LS OB TR . AR R A AROS RS (MindOpt) T IR B AN
L e 5 A o BE ORI 5 T R T 7T 5 L

IBOR A oI R 2t Jie
2HF B
HEE W IS HOR A COPT R AZEURHE: F LT 10 E AT KHUME 00 A I R B A L R R AR B B0
COPT H (KL A B HOM . PERLY CRAUTLIE, WAUERI—MSE) |« i, GRA%

O ZFrERRL GREEHD N Ukl GREREHD M IRAHFFRI . FEHEERR AT AR 2 1 0
RIS R SR BT BE . AR AR, FATHEE RUCARAT I COPT #0345 A S it e

RS A9 T
SH17H1540-17:10 =H95&W=E
Stability and Fairness Concepts in Facility Location and Clustering

Problems
FRE% Jdwmhpeksy (Rig)

WmEME: In a facility location problem, a set of facilities is to be built to serve spatially distributed
customers. Recently, many works have focused on allocating these facilities in a fair and stable way. In this

talk, we introduce two solution concepts: core fairness and popularity. Roughly, the core fairness of a
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solution requires that no coalition of agents, large enough in number, can collectively reduce their total
distance to the facilities by deviating to a different location. The popularity, on the other hand, ensures that
no unselected candidate location is more preferred than any selected facility. We study the existence,

computability, and approximability of solutions under these two concepts.

An Improved Approximation Algorithm for the Minimum  -Star

Partition Problem

2l AR IRF

wEME: Given an undirected graph = ( , ), the minimum -star partition problem is to find a
collection of vertex-disjoint stars containing at most K vertices to cover all the vertices of . The objective is

to minimize the number of stars in the collection. In this paper, we give a local search algorithm which

3+ 2-2 +4 35— +2

achieves an approximation ratio of ——— when =5 is even and

2 ( +1) 57 when =5 is odd. This

improves on the previous best E-approximation algorithm implied by Hell and Kirkpatrick for each =5.

In addition, we give examples to show that our analysis is tight.

A Parallel Algorithm for Minimum Weight Set Cover with Small
Neighborhood Property

SR R Pa S PN =

WEME: This paper studies the minimum weight set cover (MinWSC) problem with a small neighborhood

cover (SNC) property proposed by Agarwal et al. in \cite{Agarwal.}. A parallel algorithm for MinWSC with
3

-SNC property is presented, obtaining approximation ratio (1+3 ) in ( log+ —+4 32 ?log )

rounds, where 0 < < % 1S a constant, is the number of elements, and  is a parameter related to SNC

property. Our results not only improve the approximation ratio obtained in \cite {Agarwal.}, but also answer

two questions proposed in \cite { Agarwal.}.

42



FAMRE A10 RBBES UL

5 H 17 H 15:40-17:10 — B 3 7

Mini-batch Gradient Descent with Buffer

TEHE  AFRIFE RS

WEME: In this paper, we studied a buffered mini-batch gradient descent (BMGD) algorithm for training
complex model on massive datasets. The algorithm studied in this paper contains two steps: the buffering
step and the computation step. In the buffering step, a large batch of data (i.e., a buffer) are loaded from the
hard drive to the graphical memory of GPU. In the computation step, a standard mini-batch gradient descent
(MGD) algorithm is applied to the buffered data. We first investigate the theoretical properties of BMGD
algorithms under the Polyak-Lojasiewicz loss function class. The theoretical claims about the BMGD
algorithm are numerically verified by simulation studies. The practical usefulness of the proposed method is

demonstrated by three image-related real data analysis.

Optimal Multi-Machine Learning Assisted Semi-Supervised Inference

REf TFTEHFERAKT

W& E . Statistical inference is a fundamental problem with broad applications across fields such as
biomedical research, economic analysis, and quality control. Recently, Al or ML-labeled synthetic data has
emerged as a powerful tool for reducing the need for human annotations, offering innovative solutions to
semi-supervised learning challenges. However, existing methods have yet to fully exploit the predictive
power of diverse machine learning models. In this paper, we propose an efficient, robust, and reliable
strategy to address the problem of constructing confidence intervals. Additionally, our framework provides a
principled approach to constructing estimation intervals that account for shifts in the covariate distribution
between labeled and unlabeled data. We further illustrate the effectiveness of our method through

experiments on both synthetic and real-world datasets.
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Estimation and Inference for Density-Convoluted Support Vector

Machine with Streaming Data
L/ | PN &

& W E : In this paper, we investigate estimation and inference problems for the density-convoluted support

vector machine (DCSVM) coefficients with high-dimensional streaming data. We first propose an online
lasso estimator which can be obtained by optimizing a surrogate loss function. Instead of using complete
historical data, the surrogate loss function uses a renewable quadratic form to approximate historical
information. As a result, the estimation procedure only requires newly arrived data and limited historical
information, which can be updated in an online manner and also is storage-friendly. We derive the theoretical
error bounds of the proposed online lasso estimator under mild conditions. To eliminate the inherent bias of
the lasso estimator, we further propose an online debiased lasso estimator and construct a valid inference

procedure. We establish the asymptotic normality of the debiased estimator.

LIRS Bl WHRAER. ik
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Manifold Identification of Sparse Problem over the Stiefel Manifold
X4  FPEAFERXF

#HE W E: In this talk, we will discuss manifold identification for the 11-regularization problem on the Stiefel
manifold. First, we will demonstrate that the intersection of the identified manifold with the Stiefel manifold
forms a submanifold. Building on this, we will propose a novel second-order retraction-based algorithm
specifically designed for the intersected submanifold. Numerical experiments confirm that the new algorithm

exhibits superlinear convergence.
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Developing Lagrangian-based Methods for Nonsmooth Nonconvex
Optimization

HaAN  FHEPLRFE (RI)

WMEME: In this talk, we consider the minimization of a nonsmooth nonconvex objective function ()
over a closed convex subset of , with additional nonsmooth nonconvex constraints ( ) =0. We
develop a unified framework for developing Lagrangian-based methods, which takes a single-step update to
the primal variables by some subgradient methods in each iteration. These subgradient methods are
“embedded” into our framework, in the sense that they are incorporated as black-box updates to the primal
variables. We prove that our proposed framework inherits the global convergence guarantees from these
embedded subgradient methods under mild conditions. Preliminary numerical experiments on deep learning
tasks illustrate that our proposed framework yields efficient variants of Lagrangian-based methods with

convergence guarantees for nonconvex nonsmooth constrained optimization problems.

eI ARG R BB
3 I PR

45 # B . This talk focuses on a general nonsmooth optimization problem of expectation (online)
minimization over a Riemannian manifold. We propose a Riemannian stochastic Homotopy smoothing
method, which combines the Moreau envelope technique with the variance reduction method. It is proved
that the proposed method achieves an iteration complexity of ( ~3) to find an -stationary point. More
importantly, our method requires only (1) gradient evaluations per iteration and does not require restarting
with a large-batch gradient. We also consider the case where is an indicator function over a convex set.

Under a mild error bound condition with parameter =1, we establish a iteration complexity of

( —max +2,2 )
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Preference-Based Branch and Bound Algorithms for Multiobjective
Optimization

xEm TRIEFR

% %5 # E : Branch and bound algorithms are one of the effective methods for solving multiobjective
optimization problems. However, most of the multiobjective branch and bound algorithms aim at
approximating the complete Pareto optimal solution set, which makes these algorithms not only
computationally expensive, but also easy to put the decision maker in a decision dilemma. In order to
compensate for the above shortcomings, we introduce the decision maker's preference information into the
multi objective branch and bound algorithms to provide the decision maker with partial Pareto optimal
solutions that directly match his/her preferences. We mainly consider additional preference information in the
form of ordering cones and reference points, and design the corresponding branch and bound algorithms.

Numerical experiments verify the effectiveness of the algorithms.

Gradient Methods in Multiobjective Optimization: A

Majorization-Minimization Perspective

g ERIFERF

WMERE: Over the past two decades, multiobjective gradient methods have gained increasing attention
within the multiobjective optimization community. However, both theoretical and empirical results indicate
that even for well-conditioned problems, multiobjective first-order methods exhibit slow convergence due to
objective imbalances. On the other hand, multiobjective second-order methods often face difficulties in
balancing per-iteration costs with overall performance. In this talk, we will address these challenges from a

majorization-minimization perspective.
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Recent Advances in Proximal Gradient Method for Multiobjective
Optimization

REH  REFEITILXF

WEME: We consider a proximal gradient method for unconstrained nondifferentiable multiobjective
optimization problems, where the components of the objective function are the sum of a proper lower
semicontinuous function and a continuously differentiable function. The convergence rate of the proposed
method is analyzed when the smooth component function in the objective function is non-convex, convex,
and strongly convex, respectively. Particularly, when the problem is convex, by adopting a typical line search
procedure, we propose another proximal gradient method without the Lipschitz continuity of the gradients of
the smooth part of the objective function. Also, the accelerated version of the proposed approach based on
the Nesterov step strategy is considered and the improved convergence rate is obtained. Numerical
implementation strategies and performance profiles of the proposed methods on the considered problem

involving l;-norm and indicator function are also provided.
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Local Geometry Determines Global Landscape in Low-Rank

Factorization for Synchronization

RAFA LA KT

WEME: The orthogonal group synchronization problem, which focuses on recovering orthogonal group
elements from their corrupted pairwise measurements. The semidefinite relaxation (SDR) has proven its
power in solving this problem; however, its expensive computational costs impede its widespread practical
applications. We consider the Burer-Monteiro factorization, a scalable low-rank method to solve large scale
SDPs. Despite the significant empirical successes, it is still a challenging task to understand when the
nonconvex optimization landscape is benign. We demonstrate that if the degree of freedom within the
factorization exceeds twice the condition number of the Laplacian at the global minimizer, the optimization
landscape is absent of spurious local minima. Our main theorem is purely algebraic and versatile, and it
seamlessly applies to many examples: the nonconvex landscape remains benign under almost identical

condition that enables the success of the SDR.
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A New MISDP/MISOCP Relaxation for AC Optimal Transmission
Switching
SR P EFF R RS
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Multi-View Learning with Enhanced Multi-Weight Vector Projection
Support Vector Machine
F¥E  EESSZER KF
HEME: Multi-view learning aims on learning from the data represented by multiple distinct feature sets.

However, the existed methods often face the problems of long processing time or weak generalization on

some complex datasets. In this paper, two multi-view enhanced multi-weight vector projection support vector

49



machine models are proposed. One is a ratio form of multi-view enhanced multi-weight vector projection
support vector machine (R-MvEMV), while the other is a difference form (D-MvEMYV). Instead of searching
for specific classification hyperplanes, each proposed model tries to generate two projection matrices
composed of a set of projection vectors for each view. R-MVEMYV and D-MVEMYV can be simplified to two
generalized eigenvalue problems and two eigenvalue problems, respectively. Some numerical results show

the better classification performance and higher efficiency of the proposed methods.

TEHRE BS R
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Selfish Bin Packing: New Models and Cost-sharing Mechanism

23 LHEEIKF

HEME: This talk delves into mechanism design and equilibrium analysis in bin packing games, where
selfish agents strategically optimize their utilities under resource constraints. We first explore the bin packing
game with locations, designing strategy-proof mechanisms to address private information with approximation
ratios between [1.691, 2] and [5/3, 7/4]. Further, we analyze the selfish bin packing with punishment,
demonstrating how result-based dissuasive penalties reduce the Price of Anarchy (PoA) to =1.48,
outperforming behavior-dependent penalties. Finally, we extend to the open-end bin packing games, proving
Nash equilibrium existence and tight PoA bounds for general, minimum, and conflict-aware variants, where
conflict graphs model item incompatibility. These theoretical insights bridge the balance between

incentivizing truthfulness and minimizing social cost.

Order Acceptance and Scheduling with Weighted Makespan

Fob ik O K

W& E: In this paper, we study eight order acceptance and scheduling (OAS) problems by considering job
splitting, a fixed number of distinct processing times, weights or rejection costs, and position-dependent
processing times, weights or rejection costs, respectively. The objective is to minimize the weighted

makespan (maximum weighted completion time) of the accepted jobs plus the total rejection cost of the
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rejected jobs. We show that three of the eight OAS problems can be solved in polynomial time, another three
of the eight OAS problems are NP-hard, but the computational complexities of the remaining two OAS
problems are open. For each of those three NP-hard problems, we propose a pseudo-polynomial-time
dynamic programming algorithm and an efficient approximation algorithm. Based on the vector trimming
technique, we also obtain a fully polynomial time approximation scheme (FPTAS) for each of those NP-hard

problems.

Pareto-Scheduling of Two Competing Agents with Their Own Equal

Processing Times

[ de vk HRM K

HwEME: We consider the Pareto-scheduling of two competing agents on a single machine, in which the
jobs of each agent have their “own equal processing times” (shortly, OEPT). In the literature, two special
versions of the OEPT model, in which the jobs have either unit or equal processing times, have been well
studied, where the criteria are given by various regular objective functions without including the late work
criteria. This inspires our research by also including the total (weighted) late work as criteria. We show that,
for equal processing times, all the problems are binary NP-hard if the criterion of one agent is the total
tardiness or the total late work and the criterion of the other agent is either the total tardiness or the total late
work or the weighted number of tardy jobs or the total weighted completion time. We further show that most

of the problems under the OEPT model are either polynomially solvable or ordinary NP-hard.
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OptMATH: A Scalable Bidirectional Data Synthesis Framework for
Optimization Modeling
#Pk W RF
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Auto-Formulating Dynamic Programming Problems with Large

Language Models

FIRF  L#EZGEXF

HEME: Dynamic programming (DP) is a fundamental method in Operations Research, but formulating
DP models has traditionally required expert knowledge of both the problem context and DP techniques.
Large Language Models (LLMs) offer the potential to automate this process. However, DP problems pose
unique challenges due to their problem-specific nature and the need to interpret implicit information. This
makes it difficult to apply existing LLM-based methods developed for other mathematical domains directly
to DP problems. We introduce the first benchmark for DP problems, covering a wide range of textbook-level
DP problems to enable systematic evaluation. We propose a framework that guides the process from data
collection to training LLMs for DP formulation. Our framework markedly boosts open-source LLMs on DP
tasks, and the resulting model matches much larger state-of-the-art systems, underscoring the promise of

LLM-driven DP automation.
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Smooth Approximation Methods for Weakly Convex Optimization

b (%3 A Y- Sl I -~

WmEME: Standard complexity analyses for nonsmooth weakly convex optimization typically employ the
Moreau-envelope framework of Davis and Drusvyatskiy (2019), which demonstrates that proximal
subgradient, proximal point, and their stochastic variants effectively minimize an implicit smooth surrogate.
To complement this, we introduce a new class of smoothable functions, extending classical convex
smoothing paradigms (Nesterov, 2005; Beck & Teboulle, 2012). Our unified framework subsumes
Nesterov’s composition smoothing, Moreau-envelope smoothing and enables the development of fast

gradient based algorithms for deterministic or stochastic weakly convex problems.
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Dimension Reduction in Stochastic Gradient Descent

sy bFiBEREKF

%5 # & Sparsity-promoting regularizers are widely used to impose low-complexity structure (e.g.,
I1-norm for sparsity) to the regression coefficients of supervised learning. In the realm of deterministic
optimization, the sequence generated by iterative algorithms (such as proximal gradient descent) exhibit
“finite activity identification” property, that is, they can identify the low-complexity structure of the solution
in a finite number of iterations. However, many online algorithms (such as proximal stochastic gradient
descent) do not have this property owing to the vanishing step-size and nonvanishing variance. In this talk, I
will show that by combining with a screening rule, we can eliminate useless features of the iterates generated
by online algorithms, and thereby enforce finite sparsity identification. One advantage of our scheme is that
when combined with any convergent online algorithm, sparsity properties imposed by the regularizer can be

exploited to improve computational efficiency. Numerically, significant acceleration can be obtained.

LR BS FEHL—Br &
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Cubic Regularized Newton Methods with Stochastic Hessian

Evaluations and Momentum-Based Variance Reduction

Hk  MERF

HEME: In this work, we introduce a new variant of the cubic regularized Newton method, which does not
require exact evaluation of the Hessian but relaxes it to stochastic evaluations with Polyak momentum and
recursive momentum. This relaxation reduces the per-iteration costs of second-order methods and allows for

greater flexibility in incorporating second-order information into optimization algorithm design. We establish

—7/4

the worst-case iteration complexity of  (max { ., 7'} (Polyak momentum) and  (max { _5/3, )

(recursive momentum) for finding an ( 3/2, 3)-second-order stationary points. To the best of our knowledge,

this is the first second-order method which rely on exact gradient computation and stochastic Hessian

estimator, can still achieve better complexity than first-order methods.
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Preference Robust Optimization

v KEWITKF

WEME: Preference robust optimization concerns decision making problems where the decision maker's
utility or risk preference is ambiguous and the optimal decision is based on the worst case utility function or
risk measure from a set constructed with available information. This talk will discuss some PRO models,

computational schemes and underlying theory.

Preconditioned Inexact Stochastic ADMM for Deep Model
A EE  dewad R

& % E: The recent advancement of foundation models (FMs) has brought about a paradigm shift,
revolutionizing various sectors worldwide. The popular optimizers used to train these models are stochastic
gradient descent-based algorithms, which face inherent limitations, such as slow convergence and stringent
assumptions for convergence. In particular, data heterogeneity arising from distributed settings poses
significant challenges to their theoretical and numerical performance. This paper develops an algorithm,
PISA (Preconditioned Inexact Stochastic Alternating Direction Method of Multipliers), which enables
scalable parallel computing and supports various second-moment schemes. Grounded in rigorous theoretical
guarantees, the algorithm converges under the sole assumption of Lipschitz continuity of the gradient,
thereby removing the need for other conditions commonly imposed by stochastic methods. This capability
enables PISA to tackle the challenge of data heterogeneity effectively. Comprehensive vision language
models, reinforcement learning models, generative adversarial networks, and recurrent neural networks,

demonstrate its superior numerical performance compared to various state-of-the-art optimizers.
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On the Approximate Core and Nucleon of Flow Games
B TEEFERF
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Experimental Design Using Interlacing Polynomials

A% A& RF

WEME: We present a unified deterministic approach for experimental design problems using the method
of interlacing polynomials. Our framework recovers the best-known approximation guarantees for the
well-studied D/A/E-design problems with simple analysis. Furthermore, we obtain improved non-trivial
approximation guarantee for E-design in the challenging small budget regime. Additionally, our approach
provides an optimal approximation guarantee for a generalized ratio objective that generalizes both D-design

and A-design.

Approximating Competitive Equilibrium by Nash Welfare
BaRs BB K
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Distributional Off-Policy Evaluation with Deep Quantile Process

Regression

S =y 2 N

W& E : This paper investigates the off-policy evaluation (OPE) problem from a distributional perspective,
with the aim of modeling the entire distribution of total returns, rather than focusing solely on estimating the
expectation (value function), as most existing OPE methods do. Specifically, we introduce a quantile-based
approach for OPE using deep quantile process regression, presenting a novel algorithm called Deep Quantile
Process regression-based Off-Policy Evaluation (DQPOPE). We provide new theoretical insights into the
deep quantile process regression technique, extending existing approaches that estimate discrete quantiles to
estimate a continuous quantile function. A key contribution of our work is the rigorous sample complexity
analysis for distributional OPE with deep neural networks, bridging theoretical analysis with practical

algorithmic implementations.
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Communication-Efficient and Distributed-Oracle Estimation for

High-Dimensional Quantile Regression

Al PEARKE RIS KRBT TR

WE M E: In this article, we present a novel communication-efficient estimator for distributed
high-dimensional quantile regression with folded-concave penalties. An iterative multi-step (IM) algorithm is
employed to tackle the nonconvex challenge of the objective function, taking into account both the statistical
accuracy and the communication constraints. We demonstrate that the proposed IM estimators share similar
properties with the global folded-concave penalized estimator. To establish the theoretical results, we
introduce a new concept called distributed-oracle estimator. We prove that the proposed estimator converges
to the distributed-oracle estimator with high probability. Compared to the 1 -penalized method, the IM
estimator possesses a faster rate of convergence and requires milder conditions to achieve support recovery.
Furthermore, we extend our framework to facilitate distributed inference for the preconceived
low-dimensional components within the high-dimensional model. We derive the limiting distribution of the
corresponding test statistic under the null hypothesis and the local alternatives. In addition, a new
feature-splitting algorithm is devised to accommodate the high-dimensional data within the distributed
system. Extensive numerical studies demonstrate the effectiveness and validity of our proposed estimation

and inference methods. A real example is also presented for illustration.

Optimization Agent: A Novel Two-sided Optimization Framework via

Strategic Limit Theory

Rk BRAKS

HEWE: This paper proposes a unified framework for the global optimization of a continuous function in a
bounded rectangular domain. Specifically, we show that, under the optimal strategy for a two-armed decision
model, the sample mean converges to a global optimizer under the Strategic Law of Large Numbers.
Motivated by this result, we propose a novel class of Strategic Monte Carlo Optimization (SMCO)
algorithms, which uses a simple strategy that makes coordinate-wise two-armed decisions based on the signs
of the partial gradient. While this simple strategy is not generally optimal, we show that it is sufficient for our
SMCO algorithm to converge to local optimizer(s) almost surely from a single starting point, and to global
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optimizers under a growing set of starting points. Numerical studies demonstrate the suitability of our SMCO
algorithm for global optimization well beyond our theoretical results. For a wide range of test functions with
challenging optimization landscapes (including ReLU neural networks with square and hinge loss), our
SMCO algorithms converge to the global maximum accurately, fast, and robustly, using only a small set of
starting points (at most 100 for dimensions up to 1000) and a small number of maximum iterations (200). In
fact, our algorithms outperform many state-of-the-art global optimizers, as well as local algorithms

augmented with the same set of starting points as ours.
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Generalized-Smooth Bilevel Optimization with Nonconvex Lower-Level

BER  BAFMEMRRF

HwEME: Bilevel optimization is widely applied in many machine learning tasks such as hyper-parameter
learning and meta learning. Although many algorithms have been proposed to solve the bilevel optimization
problems, they rely on the smoothness condition of objectives. More recently, some methods have begun to
study generalized smooth bilevel optimization. However, these methods only focus on the (strongly) convex
lower objectives and generalized-smooth upper-level objective, but still require the standard smooth
lower-level objective. In the paper, we study the generalized-smooth bilevel optimization with the nonconvex
lower-level objective, where both upper-level and lower-level objectives are generalized-smooth. We
propose an efficient Hessian/Jacobian-free penalty normalized gradient (i.e., PNGBiO) method. Moreover,
we prove that our PNGBiO method obtains a low gradient complexity. Some experimental results

demonstrate efficiency of our proposed method.

An Infinite-Dimensional Duality Theory with Applications to Moral
Hazard

AR BTk

WMEME: Moral hazard models have become ubiquitous in management science despite their inherent

mathematical challenges. These models constitute a class of nonlinear, bilevel, infinite-dimensional
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optimization problems that exhibit special properties, permitting structural characterizations under certain —
often quite restrictive — assumptions. In this study, we investigate milder conditions that nevertheless yield
analytical characterizations of optimal contracts while preserving contract continuity. Our methodological
contribution centers on a novel infinite-dimensional duality theorem for nonconvex optimization problems in
function spaces. Crucially, this duality result depends on concavity properties of the Lagrangian function

rather than requiring differentiability or convexity of either the objective function or the constraints.

Gradient-Based Algorithms for Bilevel Optimization and Applications
R AAHAE KT

WEWE: This talk will explore recent advancements in gradient-based algorithms for bilevel optimization
problems, as well as their applications in machine learning. First, we introduce several efficient implicit
gradient-based algorithms that achieve optimal sample complexity when the lower-level problem is strongly
convex. For more challenging scenarios involving non-uniqueness or constraints, we discuss gap
function-based methods that guarantee provable convergence using only first-order gradient information.
Notably, these methods can be efficiently implemented in a single-loop structure, making them highly

suitable for large-scale applications.

LR B12 FEHLLAL

5H 18 H13:30-15:00 —AkWist 1T

A Localized Progressive Hedging Algorithm for Solving Nonmonotone

Stochastic Variational Inequalities

KifF FREREF

WEME: The progressive hedging algorithm (PHA) is an effective solution method for solving monotone
stochastic variational inequalities (SVI). However, this validity is based on the assumption of the global
maximal monotonicity. In this talk, we propose a localized PHA for solving nonmonotone SVI and show that

its validity is based on the weaker assumption of locally elicitable maximal monotonicity. Furthermore, we
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prove that such assumption holds when the involved mapping in the SVI is locally elicitable monotone or
locally monotone. The local convergence of the proposed algorithm is established, and it is shown that the
localized PHA has the rate of linear convergence under some mild assumptions. Some numerical experiments
including a two-stage orange market problem and randomly generated two-stage piecewise stochastic linear

complementarity problems indicate that the proposed algorithm is efficient.

Stochastic Zeroth-order Methods for Stochastic Nonsmooth
Multiobjective Optimization with Parameterized Variational Inequality

Constraints

WEHE: This paper investigates a class of stochastic multiobjective optimization problems constrained by
parameterized variational inequalities. The constraint mapping is assumed to be strongly monotone, leading
to an implicit nonsmooth stochastic multiobjective problem. A key challenge arises from the absence of an
oracle to directly evaluate the parameterized variational inequality constraints, rendering conventional
zeroth-order optimization frameworks inapplicable. To bridge this gap, we propose a locally randomized
zeroth-order algorithm that employs biased gradient approximations for the implicit objective functions.
Under mild conditions, we establish the convergence results of the proposed algorithm in the convex and
nonconvex cases, respectively. Numerical experiments are conducted to validate the effectiveness of the

proposed algorithms.

Stochastic Dominance Constrained MDPs: Tractable Sample

Approximations and Convergence Guarantees

WA mE RS

WEME: This paper studies an infinite-horizon constrained Markov decision process (MDP) problem with
multiple random rewards and ambiguous risk-averse preferences. The MDP problem maximizes the
cumulative discounted expected reward satisfying multivariate second-order stochastic dominance (SSD)

constraints. We use the occupation measure to reformulate the SSD-constrained MDP as semi-infinite
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programming. We proposed a two-level tractable approximation scheme to solve the MDP, based on discrete
approximation and sample average approximation. We provide theoretical guarantees for approximation

convergence, including quantitative error estimations and quantitative/qualitative convergence results.
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Optimal Control for a Quasistatic Viscoelastic Contact Problem

RAe% FPEHRFREFLEAAHFZHRTR

WEME: In this talk, we focus on an optimal control problem for a quasistatic viscoelastic contact problem
with long memory. We establish the existence of weak solution to the contact problem and show the

solvability of the optimal control problem.

A Fast Adaptive Bregman Proximal DC Algorithm for DC Optimization

Problems

2 Tk ISR

HEME: In this talk, we consider a class of nonsmooth DC optimization problems. We first propose a fast
adaptive Bregman proximal DC algorithm. Then we analyze the convergence behavior of the method. Finally,

some numerical tests are done to show the efficiency.

Extrapolated Hard Thresholding Algorithms with Finite Length for

Composite LO Penalized Problems

XM ARIETL KT

WwE M E: For a class of sparse optimization problems with the penalty function of [[( )+]|g, we first
characterize its local minimizers and then propose an extrapolated hard thresholding algorithm to solve such
problems. We show that the iterates generated by the proposed algorithm with >0 (where  is the dry
friction coefficient) have finite length, without relying on the Kurdyka-{\L}ojasiewicz inequality.
Furthermore, we demonstrate that the algorithm converges to an  -local minimizer of this problem. For the

special case that = 0, we establish that any accumulation point of the iterates is a local minimizer of the
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problem. Additionally, we analyze the convergence when an error term is present in the algorithm, showing
that the algorithm still converges in the same manner as before, provided that the errors asymptotically
approach zero. Finally, we conduct numerical experiments to verify the theoretical results of the proposed

algorithm.

KRS B15 B 5XRBSAERANELR, TEENH
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Existence and Qualitative Analysis for Three Class of Multivalued

Variational-Hemivariational Inequalities

TAE FRIFIEKRF

WEME: The aim of this talk is to give a detailed discussion of existence and qualitative analysis for three
classes multivalued variational-hemivariational inequalities which are variational-hemivariational
inequalities with multivalued Bresiz pseudomonotone operators, and multivalued quasi-variational

-hemivariational inequalities with or without non-self constraint maps.

Dynamic Systems Coupled with Solutions of Stochastic Nonsmooth

Convex Optimization

TE%E FRRF

#HE W E : In this talk, we will introduce a work which studies ordinary differential equations (ODE) coupled
with solutions of a stochastic nonsmooth convex optimization problem (SNCOP). We use the regularization
approach, the sample average approximation and the time-stepping method to construct discrete
approximation problems. We show the existence of solutions to the original problem and the discrete
problems. Moreover, we show that the optimal solution of the SNCOP with a strong convex objective
function admits a linear growth condition and the optimal solution of the regularized SNCOP converges to

the least-norm solution of the original SNCOP, which are crucial for us to derive the convergence results of
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the discrete problems. We illustrate the theoretical results and applications for the estimation of the

time-varying parameters in ODE by numerical examples. Joint work with Prof. Xiaojun Chen (PolyUHK).

A Double Step Rothe Scheme for Hyperbolic Clarke Subdifferential

Inclusions Controlled by Evolution Equations

ReB WL RE

WEME: In this talk, we introduce a coupled system which consists of a hyperbolic Clarke subdifferential
inclusion and an evolution equation in Banach spaces. Using temporally semidiscrete method based on the
double step scheme, we construct a discrete approximate system. The existence of solutions and its a-priori
estimates for the discrete approximate system are provided by the surjectivity of multivalued
pesudomonotone operators and discrete Gronwall’s inequality. Finally, we show that the solution sequence of
the discrete approximate system converges weakly to a limit element, which is a solution of the coupled

original system.
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The Distributionally Robust Optimization Model of Sparse Principal

Component Analysis

IE HHREIXRF

mEME: We consider sparse principal component analysis (PCA) under a stochastic setting where the
underlying probability distribution of the random parameter is uncertain. This problem is formulated as a
distributionally robust optimization (DRO) model by capturing uncertainty in the covariance matrix, which
constitutes a nonsmooth constrained min-max optimization problem. We further prove that the inner
maximization problem admits a closed-form solution, reformulating the original DRO model into an
equivalent minimization problem on the Stiefel manifold. To solve the reformulated model, we devise an
efficient smoothing manifold proximal gradient algorithm. We prove the global convergence of our algorithm
to a stationary point and establish the iteration complexity. Finally, numerical experiments are conducted to
validate the effectiveness and scalability of our algorithm, as well as to highlight the necessity and rationality

of adopting the DRO model for sparse PCA.
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A Stochastic Semismooth Newton Method for Nonsmooth Constrained

Optimization on Riemannian Manifolds
W&k T ERE

WEME: In this talk, we consider a class of optimization problems defined on Riemannian manifolds
involving nonconvex objectives composed with nonsmooth terms, subject to general equality and inequality
constraints. We propose a stochastic semismooth Newton method with Moreau—Yosida regularization for
nonsmooth terms, embedded within a stochastic augmented Lagrangian (AL) framework that incorporates
second-order information through stochastic gradient and Hessian approximations. Under mild assumptions,
we establish the global convergence of the proposed algorithm using quasi-martingale convergence theory.
Furthermore, under additional semismoothness and regularity assumptions, we establish local linear

convergence rate.
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Multiobjective Sparse Facility Location Problem
FoE  EAIAKRF

WwE M E . Facility network designers sometimes aim to minimize the number of facilities that provide

adequate services to all users, even at the expense of increasing the total cost. To achieve this goal, this paper
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proposes a multi-objective sparse facility location model. The objective function of this model includes a
sparsity-inducing term, making it a challenging mixed-integer multi-objective programming model to solve.
Unlike conventional approaches for solving mixed-integer programming problems, this paper relaxes the
mixed-integer multi-objective programming model into a continuous, implicitly smooth, nonlinear
multi-objective programming model, which can be solved by standard algorithms. Furthermore, the
convergence of the solutions for the relaxed model is also discussed in this paper. Numerical experiments
demonstrate that this continuous relaxation approach can effectively obtain integer solutions for the

multi-objective sparse facility location model.

Convergence of Inexact Steepest Descent Algorithm for Multiobjective

Optimizations on Riemannian Manifolds Without Curvature Constraints

Il NIRRT

HEME: We study the issue of convergence for inexact steepest descent algorithm (employing general step
sizes) for multiobjective optimizations on general Riemannian manifolds (without curvature constraints).
Under the assumption of the local convexity/quasiconvexity, local/global convergence results are established.
Furthermore, without the assumption of the local convexity/quasi-convexity, but under an error bound-like
condition, local/global convergence results and convergence rate estimates are presented, which are new even
in the linear space setting. Our results improve/extend the corresponding ones in (Wang et al. in SIAM J
Optim 31(1):172-199, 2021) for scalar optimization problems on Riemannian manifolds to multiobjective
ones. Finally, for the special case when the inexact steepest descent algorithm employing Armijo rule, our
results improve/extend the corresponding ones in (Ferreira et al. in JOptim Theory Appl 184:507-533, 2020)

by relaxing curvature constraints.

Optimality Conditions at Infinity in Semialgebraic Vector Optimization

HaE AP RF

WMEME: In this talk, we first introduce certain cones associated with unbounded semialgebraic sets at
infinity. Then we establish optimality conditions at infinity in terms of the Newton polyhedra of the objective
mappings and of the cones at infinity for semial.
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Efficiently and Globally Solving Joint Beamforming and Compression

Problem in the Cooperative Cellular Network via Lagrangian Duality

LERR  FTEMRFRAFLHAAHAFHLR

WEME: The cooperative cellular network is a promising network architecture that can effectively mitigate
the multi-user interference, where multiple relay-like base stations (BSs) are connected to the central

processor via rate-limited fronthaul links and serve the users cooperatively.

RADA: A Flexible Algorithmic Framework for Nonconvex-Linear

Minimax Problems on Riemannian Manifolds

wEH  FTEMRFREFLHAEH/FHAAR

W& E . In this talk, we focus on the nonconvex-linear minimax problem on Riemannian manifolds, which
can be equivalently reformulated as the Riemannian nonsmooth composite problem and finds wide
applications in machine learning and signal processing. For solving this class of problems, we propose a
flexible Riemannian alternating descent ascent algorithmic framework and prove that the proposed
framework achieves the best-known iteration complexity. Various customized simple yet efficient algorithms
can be incorporated within the proposed algorithmic framework and applied to different problem scenarios.
We also reveal intriguing similarities and differences between the algorithms developed within our proposed
framework and existing algorithms, which provide important insights into why the former outperform the
latter. Lastly, we report numerical results on sparse PCA, fair PCA, and sparse spectral clustering to

demonstrate the superior performance of the proposed algorithms.
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Quadratic Convex Reformulations for a Class of Complex Quadratic

Programming Problems

Fofg e KF
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Colorful k-clustering

WER P EAFREI LA IR

e wWE. Clustering has long been a fundamental problem that has attracted research interest in
combinatorial optimization and computational geometry over the years. This presentation will focus on
recent research mainstream of colorful fair clustering models, motivated by privacy awareness in modern
machine learning tasks. We introduce colorful fairness from both facility and client perspectives based on
recent work on colorful k-clustering. Our result on colorful sum of radii remains state-of-the-art and colorful
k-supplier has been improved to a 3-approximation from ours S5-approximation by Thejaswi et al. very

recently, closing the gap under P#NP.

Time and Energy Driven Online Scheduling Problem in EV Charging
kB PEMFREI EERZARAFTE

%5 # E . Electric vehicles (EVs) become more and more popular, along with the higher and higher
efficiency demand for charging scheduling. In this talk, we study the online scheduling problem of EV
charging that minimizes the maximum flow time, solving the problem of queuing congestion at charging
stations during peak hours. Based on the characteristics of the charging power curve of electric vehicles, we
design an online scheduling algorithm for EV charging and prove that the ratio of this algorithm to the
optimal offline algorithm is 3.4528(1+€). We analyze and find that the proposed algorithm can adjust the
charging time proportionally, allowing the electric vehicle EV to gradually reach the final State of Charge
(SOC). According to the battery overheating protection mechanism, charging will stop when the battery level
starts to decrease. This method effectively balances the trade-off between time cost and energy intake,

significantly improving the queuing situation for charging electric vehicles during peak hours.
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Generative Models for Combinatoial Problems
N - i I N

% M E . Recent studies have highlighted a key performance bottleneck in modeling Combinatorial
Optimization (CO) as neural solution prediction tasks. Neural networks, in attempting to minimize the
average objective score across a distribution of historical problem instances, often deviate from the primary
goal of CO, which is to find optimal solutions for each individual test instance. This calls for an effective
search process for each problem instance, with the model providing supporting knowledge to guide the
search. To address this, we propose a generative modeling approach that learns the distribution of
high-quality solutions for each instance, aiming to capture the fundamental nature of the problem rather than
just predicting a single solution point. We introduce the T2T (Training to Testing) framework, based on
diffusion models, which first leverages generative modeling during training to estimate the high-quality
solution distribution for each instance. During testing, a neural search process exploits the learned solution
space through noise-addition and denoising iterations. Additionally, we propose an Optimization Consistency
Model that accelerates solution finding by learning a consistency mapping to enable single-step or few-step
generation, significantly improving solving speed. We also investigate the inference-time scaling dynamics
of diffusion models for optimization problems and demonstrate that our proposed neural search process
achieves superior performance, scaling better per computation than extending denoising steps. Building upon
this, we design DiffSearch, a method that reallocates computational resources to higher-level iterative
refinement cycles, rather than relying on over-parameterized single-round generation. Our method serves as a
foundational framework adaptable to various combinatorial optimization problems, and experimental results
on problems like TSP and MIS show significant performance improvements over existing learning-based

approaches.
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Github: https://github.com/antgroup/LLMOPT/

Huggingface: https://huggingface.co/ant-opt/LLMOPT-Qwen2.5-14B
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On the Complexity of Distributed Nonconvex Optimization

T  HEXRF

H % #% E . We consider the incremental first-order optimization (IFO) for distributed nonconvex
optimization. We first revisit the problem setting in single machine scenario by distinguishing the difference
between global and mean-squared smoothness parameters. The key observation is that the optimal IFO
complexity is indeed achieved by the trade-off between variance reduction methods and classical gradient

descent. We then design the distributed algorithm by introducing the new sampling strategy that allows
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different mini-batch sizes on different nodes. The theoretical analysis shows the IFO calls, the computational
rounds, and the communication rounds of our algorithms are near-optimal. We can extend our results to the

problem with PL condition, which also achieve the near-optimal upper complexity bounds.

A Normal Map-Based Proximal Stochastic Gradient Method:

Convergence and Identification Properties

FARSL #Aedk E K

WEME: The proximal stochastic gradient method (Prox-SGD) is one of the state-of-the-art approaches for
stochastic composite-type problems. In contrast to its deterministic counterpart, Prox-SGD has been found to
have difficulties with the correct identification of underlying substructures (such as supports, low rank
patterns, or active constraints) and it does not possess a finite-time manifold identification property. Existing
solutions rely on convexity assumptions or on the additional usage of variance reduction techniques. In this
talk, we address these limitations and present a simple variant of Prox-SGD based on Robinson's normal map.
The proposed normal map-based proximal stochastic gradient method (Norm-SGD) is shown to converge
globally, i.e., accumulation points of the generated iterates correspond to stationary points almost surely. In
addition, we establish complexity bounds for Norm-SGD that match the known results for Prox-SGD and we
prove that Norm-SGD can almost surely identify active manifolds in finite-time in a general nonconvex
setting. Our derivations are built on almost sure iterate convergence guarantees and utilize analysis

techniques based on the Kurdyka-Lojasiewicz inequality.

A Momemtum-Based Linearized Augmented Lagrangian Method for

Nonconvex Constrained Stochastic Optimization

EB P RF

#HEE : Nonconvex constrained stochastic optimization has emerged in many important application areas.
Subject to general functional constraints it minimizes the sum of an expectation function and a nonsmooth
regularizer. Main challenges arise due to the stochasticity in the random integrand and the possibly
nonconvex functional constraints. To address these issues we propose a momentum-based linearized
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augmented Lagrangian method (MLALM). MLALM adopts a single-loop framework and incorporates a
recursive momentum scheme to compute the stochastic gradient, which enables the construction of a
stochastic approximation to the augmented Lagrangian function. We provide an analysis of global
convergence of MLALM. Under mild conditions and with unbounded penalty parameters, we show that the
sequences of average stationarity measure and constraint violations are convergent in expectation. Under a
constraint qualification assumption the sequences of average constraint violation and complementary
slackness measure converge to zero in expectation. We also explore properties of those related metrics when
penalty parameters are bounded. Furthermore, we investigate oracle complexities of MLALM in terms of
total number of stochastic gradient evaluations to find an  -stationary point and an -KKT point when
assuming the constraint qualification. Numerical experiments on two types of test problems reveal promising

performances of the proposed algorithm.

ERRE C8 FEHL—Br &
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An Accelerated Distributed Stochastic Gradient Method with

Momentum

®R  AAEFLIRFT (RI)

WEME: In this talk, we introduce an accelerated distributed stochastic gradient method with momentum
for solving the distributed optimization problem, where a group of = agents collaboratively minimize the
average of the local objective functions over a connected network. The method, termed “Distributed
Stochastic Momentum Tracking (DSMT)”, is a single-loop algorithm that utilizes the momentum tracking
technique as well as the Loopless Chebyshev Acceleration (LCA) method. We show that DSMT can
asymptotically achieve comparable convergence rates as centralized stochastic gradient descent (SGD)

method under a general variance condition regarding the stochastic gradients. Moreover, the number of

iterations (transient times) required for DSMT to achieve such rates behaves as ( 53/(1— )) for

minimizing general smooth objective functions, and (,/ /(1— )) under the Polyak-Lojasiewicz (PL)

condition. Here, the term 1 —  denotes the spectral gap of the mixing matrix related to the underlying
network topology. Notably, the obtained results do not rely on multiple inter-node communications or
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stochastic gradient accumulation per iteration, and the transient times are the shortest under the setting to the

best of our knowledge.

A Modified Subgradient Extragradient Algorithm for Solving

Non-Monotone Equilibrium Problems

% mEIERE

WMERE: In this paper, a relaxed modified subgradient extragradient algorithm is proposed to solve the
equilibrium problems of Lipschitz-type bifunctions without any monotone assumptions in Hilbert spaces.
This algorithm uses a non-monotone step to prove the weak convergence of the sequence generated by the
algorithm without knowing the Lipschitz-type constant of the bifunctions. Meanwhile, R-linear convergence
rate is obtained under the strong pseudomonotonicity of the mapping. Numerical experiments show that
compared with other algorithms, the iteration numbers and CPU time of the proposed algorithms are greatly

improved when the same termination condition is reached.

Decentralized Conjugate Gradient and Memoryless BFGS Methods

B mRMEMRKF

HEME: This paper proposes a new decentralized conjugate gradient (NDCG) method and a decentralized
memoryless BFGS (DMBFGS) method for the nonconvex and strongly convex decentralized optimization
problem, respectively. In particular, we show global convergence of NDCG with constant stepsize for
general nonconvex smooth decentralized optimization. Our new DMBFGS method uses a scaled memoryless
BFGS technique and only requires gradient information to approximate second-order information of the
component functions in the objective. We also establish global convergence and linear convergence rate of
DMBFGS with constant stepsize for strongly convex smooth decentralized optimization. Our numerical
results show that NDCG and DMBFGS are very efficient in terms of both iteration and communication cost

compared with other state-of-the-art methods for solving smooth decentralized optimization.

78



LG C9 HEML

5H 18 H 15:00-16:30 —=fk9 52i=

Online Flow Time Minimization: Tight Bounds for Non-Preemptive

Algorithms

KFR L@ XF

WERE: This paper studies online scheduling to minimize total flow time for ~ jobs on identical
machines. Prior work suggests preemption or augmentation is necessary due to an Q( ) lower bound for
deterministic non-preemptive algorithms on one machine (Kellerer et al., SICOMP 1999). But what about

> 1? Can randomness help?We answer both. We give a deterministic algorithm with ratio ( / 2+

v / log ) and a nearly matching lower bound. We also give a tight randomized algorithm with ratio
(y 7/ ), breaking the Q( ) deterministic lower bound when = = 1.We also study the kill-and-restart

model. For =1, we prove an Q( /log ) bound. For = 2, we present a tight (y/ / ) deterministic

algorithm. Our algorithms are polynomial-time and improve the best-known offline approximation ratio from

7 log( 7/ Nto /7).

Polylogarithmic Approximations for Robust s-t Path

R BRIFRERT

W& E: The work revisits robust - path. In the problem, we are given a directed graph with  vertices
and distinct cost functions (scenarios) defined over edges, and aim to choose an - path such that the
total cost of the path is always provable no matter which scenario is realized. Viewing each cost function as
an agent, our goal is to find a fair - path, which minimizes the maximum cost among all agents. Our
main result isa  (log log ) approximation for the Robust - Path problem in quasi-polynomial time,
solving the open question in the quasi-polynomial time regime. The algorithm is built on a novel linear
program formulation for a decision - tree- type structure, which enables us to overcome the Q(v/ ) integrality
gap for the natural flow LP. Furthermore, we show that for graphs with bounded treewidth, the

quasi-polynomial running time can be improved to a polynomial.
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Mixed Graph Covering with Target Constraints

IRE  PEAMFEHTLARHEATE

WEE: The target-constrained mixed graph covering (TMGC) problem considers a graph where edges
and vertices are each assigned a cost and a weight. The goal is to select a minimum-cost subset of vertices
and edges subject to the covering-target constraint that its covered weight meets or exceeds a given threshold.
From a theoretical perspective, this TMGC model extends the weighted partial vertex cover problem in two
significant ways: it incorporates covering weights for both edges and vertices, and it allows a direct selection
of edges alongside vertices to satisfy the covering target. Despite this increased complexity and generality
compared to (the partial version of) the classic vertex cover problem, we develop a 2-approximation
primal-dual algorithm for TMGC, whose ratio 2 matches the known lower bound for the simpler vertex cover

problem.

FEHRE C10 F3M01k
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ROS: A GNN-based Relax-Optimize-and-Sample Framework for
Max- -Cut Problems

R AT RS (RN

WERE: The Max-k-Cut problem is a fundamental combinatorial optimization challenge that generalizes
the classic NP-complete Max-Cut problem. We introduce the Relax-Optimize-and-Sample (ROS) framework
in this work. In particular, we begin by relaxing the discrete constraints to the continuous probability simplex
form. Next, we pre-train and fine-tune a graph neural network model to efficiently optimize the relaxed
problem. Subsequently, we propose a sampling-based construction algorithm to map the continuous solution
back to a high-quality Max-k-Cut solution. By integrating geometric landscape analysis with statistical theory,
we establish the consistency of function values between the continuous solution and its mapped counterpart.

Extensive experimental results on random regular graphs and the Gset benchmark demonstrate that the
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proposed ROS framework effectively scales to large instances with up to 20,000 nodes in just a few seconds,

outperforming state-of-the-art algorithms.
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LMask: Learn to Solve Constrained Routing Problems with Lazy
Masking

FRME T RF

HEME: Routing problems are canonical combinatorial optimization tasks with wide-ranging applications
in logistics and transportation. However, efficiently generating high-quality feasible solutions for routing
problems with complex constraints remains a challenging goal in practice. In this talk, we introduce LMask,
a novel unsupervised learning framework that utilizes a dynamic masking mechanism to solve constrained
routing problems effectively. The decoding method of LMask lazily refines feasibility masks to guide the
auto-regressive decoder with backtracking. By incorporating mask embedding into the transformer-based
model architecture, LMask enhances constraint awareness and generalization across routing problems. To
reduce computational costs during training, we limit the number of backtracking steps and penalize the
violations in the loss function. Extensive experiments show that LMask achieves state-of-the-art feasibility

rates and solution quality compared to existing neural methods.

BEHRE C11 REMRAL

5H 18 H15:00-16:30 =#k 11 5&il=

Efficient Deterministic Algorithms for Maximizing Symmetric

Submodular Functions

REAR  @NKF

& W E: Symmetric submodular maximization is an important class of combinatorial optimization
problems, including MAX-CUT on graphs and hyper-graphs. The state-of-the-art algorithm for the problem
over general constraints has an approximation ratio of 0.432 [Feldman, TALG17]. However, the algorithm
suffers from high query complexity and is inherently randomized since it applies the canonical continuous
greedy technique that involves a sampling process. To circumvent this, we present several efficient

deterministic algorithms for maximizing a symmetric submodular function under various constraints,
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including cardinality, matroid, and knapsack constraints. All of our algorithms require fewer queries than the

current best deterministic algorithms while achieving comparable or even superior approximation ratios.

Non-monotone DR-submodular Maximization with Down-closed

Convex Constraints

% G bl R

WEME: In this talk, we investigate the non-monotone DR-submodular maximization problem subject to a
down-closed convex solvable constraint. First, we construct a counterexample to demonstrate that (first-order)
stationary points can have arbitrarily bad approximation ratios, and they are usually on the boundary of the
feasible domain. Moreover, this example offers insights on how to design improved algorithms by avoiding
bad stationary points, such as the restricted continuous local search algorithm and the aided measured
continuous greedy. However, the analyses in the last two algorithms need to invoke the inequality that the
multilinear extension of any submodular set function is bounded from below by its Lovasz extension. Our
second contribution, therefore, is to remove this restriction and show that both algorithms can be extended to
the continuous domain while retaining the same approximation ratios, and hence offering improved

approximation ratios over those in for the same problem.
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5H 18 H 15:00-16:30 kit 1 )T

Bayesian Nash Equilibrium in Price Competition under Multinomial

Logit Demand
N ATIPTLRF
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Distributed Optimization with Imperfect Model Parameters
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Bi-Attribute Utility Preference Robust Optimization: A Continuous
Piecewise Linear Approximation Approach

RIE AT ERF

WEME: In this talk, we consider a bi-attribute decision making problem where the decision maker's

(DM's) objective is to maximize the expected utility of outcomes with two attributes but where the true utility
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function which captures the DM's risk preference is ambiguous. To tackle this ambiguity, we propose a
maximin bi-attribute utility preference robust optimization (BUPRO) model where the optimal decision is
based on the worst-case utility function in an ambiguity set of plausible utility functions constructed by a
linear system of inequalities represented by the Lebesgue—Stieltjes integrals. We propose a continuous
piecewise linear approximation approach to approximate the DM’s unknown true utility to solve the problem.
To quantify the approximation errors, we derive, under some mild conditions, the error bound for the
difference between the BUPRO model and the approximate BUPRO model in terms of the ambiguity set, the

optimal value and the optimal solutions.

BEHRT C13 HlS%EIMMAEESER

5H 18 H 15:00-16:30 —fkWist 2 /T

An Augemented Largangian Primal-Dual Semismooth Newtown for

Multi-Block Composite Optimization

SREHE LT RF

WwEME: In this paper, we develop a novel primal-dual semismooth Newton method for solving linearly
constrained multi-block convex composite optimization problems. First, a differentiable augmented
Lagrangian (AL) function is constructed by utilizing the Moreau envelopes of the nonsmooth functions. It
enables us to derive an equivalent saddle point problem and establish the strong AL duality under the Slater’s
condition. Consequently, a semismooth system of nonlinear equations is formulated to characterize the
optimality of the original problem instead of the inclusion-form KKT conditions. We then develop a
semismooth Newton method, called ALPDSN, which uses purely second-order steps and a nonmonotone line
search based globalization strategy. Through a connection to the inexact first-order steps when the
regularization parameter is sufficiently large, the global convergence of ALPDSN is established. Under the
regularity conditions, partial smoothness, the local error bound, and the strict complementarity, we show that
both the primal and the dual iteration sequences possess a superlinear convergence rate and provide concrete
examples where these regularity conditions are met. Numerical results on the image restoration with two
regularization terms and the corrected tensor nuclear norm problem are presented to demonstrate the high

efficiency and robustness of our ALPDSN.
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An Augmented Lagrangian Value Function Method for Lower-level

Constrained Stochastic Bilevel Optimization

BiEy L wkF

5 M E: Recently, lower-level constrained bilevel optimization has attracted increasing attention. However,
existing methods mostly focus on either deterministic cases or problems with linear constraints. The main
challenge of stochastic cases with general constraints is the bias and variance of the hyper-gradient, arising
from the inexact solution of lower-level problem.

In this paper, we propose a novel stochastic augmented Lagrangian value function method for solving
stochastic bilevel optimization problems with nonlinear lower-level constraints. Our approach reformulates
the original bilevel problem using an augmented Lagrangian-based value function and then applies a
penalized stochastic gradient method that carefully manages the noise from stochastic oracles. We establish
an equivalence between the stochastic single-level reformulation and the original constrained bilevel problem
and provide a non-asymptotic rate of convergence for the proposed method. The rate is further enhanced by
employing variance reduction techniques. Extensive experiments on synthetic problems and real-world

applications demonstrate the effectiveness of our approach.

ODE-Based Learning to Optimize
i N IO P N
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5 H 18 H 15:00 - 16:30 —#kfite 1 /7

A Fast BB Reduced Minimization Algorithm for Nonnegative Viscosity
Optimization in Optimal Damping

R LTI KRS

WERE: We consider the fast optimization algorithm for optimal viscosities in damping system. Different
from standard models that minimize the trace of the solution of parameterized Lyapunov equation, the
nonnegative constraints for viscosities are added in the optimization model, which hasn't been considered
before.

To solve the new model, a gradient-based algorithm is then proposed, aiming at reducing the residuals of the
corresponding KKT conditions. By combining with the Barzilai-Borwein stepsize, the proposed BB residual
minimization algorithm (short for BBRMA) can further speed up to deal with large scale linear vibration

systems. Extensive numerical results verify the high efficiency of the proposed algorithm.

A Single-Loop Proximal-Conditional-Gradient Penalty Method
oo i e 0 | R
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An Improved Proximal DCA with Extrapolation and Barzilai-Borwein
Step Size

AR RFREAMR KRG

W& E: In this talk, we propose an improved proximal difference of convex algorithm (DCA) with
extrapolation and Barzilai-Borwein step size for solving the difference of convex (DC) programming
problem. We reveal a relationship between the relaxation of proximal parameters and extrapolation
parameters. Moreover, we discuss parameter selections and propose a practical algorithm with a
nonmonotone line search. This search method is an efficient acceleration technique and more flexible than
monotone line search. Additionally, we design a new potential function for convergence analysis, enhancing
the practicality of our proposed algorithms. The convergence and convergence rate of the iterative sequence
can be obtained under the assumption of the Kurdyka - Lojasiewicz property. Numerical experiments

demonstrate the effectiveness and practicability of the proposed algorithms.

TR E C15 B 5FRpAEFEANEIL. HiEE5NMNH
5 H 18 H 15:00 - 16:30 —FEMitE 2 [T

Non-Autonomous Evolution Inclusions with State-Dependent Sweeping

Processes: A Study on Well-Posedness and Approximate Controllability

WAk EmRE

WEME: This paper explores the approximate controllability of a specific class of systems that combine
non-autonomous evolution inclusions with state-dependent sweeping processes, within the context of Hilbert
spaces. The analysis begins by establishing the well-posedness of the coupled system, which is derived
through the application of the multivalued version of Schauder's fixed-point theorem, alongside various
techniques from non-convex analysis. The resolvent operator method is then employed to demonstrate the
approximate controllability of the coupled system. Finally, a real-world example is provided, showcasing a
thermally coupled frictionless contact problem that incorporates an external heat source, thus emphasizing

the practical implications of the theoretical findings.
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Unique Existence of Solution and Hyers-Ulam Stability for a New
Fractional Differential Quasi-Variational Inequality with Mittag-Leffler

Kernel and its Applications

AIEE KM REFIR

HEFHE: This talk considers a new fractional differential quasi-variational inequality with Mittag-Leffler
kernel comprising a fractional differential equation with Mittag-Leffler kernel and a quasi-variational
inequality in Hilbert spaces. Some properties of the solution for the parameterized quasi-variational
inequality are investigated, which improve the known results. Moreover, the unique existence of the solution
and Hyers-Ulam stability are obtained for such a novel system under mild conditions. Finally, the obtained
abstract results are applied to analyze the unique solvability and stability for a multi-agent optimization

problem and a price control problem.

A New Nonlocal Impulsive Fractional Differential Hemivariational

Inclusions with an Application to a Frictional Contact Problem

& B\ELHKF

WEME: In this talk, we shall present a novel impulsive fractional differential hemivariational inclusions
(IFDHI) with a nonlocal condition, comprising an impulsive fractional differential inclusion (IFDI) with a
nonlocal condition and a hemivariational inequality (HVI), within separable reflexive Banach spaces.
Additionally, we employ our principal findings to establish the solvability of a new frictional contact problem
(FCP) concerning an elastic body interacting with a foundation within a finite time interval, considering the

temperature effect.

89



HEHRE D1 FEHLLA

5 H 18 H 16:45-18:15 —#EM 1T

Dynamic Stochastic Approximation Jacobi-Type ADMM Method for

Two-stage Stochastic Generalized Nash Equilibrium Problems

Rl R R
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Robust Solutions to a System of Stochastic Vertical Linear

Complementarity Problems

ok HAEIRF

WmEME: We propose a stochastic minimization model to find a robust solution of a system of stochastic
vertical linear complementarity problems. This model is to minimize a risk function under stochastic vertical
linear complementarity constraints. We reformulate the model with a finite support set as a linearly
constrained piecewise smooth minimization problem by a penalty method. We prove the existence of exact
penalty parameters regarding global and local minimizers. We define a smoothing function of the piecewise
smooth objective function and show the smoothing function satisfies the Kurdyka-Lojasiewicz (KL) property.

Moreover, we propose a smoothing block coordinate descent algorithm, and prove that the sequence
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generated by the algorithm globally converges to an e-Clarke stationary point of the penalty problem by the
KL property for any e>0. Finally, we apply our model and algorithm to portfolio selection problems with real

data. Numerical results demonstrate the robustness of our model.

A Bayesian Approach to Data-Driven Distributionally Robust Variational

Inequality Problem: Formulations, Asymptotics and Quantification

o XF AHREIRF

WEME: This paper proposes a Bayesian distributionally robust variational inequality (DRVI) framework,
integrating Bayesian inference with DRVI. Our model features three key contributions: (1) approximating
distributional ambiguity via a parametric family with Bayesian posterior guarantees; (2) constructing
data-adaptive ambiguity sets that dynamically quantify uncertainty with prior belief and observations; and (3)
introducing a regularization term for numerical stability.

We prove the existence of solutions and demonstrate asymptotic convergence to the true solution as
regularization diminishes and sample size increases. Additionally, we establish finite-sample guarantees and
conduct stability analyses to illustrate robustness against limited samples and data contamination. Numerical
experiments on a generalized Nash equilibrium problem validate our theoretical results and show superior

performance over existing models.

HBHRE 1 ELENML

5H 18 H 16:45-18:15 =k 1 5&il=

Inertial Primal-Dual Dynamics with Hessian-Driven Damping and
Tikhonov Regularization for Convex-Concave Bilinear Saddle Point

Problems
%  ERIHKXF

G E: This paper deals with a second-order primal-dual dynamical system with Hessian-driven damping

and Tikhonov regularization terms in connection with a convex-concave bilinear saddle point problem. We
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first obtain a fast convergence rate of the primal-dual gap along the trajectory generated by the dynamical
system, and provide some integral estimates. Then, based on the setting of the parameters involved, we
demonstrate that both the convergence rate of the primal-dual gap and the strong convergence of the
trajectory can be achieved simultaneously. Furthermore, we evaluate the performance of the proposed system

by numerical examples.

An Efficient Outcome-Space Branch-and-Bound Algorithm for Solving

a Class of Large-Scale Linear Multiplicative Programs
#E AFTREXRD

W& E . In this paper, we present an efficient algorithm for solving a class of large-scale linear
multiplicative programs (LMPs). The problem LMP is first converted into an equivalent problem (ENP) and
then a A-piecewise linear relaxation technique is proposed. This technique establishes a linear relaxation
problem, providing a valid lower bound for the global optimal value of the ENP. This leads to the proposal of
a novel outcome space-based branch-and-bound algorithm for a class of LMPs. Meanwhile, a new region
reduction technique is implemented in the outcome space to eliminate as many infeasible regions as possible.
In addition, the paper provides a convergence analysis, a complexity assessment of the algorithm, and
estimates the number of worst-case iterations required to attain an- € -optimal solution. Finally, the new
algorithm is compared to state-of-the-art alternatives, demonstrating its advantages in solving large-scale

LMPs.

Output-Space Branch-and-Bound Reduction Algorithm for Solving

Generalized Linear Multiplicative Programming Programs

LER TEKE

WEME: We consider a class of generalized linear multiplicative problems (GLMP). In this paper, we first
transform it into an equivalent problem (EP) by introducing p new variables and applying logarithmic
transformation. Secondly, in order to calculate the lower bound, we derived the linear relaxation problem
(LRP) of EP by constructing a novel relaxation strategy. Additionally, a rectangular region reduction
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technique is proposed to accelerate the convergence speed of the algorithm. Based on the output-space search,
we propose a new branch-and-bound algorithm for tackling the GLMP or EP. The global convergence of the
algorithm is proved, and its computational complexity is analyzed to estimate the maximum number of
iterations. Especially on the basis of LRP, we also propose another new convex relaxation based
branch-and-bound algorithm for GLMP. Some experimental examples demonstrate the feasibility and

effectiveness of these two algorithms.

A Relaxation Method for Binary Orthogonal Optimization Problems
with its Applications

Bl Bk

W& E: This study focuses on a class of binary orthogonal optimization problems frequently arising in
semantic hashing. We introduce an equivalent model involving a restricted Stiefel manifold and a matrix box
set, and then investigate its penalty problems induced by the 4-distance from the box set and its Moreau
envelope. The penalty problem induced by the Moreau envelope is a smooth optimization over an embedded
submanifold with a favorable structure. We develop a retraction-based line-search Riemannian gradient
method to address the penalty problem. Finally, the proposed method is applied to supervised and
unsupervised hashing tasks and is compared with several popular methods on real-world datasets. The
numerical comparisons reveal that our algorithm is significantly superior to other solvers in terms of
feasibility violation, and it is comparable even superior to others in terms of evaluation metrics related to the

Hamming distance.

An Efficient Unsupervised Framework for Convex Quadratic Programs

via Deep Unrolling
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Convergence Rate of Inexact Augmented Lagrangian Method with

Practical Relative Error Criterion for Composite Convex Programming
BETR ATMREMRKRF

HERE: In this paper, we consider the composite convex optimization problem with a linear equality

constraint. We propose a practical inexact augmented Lagrangian (IAL) framework that employs two relative
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error criteria. Under the first criterion, we demonstrate convergence and establish sublinear ergodic
convergence rates. By incorporating the second criterion, we achieve sublinear non-ergodic convergence
rates. Furthermore, we determine the total iteration complexity of the IAL framework by slightly relaxing
these criteria. Numerical experiments on both synthetic and real-world problems are conducted to illustrate

the efficiency of the proposed IAL method.

Graphical Derivative Characterizations of Relative Stability with

Applications to Affine Variational Inequalities

w34 EKE

WMEME: We investigate relative stability analysis, a useful and necessary extension of traditional stability
analysis. We obtain characterizations of relative stability and relative strong stability and apply them to

solution mappings of generalized equations and affine variational inequalities.

Risk-Averse Optimal Control Model Under Uncertainty and Its Modified
Progressive Hedging Algorithm

i EABIREFRKRF

WEME: It is of practical importance to incorporate a risk-averse objective in an optimal control problem
under uncertainty. By leveraging the dual relationship between risk and regret measures, the risk-averse
optimal control problem can be equivalently transformed into an optimal control problem with
nonanticipativity constraints and expectation objective function. A modified progressive hedging algorithm is
then proposed to solve the transformed problem, in which the descent conditions are enforced to ensure
global convergence of the algorithm. Numerical results of three different types of problems are presented to

show the applicability and effectiveness of the modified progressive hedging algorithm.
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5H 18 H 16:45-18:15 =53 5oilE
Smoothed Hybrid Ip-12 Model for Sparse Optimization

5Fm LHEIBHAKRF

WEHE: We introduce a novel regularization term combining a smoothed sub-one Ip quasi-norm and 12
norm, eliminating the non-differentiability issue of the sub-one lp quasi-norm. This term facilitates the
transformation of the model into two convex sub-models, enabling approximation of the global optimal
solution. The coefficients of the hybrid term are data-driven. Applied to sparse optimization, the problem is
divided into two sub-problems. We develop the P2ISTA algorithm to address the smoothed hybrid lp-12
regularization model and analyze its convergence. Comparative studies with existing methods (Soft, Half,
PQA, PLAFPAp) on image deblurring tasks show that P2ISTA excels in sparse solution accuracy and

computational efficiency.

Solving Quadratic Programs via Deep Unrolled Douglas-Rachford
Splitting

AR AR TLKRTE (R

WMEME: Convex quadratic programs (QPs) are fundamental to numerous applications, including finance,
engineering, and energy systems. Among the various methods for solving them, the Douglas-Rachford (DR)
splitting algorithm is notable for its robust convergence properties. Concurrently, the emerging field of
Learning-to-Optimize offers promising avenues for enhancing algorithmic performance, with algorithm
unrolling receiving considerable attention due to its computational efficiency and interpretability. In this
work, we propose an approach that unrolls a modified DR splitting algorithm to efficiently learn solutions for
convex QPs. Specifically, we introduce a tailored DR splitting algorithm that replaces the computationally
expensive linear system-solving step with a simplified gradient-based update, while retaining convergence
guarantees. Consequently, we unroll the resulting DR splitting method and present a well-crafted neural

network architecture to predict QP solutions.
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Convergence Rate Analysis of a Dykstra-Type Projection Algorithm

ERE  FRITRERF
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A Step Function based Recursion Method for 0/1 Deep Neural Networks
RIE  WEIFEKRF
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Adaptive Lq Regularized Estimation for High-dimensional Sparse

Covariance Matrix
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Sharp-Peak Functions for Exactly Penalizing Binary Integer

Programming

Fip WRBRF

WMEME: Unconstrained binary integer programming (UBIP) is a challenging optimization problem due to
the presence of binary variables. To address the challenge, we introduce a new class of functions, sharp-peak
functions (SPFs), which equivalently reformulate the binary constraints as equality constraints, giving rise to
SPF-constrained optimization. Instead of solving this optimization, we aim to tackle its penalty model. The

established exact penalty theory shows that the global minimizers of UBIP and the penalty model coincide
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when the penalty parameter exceeds a threshold, a constant independent of the solution sets of UBIP.
Moreover, we introduce the Karush-Kuhn-Tucker points and P-stationary points of the penalty model and
explore their relationships with local and global minimizers. Most importantly, the P-stationary points enable
us to develop an algorithm called ShaPeak to solve the penalty problem, where the penalty and stationary
parameters are updated adaptively to enhance numerical performance. Furthermore, ShaPeak is proven to
converge to a P-stationary point within a finite number of steps under a single mild assumption, namely, the
strong smoothness on a unit box of the objective function. Finally, numerical experiments demonstrate the

advantages of using SPF's and the high performance of ShaPeak in comparison to established solvers.

Near-Optimal Algorithms for Convex Simple Bilevel Optimization

under Weak Assumptions

/A=A N

WEME: This paper considers the simple bilevel optimization problem, which involves minimizing a
composite convex function over the optimal solution set of another composite convex minimization problem.
By reformulating this bilevel problem as finding the left-most root of a nonlinear equation and introducing a
novel dual approach for the subproblems, we efficiently obtain an ( , )-optimal solution. The proposed
methods achieve near-optimal complexity of \  ( /4/) for both the upper- and lower-level objectives
under mild assumptions, aligning with the optimal complexity bounds of first-order methods in unconstrained

smooth or composite convex optimization when ignoring logarithmic terms.

A Projected Semismooth Newton Method for Prox-regular Sparse

Optimization Problems

XHA  RIKRF

HEME: We are concerned with a class of nonconvex nonsmooth composite optimization problems,
comprising a twice differentiable function and a prox-regular function that induces sparsity. We establish a
sufficient condition for the proximal mapping of a prox-regular function to be single-valued and locally
Lipschitz continuous. By virtue of this property, we propose a hybrid method of proximal gradient and
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projected semismooth Newton methods for solving these composite problems, which is a globalize
semismooth Newton method. The whole sequence is shown to converge to an  -stationary point under a
Kurdyka-{ }ojasiewicz exponent assumption. Under an additional error bound condition and some other
mild conditions, we prove that the sequence converges to a nonisolated -stationary point at a superlinear

convergence rate.

21— AR FRRR K A A
AR RRIFEFR
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The Newton Framework for Potentially Infeasible Nonlinear

Optimization and its Application in a Multi-Start SQP Algorithm
Lk FNMHFEKRF

WwEME: This study investigates the local convergence properties of sequential quadratic programming
(SQP) method for potentially infeasible nonlinear optimization problems using generalized equations. We
propose a class of SQP methods based on the Josephy-Newton framework and extend the concept of
semistability to infeasible scenarios. A class of D-stationary points (Liu and Dai, 2023) is defined under the
infinity norm and quadratic/superlinear convergence of the method at potentially infeasible stationary points
under semistability is established. Additionally, we design a multi-start algorithm within a filter framework,

enhance its capability to avoid undesirable stationary points. Numerical experiments demonstrate the
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effectiveness of the proposed methods in bypassing infeasible stationary points and detecting global

minimizers.

An Inexact -order Regularized Proximal Newton Method for

Nonconvex Composite Optimization

MEER FHEIRT

WEME: We concern the composite problem of minimizing the sum of a twice continuously differentiable
function and a nonsmooth convex function. For this class of problems, we propose an inexact -order
regularized proximal Newton method for [2,3], which becomes an inexact cubic regularization (CR)

method for = 3. We prove that the whole iterate sequence converges to a stationary point for the KL

objective function. In particular, under a local Holderian error bound of order (%1, 1] on a second-order

stationary point set, we show that the iterate and objective value sequences converge to a second-order
stationary point and a second-order stationary value, respectively, with a local  -superlinear rate of order
( —1), specified as the -quadratic rate for =3 and = 1. This is the first practical inexact CR

method with quadratic convergence rate for nonconvex composite optimization.

Full Splitting Algorithm for Structured Fractional Programs

OE S A N =

W& ME: In this paper, we consider a class of nonconvex and nonsmooth fractional programming problems,
with nonsmooth function composed with linear operators. We propose an adaptive full-splitting proximal
subgradient algorithm that addresses the challenge of decoupling the composition of the nonsmooth
component with the linear operator in the numerator. We specifically evaluate the nonsmooth function in the
numerator using its proximal operator of its conjugate function. We demonstrate subsequential convergence
toward an approximate lifted stationary point and ensure global convergence under the Kurdyka- ojasiewicz
property, all achieved without full-row rank assumptions on the linear operators. We provide further
discussions on the tightness of the convergence results of the proposed algorithm and its related variants,

and the reasoning behind aiming for an approximate lifted stationary point.
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Optimization with Polynomials in Diverse Forms
IA FTEHFREFLERAAHFHRLKR

WEMWE: Optimization with polynomials is ubiquitous in both pure and applied mathematics. In this talk, I
will give an overview on optimization problems with polynomials in diverse forms: commutative polynomial
optimization, sum-of-rational-functions optimization, complex polynomial optimization, matrix polynomial
optimization, noncommutative polynomial optimization. Particularly, I will show how to tackcle those
difficult problems with powerful mathematical tools from measure theory, real algebraic geomatry, operator

algebra, and functional analysis.

Lipschitz Continuity of Solution Multifunctions of Extended 4

Regularization Problems

2 AHAHEEIKRF

HEME: In this paper we obtain a verifiable sufficient condition for a polyhedral multifunction to be
Lipschitz continuous on its domain. We apply this sufficient condition to establish the Lipschitz continuity of
the solution multifunction for an extended ; regularization problem with respect to the regularization
parameter and the observation parameter without any assumption. In addition to establishing the global
continuity of the solution multifunction, we partition its domain and derive explicit expressions for the

multifunction within each subdivided region.

FHEBHRE 6 EEM
5H 18 H 16:45-18:15 =ik 6 5=
Extended Vertical Tensor Complementarity Problems with Finite
Solution Sets
F=EH T RXF

WEME: The main propose of the present paper is to investigate the finiteness property of the solution set
for the extended vertical tensor complementarity problem (EVTCP). To this end, two classes of structured
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tensor tuples, that is, vertical non-degenerate (VND) tensor tuples and strong vertical non-degenerate (SVND)
tensor tuples, are introduced. Furthermore, the relationship and some properties about them are discussed.

Based on the structured tensor tuples, the finiteness property of the solution set of EVTCP is investigated.

The results obtained in this paper are extensions of those proposed by Palpandi and Sharma (J Optim Theory

Appl190:951-965, 2021) from the tensor complementarity problem (TCP) to EVTCP.

Solution Stability and Well-Posedness for Classes of Parametric Set

Optimization Problems
R ETRIGERF

WMEWE: A T SEICENARE (PSOP) HIfFFaEMENIG €, Hrh NEFF KRN EEFK
RENEBOHEFE A NG T (PSOP) R R AMELENE . AT AT A TF IO IR 7800 2%
o R HHEESEER M, FATHES H T#fR (PSOP) ) Levitin - Polyak & & 14 DA X AH I8
FRAEDLALIR R (ISOP) 1) Hadamard & PER 78 70 5. SCHRikes 1 BB <1 DA ] 3 245 2R

Structured Tensor Tuples to Polynomial Complementarity Problems

BARAR SN K

WEWE: It is well known that structured tensors play an important role in the investigation of tensor
complementarity problems. The polynomial complementarity problem is a natural generalization of the
tensor complementarity problem. Similar to the investigation of tensor complementarity problems, it is
believed that structured tensor tuples will play an important role in the investigation of polynomial
complementarity problems. In this talk, several classes of structured tensor tuples, i.e., (strictly) semi-positive
tensor tuple, (strictly) copositive tensor tuple and Q tensor tuple are introduced and the relationships between
them are discussed. By using the structured tensor(s) (tuples), the uniqueness of the solution and the global
upper bound of the solution set of the polynomial complementarity problem are investigated. The results

presented in the present talk generalize the corresponding those in the recent literature.
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Tikhonov Regularization of Second-Order Plus First-Order Primal-Dual

Dynamical Systems for Separable Convex Optimization

4R ERILA KRS

WEME: This paper deals with a Tikhonov regularized second-order plus first-order primal-dual dynamical
system with time scaling for separable convex optimization problems with linear equality constraints. We

obtain the convergence rate rasults and the strong convergence of the trajectory.

FHBEHERE 7 ESLL
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Primal Dual Splitting Algorithms with Convex Combination and Larger
Step Sizes

FONHL O ZMEI K

HEME: This talk introduces a new PDA for CMIPs, featuring the inclusion of both an extrapolation step
and a convex combination step. Moreover, we shown by a constructed counterexample that, our condition on

the involved parameters is sharp.
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Fast Inertial Extragradient Algorithms for Solving Non-Lipschitzian
Equilibrium Problems without Monotonicity Condition in Real Hilbert

Spaces

R2A W] Ak K

HwEME : Combining inertial-type methods with projection extragradient methods, we propose three inertial
extragradient algorithms for solving nonmonotone and non-Lipschitzian equilibrium problems in Hilbert
spaces. Under the assumption that the solution set of the associated Minty equilibrium problem is nonempty,
we establish the weak and strong convergence of the proposed algorithms, respectively. The convergence is
guaranteed without any monotonicity and Lipschitz-type continuity of the equilibrium bifunction. Some
numerical experiments illustrate that the presented algorithms do better in CPU time and the number of
iterations than the algorithms in [L.M. Deng, R. Hu, Y.P. Fang, Projection extragradient algorithms for
solving nonmonotone and non-Lipschitzian equilibrium problems in Hilbert spaces. Numer. Algor. 86 (2021)
191-221] and [B.V. Dinh, D.S. Kim, Projection algorithms for solving nonmonotone equilibrium problems in

Hilbert space. J. Comput. Appl. Math. 302 (2016) 106-117].

On Convergence of Iterative Thresholding Algorithms to Approximate

Sparse Solution for Composite Nonconvex Optimization

AWTHR AT LRE

WERE: AR AL 1A R 2 B T G S 2 DR e SE B B R T AE AR 2, SR T B
A3 SCHR IR S i o P SIS R R A, SR WS SR G I B 45 R . BA 10 I 25 B B3
ARANEWTHEARIR L 7 AT FIEBME R 85 51— 286 BRYC BME ST 45 & IR S5 BRI 2%
P, UERA T B ) A SRS AL S SRR i - AT EIR S5 RN T4 SCAD. MCP A1 Lp f&
T AR IR A R A, IR R R B e, RN 1 sk B S S AR o 1 A e R — SR
FUSCRR MR . BUE SRR SARE S TR B I B SR g, S 0T 8 A b
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Nonconvex Portfolio Optimization with Transaction Costs under

Sparsity and Ambiguity via Accelerated ADMM
REL  BREFTHEKF

& % E . We propose a cardinality-constrained portfolio optimization model under self-defined
moment-based ambiguity. Compared to chance-constrained and distributionally robust models, our model
offers novel insights and superior risk oracles. We develop an accelerated ADMM method with global and
local convergence rates for solving this nonconvex problem efficiently. Empirical results on real data from

German and Chinese stock markets demonstrate the superior out-of-sample performance of our method.
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Accelerated Quadratic Penalty Dynamic Approaches with Applications
to Distributed Optimization

MTHE HiEeRF

WEME: In this paper, we explore accelerated continuous-time dynamic approaches with a vanishing
damping / , driven by a quadratic penalty function designed for linearly constrained convex optimization

problems. We apply the proposed dynamic approach to three distributed optimization problems.
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A Class of Stochastic Differential Hemi-Variational Inequalities and its

Application in Oil and Gas Development
KHE BRHLHKF
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Improving Sketching Algorithms for Low-Rank Matrix Approximation

with Sketch-Power Iterations
AR /AT

WMEME: Power iterations improve randomized SVD accuracy, especially for flat singular spectra, but are
impractical for single-pass data like streaming or memory-limited cases. We propose a sketch-power scheme
enabling power-like iterations in one pass. Stability is enhanced via lightweight re-orthonormalization on
smaller matrices. Integrated into Tropp et al.'s one-pass algorithm, it reduces storage with error bounds based
on sketch sizes, iterations, and tail energy. These bounds align with optimal sizes, aiding parameter
preselection. Tests on synthetic and real datasets show one or two iterations significantly boost accuracy

under fixed storage.
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Distributionally Robust Mean-CVaR Portfolio Optimization with

Cardinality Constraint
IR ARXFXRF

HEME: In this talk, we consider the situation where the true distribution of underlying uncertainty is
unknown for a mean-CVaR model with cardinality constraint. We develop a distributional robust mean-CVaR
model with cardinality constraint (DRMCC) and construct the ambiguity set by moment information. We
propose a discretization approximation to the moment-based ambiguity set and present the stability analysis
of the optimal values and optimal solutions of the resulting discrete optimization problems as the sample size
increases. We reformulate the DRMCC model as a bilevel optimization problem. Moreover, we propose a
modified bilevel cutting-plane algorithm to solve the DRMCC model. Finally, some preliminary numerical
test results are reported. We give the in-sample performance and out-of-sample performance of the DRMCC

model.

Robust Personalized Federated Learning for High-dimensional Linear
Regression
IE W REXRF

HwEME: Multi-source data analysis is a hot topic in modern statistics research. Its purpose is to obtain

accurate estimates by mining multiple sets of data. This field covers a range of approaches such as federated
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learning, transfer learning, and fusion learning. This paper proposes a robust personalized federated learning
method to address the regularized quantile regression models with data heterogeneity. We propose a
alternating direction method of multipliers based personalized federated learning algorithm to minimize the
global optimization model. Theoretically, the basic convergence of the algorithm and the statistical properties
of the estimators are established. Simulations and real data analysis confirm the effectiveness of the proposed

method.

Wasserstein Distributionally Robust Equilibrium Optimization under

Random Fuzzy Environment for the Electric Vehicle Routing Problem

B LWAMZKRF

WwEME: This paper innovatively combines the empirical distribution characteristics of random fuzzy
variables to propose a new Wasserstein distributionally robust equilibrium optimization method and
effectively applies to an electric vehicle routing problem with contactless delivery. The proposed method
characterizes customer demand and travel time in EVRPCD as random fuzzy variables with ambiguous
probability distributions. Moreover, this studied EVRPCD integrates the location decision of the contactless
delivery station and the routing decision of the electric vehicle, thus forming a bi-level optimization. As the
proposed method faces significant computational challenges, this paper theoretically deduces its computable

reformulation via utilizing the dual theory and the credibility measure method.

A Neural Network Based on Back-Propagation and Cooperative

Co-Evolution

KEH L FREKRF

WEME: Deep neural networks (DNNs) excel at feature extraction, making them widely applicable. While
back-propagation (BP) is the dominant training method, it suffers from initialization sensitivity and local
optima convergence. To address this issue, a hybrid framework combining BP with cooperative co-evolution
(CC) has been proposed, called BPCC. BP operates intermittently, while CC activates only when loss
differences fall below a threshold (called a condition met). To improve efficiency, a tolerance parameter is

designed, i.e., CC is executed when the cumulative number of times the condition is satisfied reaches the
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given value of the tolerance parameter. The improved gray wolf optimizer (GWO) drives CC, with
population diversity enhanced via Chebyshev chaotic map initialization around the current optimum,
Experimental comparisons are made with modern network training methods in 7 network models, and the

experimental results show that the improved algorithm in this study is competitive.
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Packing Small Stars into Bounded Degree Graphs

HIF AR IRE

WMEMWME: We study the maximum { ;, 3}(resp. { 2, 3})-packing problem in general bounded degree

graphs. First, we design an  ( ( )?)-time algorithm to generate an { ;, 3}-packing of  covering at least

10) ,ZT()} vertices for any graph ~ with maximum degree = 3 and show that this bound is tight.

min { e

Second, we prove that the same algorithm produces an { 1, 3}-packing of any cubic graph covering at

least 4T() vertices. Third, for any (2,3)-regular graph with () =4, we propose a more elaborate

( ( )*-time algorithm to find an { ;, 3}-packing of  covering at least 4T() vertices and prove that this
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lower bound is tight. Finally, we came up with an  ( ( )®)-time algorithm to produce an { ,, 3}-packing
of any graph ~ with maximum degree = = 3 covering at least 2—(+1) vertices and show the tightness of this

bound.
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An Exact Dynamic Programming Algorithm for Multi-Objective

Flexible Process Planning
FIF+  ATMEMKKS

WEME.: Flexible process planning (FPP) is a key component of modern manufacturing. However, exact
algorithms for FPP remain underexplored. This study proposes a compact mixed-integer linear programming
(MILP) model and an optimal dynamic programming (DP) algorithm for multi-objective FPP based on
AND/OR networks. The proposed model introduces candidate states, avoiding explicit modeling of
manufacturing resource changeovers and eliminating separate models for production time and cost
optimization. The DP algorithm uses labels to encode partial solution information, identifies feasible
subsequent operations for each label, and integrates a dominance rule to discard non-useful labels, enhancing
efficiency while maintaining optimality. Experimental results demonstrate the robust performance of the DP
algorithm. In single-objective tests, it identifies 23 best-known optimal solutions and achieves a threeorder
magnitude reduction in computation time compared to the latest MILP models. In multiobjective tests, it
determines all Pareto optimal plans within one minute on average, underscoring its practical value in

revealing trade-offs between conflicting objectives for informed decisionmaking.
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FEECN T 1] R ) B Jey R4 R HE
SREN F EFF R EARARAT RPT

HE W E . Mixed integer programming (MIP) is a fundamental model in operations research. Local search is
a powerful method for solving hard problems, but the development of local search solvers for MIP still needs
to be explored. We develop an efficient local search solver for solving MIP, called Local-MIP. We propose
two new operators for MIP to adaptively modify variables for optimizing the objective function and
satisfying constraints, respectively. Furthermore, we design a new weighting scheme to dynamically balance
the priority between the objective function and each constraint, and propose a two-level scoring function
structure to hierarchically guide the search for high-quality feasible solutions. Experiments are conducted on
seven public benchmarks demonstrate that Local-MIP significantly outperforms CPLEX, HiGHS, SCIP and
Feasibility Jump, and is competitive with the most powerful commercial solver Gurobi. Moreover,

Local-MIP establishes 4 new records for MIPLIB open instances.
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WERE: A0 oo s kK A EE—B R (Dream Optimization Algorithm,
DOA) , RIEFRJIET ANRBEHMICIZAE . BsS AAHSE. DOA Wit T = HUOCHEREK . Sl
Wiz BE S (HT-FEIRR 5T R RASILZNLS] OE Bk R tae /1) o it
R PR REES T E T, B0AE T DOA XA [H & 4% 5% i K& B AE /1. 7 CEC2017,
CEC2019 fil CEC2022 =4 FUEMR ¥ DOA 5 27 ML EAT R, 455 B8 DOA 752 Witk fgiE
br BRI . BLAh, DOA IEAE )AL AALAL 0] 85 A 6 AR F S 70 2 B A1 A v BRAS B AR 46 R
JEIL T HSEBR N FHAMA -

Support Matrix Machine: Exploring Sample Sparsity, Low Rank, and

Adaptive Sieving in High-Performance Computing
e I 3 PN

WwEME: Support matrix machine (SMM) is a successful supervised classification model for matrix-type
samples. When solving a large-scale SMM, a major challenge arises from the potential increase in sample
size, leading to substantial computational and storage burdens. To address these issues, we design a
semismooth Newton-CG (SNCGQ) based augmented Lagrangian method (ALM) for solving the SMM. The
sparsity of samples and the low-rank nature of solutions enable us to reduce the computational cost and
storage demands for the Newton linear systems. Additionally, we develop an adaptive sieving strategy that
generates a solution path for the SMM by exploiting sample sparsity. The finite convergence of this strategy
is also demonstrated. Numerical experiments on both large-scale real and synthetic datasets validate the

effectiveness of the proposed methods.

172-norm Enhanced Adversarial Training for Multiple Perturbations

wFF L AAEKT

WMEME: Adversarial Training (AT) plays an important role in defending against adversarial attacks. It can

be formalized as a min-max optimization problem. At present, the existing adversarial training approaches
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often use ,, , and norms to constrain the perturbations. However, we find that deep learning
models are highly sensitive to perturbations. In order to improve the defence of the model against
perturbations, this paper introduces , (0 <p < 1) norm into adversarial training, and proposes |

norm-based multi steepest descent algorithm. Through experiments we find that ,-MSD algorithm works

best when p is equal to 1/2. Furthermore, experimental results show that the robustness of the model is

improved by 10.34% compared to traditional multi steepest descent algorithm. Finally, we carry out a

perturbation selection experiment to explore the contribution of the 1/, norm during the training.
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Inertial Riemannian ADMM for Non-convex Pose Graph Optimization

in SLAM

BE LFRERRKE

&G E . Pose graph optimization is a well-known technique for solving the pose-based simultaneous
localization and mapping (SLAM) problem. In this paper, we propose a new model based on the von
Mises-Fisher distribution. The constraints derived from the unit quaternions are spherical manifolds. Then an
inertial Riemannian alternating direction method of multipliers is developed to solve the proposed model,
which combines the inertial step with over-relaxation technique for updating the primal and dual variables.
Instead of using linearization techniques, the subproblem on spherical manifolds is equivalent to an
eigenvalue problem and has a closed solution. Our algorithm not only has low memory requirements, but also
can update the poses in parallel. Furthermore, we establish the convergence analysis of our algorithm for
finding the stationary point of our model. The efficiency of our proposed algorithm is demonstrated by

numerical experiments on several benchmark datasets.
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A Riemannian Smoothing Nonmonotone Conjugate Gradient Method for

t-product based ;-norm Tensor Principal Component Analysis

M JHKF

WEME: T-product based tensor principal component analysis (L2-tPCA) reduces dimensionality while
preserving essential features but is sensitive to outliers. To address this, L1-norm tPCA (L1-tPCA) was
recently introduced, showing robustness against heavily corrupted data. From an optimization perspective,
L1-tPCA maximizes a nonsmooth function over the tensor Stiefel manifold. This study proposes tRSCG, a
Riemannian smoothing conjugate gradient method that adaptively updates the smoothing parameter. We
prove any accumulation point of tRSCG in a certain index set is a stationary point of the smoothing function,
necessary for local optimality in L1-tPCA. Under reasonable assumptions, we establish the Riemannian
gradient consistency property, showing these points are Riemannian limiting stationary—stronger than
existing methods that only ensure Riemannian Clarke stationary points. Finally, experiments confirm

tRSCG's efficiency and effectiveness.

Lightweight Deep Unfolding RPCA with Enhanced Robustness for
Infrared Small Target Detection

BRA2E  LbEHEXF

W& E: Deep unfolding networks have demonstrated promising performance in infrared small target
detection due to their high interpretability and excellent feature extraction capabilities. However, existing
methods still face critical challenges in computational efficiency and noise sensitivity. To address these
limitations, this paper proposes a lightweight deep unfolding network based on robust principal component
analysis, denoted as RPCANet+. Specifically, we introduce an intermediate bottleneck layer to improve the
efficiency of feature extraction and embed a denoising module to enhance the robustness to noise. In addition,
we leverage squeeze-and-excitation networks as a channel attention mechanism to focus on the importance
differences of features between channels, thereby achieving good detection performance with lightweight and

robustness. Extensive experiments validate the effectiveness and its superiority over state-of-the-art methods.
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On Quaternion Higher-Order Singular Value Decomposition: Models

and Analysis
Tk AT

WMEME: =& RESHE (HOSVD) k&8 a4 TR Hilr, T VU oo BE 7 3k,
HOSVD 7R AEHET B0 e . 7—J710, HTEWRRE, o DIIATIETIE M HOSVD A
REELFEAE) BIPU ol AEIX WU TAES, FATRE 17 —F0GEa MY o HOSVD (TS-QHOSVD) , A LAE
PIAS AL ER B R AT A, LS. 45K, HOSVD [ - HEASREH T TS-QHOSVD, i IEAS
PEAGEH T8 — M G M. 2R, 99 YRR A FUIRAL . RGN 48 1 &
TS-QHOSVD, I | HEMAEREM RN RZ AR, 5EEEERMENAR, EREMKET A
RV AR, IF AT REAE AT B N AR R ARRR Y . S e, FRATER AL T BUE G TR U TS-QHOSVD
¥ 5 PR 5 AN BT TS-QHOSVD ¥ 24k

A Difference of Convex Functions Regularization Approach for 3D

Tensor Visual Data Completion

RAE AR THEKS

WwEME: In this paper, we propose a new model with a novel nonconvex tensor rank surrogate function
measure under limited sample constraint and bound constraint, where the nonconvex terms have a difference
of convex functions structure and can better explore the global low-rank characteristics. A proximal
difference of convex functions algorithm is also developed to solve the non-convex model, whose explicit
solution can be obtained. Using variation analysis tools, we prove that the sequence generated by the
proposed algorithm converges to a stationary point under very mild conditions.Comprehensive experimental

results demonstrate that the new method is effective.
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Existence and Uniqueness of Solutions of Generalized Mixed

Polynomial Variational Inequalities
XNEH T ERAERF

W& E: This report investigates the generalized mixed variational inequality (GMVI), a framework that
unifies generalized variational inequalities (GVIs) and mixed variational inequalities (MVIs). The primary

contributions of this study are two-fold:
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1. By leveraging degree theory, we derive sufficient conditions for the existence of solutions to GMVL
Furthermore, we establish a criterion to ensure the uniqueness of these solutions, providing a theoretical
foundation for analyzing GMVI in general settings.

2. Recognizing that the conditions derived for GMVI are not directly applicable to GMPVI—a specialized
subclass of GMVI. This enables us to formulate an existence and uniqueness theorem tailored specifically to

GMPVI, addressing the challenges posed by non-strong monotonicity.

NPT R N R I S T B Bo w2 B e R A T
0y ik kF

WMEWE: OV EEE B, SR RTR R 5T 57 Hl2 SR S DR B, 0 2 i AT A A
FRW . AT T — FAES B ENE N R SNV R Ik £ 51T B BC AL, B AR TG DY A
HREI A bR A A A2 UL RN I ERE . NI A . AR
JBORN R SREFANA € SO R IR, - T — Aol e kA & B LRI . 2R 5] AL 5B 4%
KT UL Rk SR (RG> TR AMIE PSR SR R B 2 A EVE . Prie il I g e 4
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The Statistical Analysis of Zero-Inflated Weibull Model
H#A LBEIREHEARAXRF

WEME: In order to timely detect the risk of theft of financial and insurance accounts, this article proposes
a zero-inflated Weibull distribution model. Through objective Bayesian analysis, the Jeffreys and reference
priors of the parameters are derived in detail, and corresponding sampling mechanisms are designed. By
setting different sample sizes and parameter truth values, numerical simulations were conducted on parameter
estimation, and good estimation results were achieved. There is currently very little research on the
zero-inflated phenomenon of continuous probability distribution, the article enriches the research results in

this field.
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Predefined-time Robust Neurodynamic Models for Solving Absolute

Value Equations

FAM LT IREAKY

W& W E: The inverse-free neurodynamic dynamic models and predefined-time robust gradient neural
network (PRGNN) for solving absolute value equations (AVESs) are investigated to solve the absolute value
equations (AVEs). Under certain conditions, the equilibrium points of the dynamical system exist and could
be (globally) asymptotically stable. PRGNN achieves predefined-time convergence and exhibits complete
resilience against bounded vanishing or bounded non-vanishing noise. Compared with existing continuous
time models,PRGNN can achieve better noise-tolerance performance under large constant noise.Numerical

results illustrate the effectiveness of the presented methods.
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