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A GPU-based Halpern Peaceman-Rachford method for
convex programming

MER  FEBETRY

REME: We aim to employ an accelerated preconditioned alternating direction method of multi-
pliers (pADMM), whose proximal terms are convex quadratic functions, to solve linearly constrained
convex optimization problems. To achieve this, we first reformulate the pADMM into a form of
proximal point method (PPM) with a positive semidefinite preconditioner which can be degener-
ate due to the lack of strong convexity of the proximal terms in the pADMM. Then we accelerate
the pADMM by accelerating the reformulated degenerate PPM (dPPM). Specifically, we first pro-
pose an accelerated dPPM by integrating the Halpern iteration into it, achieving non-asymptotic
convergence rates. Subsequently, building upon the accelerated dPPM, we develop an acceler-
ated pADMM algorithm that exhibits the non-asymptotic nonergodic convergence rates in terms
of practical stopping criteria — the Karush-Kuhn-Tucker residual and the primal objective func-
tion value gap. Extensive numerical experiments on large-scale linear programming and convex
composite quadratic programming benchmark datasets, conducted using a GPU, demonstrate the
substantial advantages of our Halpern Peaceman - Rachford (HPR) method — a special case of
the Halpern-accelerated pADMM framework applied to the dual problems — over state-of-the-art
solvers, including the award-winning PDLP, as well as PDQP, SCS, CuClarabel, and Gurobi, in

achieving high-accuracy solutions.
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MLR-SNet (Meta-LR-Schedule-Net): Transferable LR
schedules for heterogeneous tasks

HIET RS R

R EHZE: The learning rate (LR) is one of the most important hyperparameters in stochastic gra-
dient descent (SGD) algorithm for training deep neural networks (DNN). However, current hand-
designed LR schedules need to manually pre-specify a fixed form, which limits their ability to adapt
to practical non-convex optimization problems due to the significant diversification of training dy-
namics. Meanwhile, it always needs to search proper LR schedules from scratch for new tasks, which,
however, are often largely different with task variations, like data modalities, network architectures,
or training data capacities. To address this learning-rate-schedule setting issues, we propose to
parameterize LR schedules with an explicit mapping formulation, called MLR-SNet. The learnable
parameterized structure brings more flexibility for MLR-SNet to learn a proper LR schedule to
comply with the training dynamics of DNN. Image and text classification benchmark experiments
substantiate the capability of our method for achieving proper LR schedules. Moreover, the ex-
plicit parameterized structure makes the meta-learned LR schedules capable of being transferable
and plug-and-play, which can be easily generalized to new heterogeneous tasks. We transfer our
meta-learned MLR-SNet to query tasks like different training epochs, network architectures, data
modalities, dataset sizes from the training ones, and achieve comparable or even better performance
compared with hand-designed LR schedules specifically designed for the query tasks. The robust-
ness of MLR-SNet is also substantiated when the training data are biased with corrupted noise. We
further prove the convergence of the SGD algorithm equipped with LR schedule produced by our
MLR-Net, with the convergence rate comparable to the best-known ones of the algorithm for solving
the problem. The source code of our method is released at https://github.com/xjtushujun/MLR-
SNet.
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Robust principal component analysis with rank and
cardinality regularization under matrix factorization

afs RRE TR

REMWZE: Robust principal component analysis (RPCA) is an important representative method
in data analysis. It is usually viewed as an optimization problem involving the rank and fy-norm
of matrices. In this paper, we study the rank and ¢y regularized matrix optimization problem
based on matrix factorization for the first time. In the context of RPCA, the low-rank structure
provides computational benefits for the factorized model. For the rank and ¢y regularized model
and its factorization model, we establish their equivalences on global minimizers and stationary
points, respectively. Furthermore, we construct a broadly applicable equivalent nonconvex relax-
ation framework for the constrained factorization model, and establish the equivalence between
it and its diverse relaxations in the sense of global minimizers and stationary points with strong
optimality conditions (called strong stationary points). For the general factorization problem with
lower semicontinuous regularizers and a loss function whose gradient is locally Lipschitz, we propose
a novel proximal gradient-based algorithm based on joint and alternating calculation with conver-
gence to its limiting critical points. We prove that the proposed algorithm can attain the stationary
points of the rank and ¢, regularized problem and its adaptive counterpart can attain the strong

stationary points of the constrained factorization problem and its relaxation problems, respectively.
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First-order methods on bounded-rank tensors converging to
stationary points

Ek P EREAB S S R G TR

REHHE: Provably finding stationary points on bounded-rank tensors turns out to be an open
problem [E. Levin, J. Kileel, and N. Boumal, Math. Program., 199 (2023), pp. 831-864] due to the
inherent non-smoothness of the set of bounded-rank tensors. We resolve this problem by proposing
two first-order methods with guaranteed convergence to stationary points. Specifically, we re-
visit the variational geometry of bounded-rank tensors and explicitly characterize its normal cones.
Moreover, we propose gradient-related approximate projection methods that are provable to find
stationary points, where the decisive ingredients are gradient-related vectors from tangent cones, line
search along approximate projections, and rank-decreasing mechanisms near rank-deficient points.
Numerical experiments on tensor completion validate that the proposed methods converge to sta-

tionary points across various rank parameters.
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On Convergence of Iterative Thresholding Algorithms to
Global Solution for Nonconvex Sparse Optimization

E ] DN S e R s 4

WEIWE: Sparse optimization is a popular research topic in applied mathematics and optimiza-
tion, and nonconvex sparse regularization problems have been extensively studied to ameliorate
the statistical bias and enjoy robust sparsity promotion capability in vast applications. However,
puzzled by the nonconvex and nonsmooth structure in nonconvex regularization problems, the con-
vergence theory of their optimization algorithms is still far from completion: only the convergence
to a stationary point was established in the literature, while there is still no theoretical evidence to
guarantee the convergence to a global minimum or a true sparse solution.

This talk aims to find an approximate global solution or true sparse solution of an under-
determined linear system. For this purpose, we propose two types of iterative thresholding algo-
rithms with the continuation technique and the truncation technique respectively. We introduce a
notion of limited shrinkage thresholding operator and apply it, together with the restricted isome-
try property, to show that the proposed algorithms converge to an approximate global solution or
true sparse solution within a tolerance relevant to the noise level and the limited shrinkage magni-
tude. Applying the obtained results to nonconvex regularization problems with SCAD, MCP and
Lp penalty and utilizing the recovery bound theory, we establish the convergence of their proximal

gradient algorithms to an approximate global solution of nonconvex regularization problems.
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Approximation for Pure Integer Two-stage Distributionally
Robust Service Network Design Problem with Demand
Uncertainty

ZEX  MEEKE

REMWE: We investigate a distributionally robust service network design problem with integer
recourse and addresses the computational challenge stemming from integer recourse. Based on a
two-stage consolidation-based formulation, the second-stage worst-case expected cost can be evalu-
ated in closed form by leveraging the concave envelope of the recourse function. The closed-form
nature enables reformulation of the original two-stage model into an approximate model that can
be solved directly by commercial solvers. Numerical experiments on the Civil Aeronautics Board
dataset show that the proposed approximation approach is capable of solving large-scale instances —
with up to 3.5 million variables — within acceptable computation time. Out-of-sample simulations
demonstrate that our model outperforms both deterministic and stochastic benchmarks, validating

the quality of the approximation.
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Sparse computation in image inverse problems: from
optimization to learning

REM EIFRE

REWZE: In image inverse problems, an important technique is based on sparse computation. In
this talk, we will introduce briefly the developments and trends of sparse computation in image
inverse problems. We will talk about some typical optimization algorithms and the recent learning

strategies, in particular some of our related works on L1DecNet+ and seisClear package.
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Stochastic dual coordinate descents for linearly constrained
convex optimization

TSI e R E SN

R EIZE: The problem of finding a solution to the linear system Ax=b with certain minimization
properties arises in numerous scientific and engineering areas. In the era of big data, the stochastic
optimization algorithms become increasingly significant due to their scalability for problems of un-
precedented size. This talk focuses on the problem of minimizing a strongly convex function subject
to linear constraints. We consider the dual formulation of this problem and adopt the stochastic
coordinate descent to solve it. The proposed algorithmic framework, called adaptive stochastic dual
coordinate descent, utilizes sampling matrices sampled from user-defined distributions to extract
gradient information. Moreover, it employs Polyak’s heavy ball momentum acceleration with adap-
tive parameters learned through iterations, overcoming the limitation of the heavy ball momentum
method that it requires prior knowledge of certain parameters, such as the singular values of a
matrix. With these extensions, the framework is able to recover many well-known methods in the
context, including the randomized sparse Kaczmarz method, the randomized regularized Kaczmarz
method, the linearized Bregman iteration, and a variant of the conjugate gradient (CG) method.
We prove that, with strongly admissible objective function, the proposed method converges linearly

in expectation. Numerical experiments are provided to confirm our results.
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Accelerating LLM Pre-Training through Flat-Direction
Dynamics Enhancement

R N

R EIE: Pre-training Large Language Models requires immense computational resources, making
optimizer efficiency essential. The optimization landscape is highly anisotropic, with loss reduc-
tion driven predominantly by progress along flat directions. While matrix-based optimizers such as
Muon and SOAP leverage fine-grained curvature information to outperform AdamW, their updates
tend toward isotropy—relatively conservative along flat directions yet potentially aggressive along
sharp ones. To address this limitation, we first establish a unified Riemannian Ordinary Differential
Equation (ODE) framework that elucidates how common adaptive algorithms operate synergis-
tically: the preconditioner induces a Riemannian geometry that mitigates ill-conditioning, while
momentum serves as a Riemannian damping term that promotes convergence. Guided by these
insights, we propose LITE, a generalized acceleration strategy that enhances training dynamics by
applying larger Hessian damping coefficients and learning rates along flat trajectories. Extensive
experiments demonstrate that LITE significantly accelerates both Muon and SOAP across diverse
architectures (Dense, MoE), parameter scales (130M-1.3B), datasets (C4, Pile), and learning-rate
schedules (cosine, warmup-stable-decay). Theoretical analysis confirms that LITE facilitates faster
convergence along flat directions in anisotropic landscapes, providing a principled approach to effi-

cient LLM pre-training.
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A Single-Loop Gradient Algorithm for Pessimistic Bilevel
Optimization via Smooth Approximation

SRt RTRHROR

R EIZE: Bilevel optimization has garnered significant attention in the machine learning commu-
nity recently, particularly regarding the development of efficient numerical methods. While substan-
tial progress has been made in developing efficient algorithms for optimistic bilevel optimization,
the study of methods for solving Pessimistic Bilevel Optimization (PBO) remains relatively less ex-
plored, especially the design of fully first-order, single-loop gradient-based algorithms. This paper
aims to bridge this research gap. We first propose a novel smooth approximation to the PBO prob-
lem, using penalization and regularization techniques. Building upon this approximation, we then
propose SiPBA (Single-loop Pessimistic Bilevel Algorithm), a new gradient-based method specif-
ically designed for PBO which avoids second-order derivative information or inner-loop iterations
for subproblem solving. We provide theoretical validation for the proposed smooth approximation
scheme and establish theoretical convergence for the algorithm SiPBA. Numerical experiments on

synthetic examples and practical applications demonstrate the effectiveness and efficiency of SIPBA.
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Functional multiple tensor decomposition
F g i PNES

WREIE: Triple decomposition has attracted increasing attention for decomposing third-order ten-
sors into three factor tensors. However, this approach is limited to third-order tensors and enforces
uniformity in the lower dimensions across all factor tensors, which restricts its flexibility and ap-
plicability. To address these issues, we propose the multiple tensor decomposition (MTD), a novel
framework that generalizes triple decomposition to arbitrary order tensors, and allows different short
dimensions of the factor tensors. Connections between the proposed multiple rank and the triple
rank, CP rank, and Tucker rank are established. Furthermore, we develop the functional multiple
tensor decomposition (FMTD), which decomposes a tensor function into a set of factor functions
along each dimension. By operating in the functional domain, FMTD naturally accommodates
continuous and non-grid data. We employ the Proximal Alternating Least Squares algorithm to
solve the FMTD-based tensor reconstruction models, and provide a convergence analysis for the
algorithm that does not rely on the Kurdyka-Lojasiewicz property. Extensive experiments on ro-
bust tensor completion and point cloud upsampling tasks further validate the effectiveness of our

method. This work is cooperate with Kunjing Yang and Libin Zheng.

Combining OR and ML for challenging transportation
optimization problems

P i T T DR

R EIE: Many real-life optimisation problems are intended for complex systems with limited pre-
dictability. Such systems are characterized by the large scale of the problem sizes, nonlinearity,
multi-objectivity and uncertainties. In marine container terminals, truck dispatching optimization
is often considered as the primary focus as it provides crucial synergy between the sea-side op-
erations and yard-side activities and hence can greatly affect the terminal throughput and quay
crane utilization. However, many existing studies rely on strong assumptions that often overlook
the uncertainties and dynamics innate to real-life applications. In this talk, we investigated several
learning based dynamic algorithms for transportation. Different from offline methods that search
for full solutions directly, the proposed generative methods focus on obtaining a generative policy
(heuristic) that makes more balanced decisions between two extremes: near-term greediness and
long-term reward forecasts which are mostly over-optimistic under uncertainties. This presentation
shall report a deep reinforcement learning hyper-heuristic and a genetic programming ensemble
hyper-heuristic method. Experiment studies show our proposed methods have good generalization
and achieve the state-of-the-art results on the problems derived from real-life transportation prob-

lems.

Adaptive Bregman primal-dual algorithms for general
bilinear minimax problems with applications to imaging

/N =N B TR
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REHE: We develop Bregman golden ratio primal-dual algorithms (GRPDA) for solving a class of
general bilinear minimax problems. The proposed method employs a convex combination step and
Bregman regularization, which help achieve convergence under more relaxed step size conditions and
expand the scope of applications. The convergence and convergence rate of the Bregman GRPDA
are established for both fixed and adaptive step sizes. The theoretical result significantly improves
the existing convergence conditions by relaxing the upper bounds of the key parameters in both the
convex combination step and the step size condition, broadening the bounds from the golden ratio
value to 2. Moreover, under a specific setting, a fully adaptive primal-dual three-operator splitting
method is produced for solving three-block composite optimization problems, where the step sizes
are computed using only current iteration information without linesearch or prior knowledge of the
Lipschitz constants. Numerical experiments on the color transfer and image reconstruction prob-
lems are conducted to compare the proposed Bregman GRPDA with state-of-the-art counterparts,

demonstrating the efficiency of the proposed methods.

How many integrals should be evaluated at least in
two-dimensional hyperinterpolation?

TR SNKEE

W EIWE: In this talk, we introduce a novel approach to approximating continuous functions over
high-dimensional hypercubes by integrating matrix CUR decomposition with hyperinterpolation
techniques. Traditional Fourier-based hyperinterpolation methods suffer from the curse of dimen-
sionality, as the number of coefficients grows exponentially with the dimension. To address this
challenge, we propose two efficient strategies for constructing low-rank matrix CUR decompositions
of the coefficient matrix, significantly reducing computational complexity while preserving accu-
racy. The first method employs structured index selection to form a compressed representation
of the tensor, while the second utilizes adaptive sampling to further optimize storage and compu-
tation. Theoretical error bounds are derived for both approaches, ensuring rigorous control over
approximation quality. Additionally, practical algorithms — including randomized and adaptive
decomposition techniques — are developed to efficiently compute the CUR decomposition. Numer-
ical experiments demonstrate the effectiveness of our methods in drastically reducing the number of
required coefficients without compromising precision. Our results bridge matrix/tensor decomposi-
tion and function approximation, offering a scalable solution for high-dimensional problems. This
work advances the field of numerical analysis by providing a computationally efficient framework
for hyperinterpolation, with potential applications in scientific computing, machine learning, and

data-driven modeling.

Tensor factorization machine and its lifted form
MRIEiE JE TR

WREHE: Factorization machines (FMs) are a new type of simple, efficient, yet powerful second-

order supervised predictor that can effectively and efficiently exploit feature interactions in data;
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this greatly helps in alleviating the negative effects caused by data sparsity, such as the difficulty
in parameter estimation. Thanks to the rapid development of data acquisition technology, tensor
data are now ubiquitous in various realistic applications such as computer vision, and they typically
carry useful structural information. However, to the best of our knowledge, we are not aware of
any tensor-oriented FM in the literature that can exploit such information. To further improve
the effectiveness of FMs in dealing with structured sparse tensor data, in this paper, we propose
two tensor FMs that can preserve and utilize the structural information therein, thereby differing
fundamentally from existing FMs. Specifically, we first directly generalize the vanilla FM to its
tensor form using multilinear algebra; but unfortunately this direct generalization exhibits some
shortcomings in terms of computation and optimization. To overcome these limitations, we propose
another lifted tensor FM based on the lifting technique. These considerations, together with the
inherited ability of tensor FMs to learn even under huge sparsity, make them an effective tool for
the desired purpose. With respect to the two tensor FMs, efficient training algorithms based on
gradient descent are developed, and theoretical analysis regarding their convergence and complexity
is also carried out. Extensive experiments on several real-world benchmark datasets show superior

performance of tensor FMs in image classification under sparsity.

A learning and rectification algorithm for nonstationary
online linear programming

MR e B

REHZE: This paper investigates online linear programming (OLP) under resource capacity con-
straints, aiming to maximize total reward over a finite horizon. To address the limitations of
stochastic models in nonstationary settings and the conservatism of adversarial models, we introduce
a globally nonstationary and locally stationary arrival model to the OLP context. This framework
partitions the horizon into known periods where requests are independent and identically distributed
within each period, while the underlying distribution varies across periods, balancing environmental
evolution with local stability. Assuming the true distribution is unknown, but an inaccurate prior
is available, we propose the Gradient Descent with Learning and Rectification (GDLR)) framework.
This dual-based method optimizes budget consumption for each request through two complementary
components: a learning component that leverages local stationarity to refine estimates by combin-
ing prior knowledge with real-time observations, and a rectification component that counters global
nonstationarity by adaptively adjusting estimates based on cumulative resource imbalance. Theo-
retically, we demonstrate that rectification serves as robust optimization against estimation errors
in dual and ensures primal feasibility. The regret bound of GDLR decomposes into intrinsic stochas-
ticity, estimation error, and allocation suboptimality, with the latter two significantly reduced via
learning and rectification. Empirically, our approach consistently outperforms baselines on synthetic
and real-world datasets. To our knowledge, this work presents the first enterprise OLP deployment

at Alipay, achieving a 2.2% average revenue gain in online A /B tests.
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Convergence analysis of the constrained gradient method
GReLHE DIk

REWZE: The constrained gradient method (CGM) has recently been proposed for solving convex
optimization and monotone variational inequality (VI) problems with general functional constraints.
Existing convergence results, however, rely on rather restrictive assumptions, and in some cases these
assumptions are even mutually inconsistent, which leads to gaps in the current theory. In this talk,
I present a new convergence analysis of CGM under weaker and more reasonable assumptions. The
results focus on strongly convex optimization problems and strongly monotone VI problems, where
rigorous and improved convergence guarantees are obtained. Preliminary numerical experiments

are also included to illustrate the effectiveness of the method.
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Two new variable implication oriented presolve techniques
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REHE: Variable implications refer to the logical dependencies between the bound changes of vari-
ables in the MIP problem. In this talk, we present two new variable implications oriented presolve
techniques for mixed integer programming (MIP) problems.The first technique aggregates multiple
variable implications to reduce the number of constraints and tighten the linear programming (LP)
relaxation. The second technique integrates variable implications into the linear constraint based
domain propagation, enabling the derivation of tighter variable bounds for more variables. Numer-

ical results demonstrate the effectiveness of the two presolve techgniues.

Quaternion-based Frobenius norm estimation for tensors
Wt 55 R e K

REHHE: In the era of big data, the rapid growth of large-scale tensor data in science and engi-
neering poses a fundamental challenge: efficiently estimating the tensor Frobenius norm, especially
for distributed or streaming data. Exact computation is often prohibitively expensive, render-
ing randomized estimation a promising alternative. Existing randomized methods for estimating
the Frobenius norm of real-valued tensors typically employ real or complex random vectors and
have achieved notable results. This work investigates the use of quaternion-valued random vectors,
whose entries are independent and identically distributed standard Gaussian variables. Theoretical
results confirm that the quaternion-based estimator is unbiased and exhibits smaller variance and
stronger concentration than the real- and complex-based estimators. This advantage becomes more
significant for higher-order tensors. Numerical experiments reveal that, in large-scale scenarios,
the proposed quaternion-based method achieves nearly an order-of-magnitude speedup over exact
computation.In the era of big data, the rapid growth of large-scale tensor data in science and engi-
neering poses a fundamental challenge: efficiently estimating the tensor Frobenius norm, especially
for distributed or streaming data. Exact computation is often prohibitively expensive, rendering
randomized estimation a promising alternative. Existing randomized methods for estimating the
Frobenius norm of real-valued tensors typically employ real or complex random vectors and have
achieved notable results. This work investigates the use of quaternion-valued random vectors, whose
entries are independent and identically distributed standard Gaussian variables. Theoretical results
confirm that the quaternion-based estimator is unbiased and exhibits smaller variance and stronger
concentration than the real- and complex-based estimators. This advantage becomes more sig-
nificant for higher-order tensors. Numerical experiments reveal that, in large-scale scenarios, the
proposed quaternion-based method achieves nearly an order-of-magnitude speedup over exact com-
putation. Finally, this estimation method is implemented as an efficient subroutine for tensor kernel

interpolation to reconstruct scalp voltage topographies in electroencephalography.

Efficient generative modeling with unitary matrix product
states using Riemannian optimization

Bl BT R R

WEFHE: Tensor networks, which are originally developed for characterizing complex quantum

many-body systems, have recently emerged as a powerful framework for capturing high-dimensional
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probability distributions with strong physical interpretability. This paper systematically studies
matrix product states (MPS) for generative modeling and shows that unitary MPS, a simple and
expressive tensor-network architecture motivated by the natural expression of pure quantum states,
offers clear benefits for unsupervised learning by reducing ambiguity in parameter updates and im-
proving efficiency. To overcome the inefficiency of standard gradient-based MPS training, we develop
a Riemannian optimization approach that casts probabilistic modeling as an optimization problem
with manifold constraints, and further derive an efficient space-decoupling algorithm. Experiments
on Bars-and-Stripes, EMNIST datasets and quantum state tomography (QST) demonstrate fast
adaptation to data structure, stable updates, and strong performance while maintaining the effi-

ciency and expressive power of unitary MPS.

Diffeomorphic logarithm of special orthogonal matrices
PESES JZ IR

REWZE: The inverse problem of matrix exponential of skew-symmetric matrices — the matrix
logarithm — exhibits a highly nontrivial local diffeomorphism structure, and the notion of a nearby
logarithm arises naturally as a local inverse of the skew-restricted exponential. In this work, we
establish a complete description of the local diffeomorphism structure of the exponential on the
skew-symmetric matrices. By introducing a canonical alignment rule for Schur decompositions, we
obtain a labeling and interpretation of the countably many diffeomorphic regions where the deriva-
tive of the exponential is invertible. A notion of diffeomorphic logarithm with a maximal domain
is introduced that maintains a diffeomorphism structure. An efficient algorithm is proposed, which
only costs one additional Schur decomposition. Moreover, the diffeomorphic logarithm is applied to
the Karcher mean problem on SQO,,, demonstrating continuous mean behavior under the motion of

the data points.

Randomized structured-TLS based higher order extended
dynamic mode decomposition

T Y HEHRH

REWZE: Dynamic mode decomposition (DMD), a fundamental methodology for data-driven dy-
namical systems analysis, faces three persistent limitations: restricted applicability to nonlinear
systems, sensitivity to noise-induced instabilities, and computational inefficiency at scale. Recent
advances partially address these constraints. However, these approaches still require a trade-off be-
tween computational efficiency and accuracy. This work introduces a unified randomized higher or-
der extended DMD (randomized HOEDMD) framework integrating randomized linear algebra with
structured total least squares (STLS). Its innovations include Cholesky decomposition-enhanced
randomized QB algorithms that reduce spatial complexity. Furthermore, we establish theoretical
error bounds demonstrating quantifiable convergence to deterministic HOEDMD solutions under

mild conditions. Evaluations across synthetic, cylinder wake flow, and fMRI datasets demonstrate
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(1) substantially improved computational efficiency while maintaining accuracy relative to the de-
terministic counterpart, and (2) superior precision compared to standard DMD and its random-
ized variants. Overall, the proposed method provides an efficient, theoretically grounded approach
for analyzing noise-contaminated, multiscale dynamical systems, effectively bridging computational

tractability and dynamical fidelity.

ADMM-based bilevel descent aggregation algorithm for
sparse hyperparameter selection

TER BRINHRME A AR K 2

WEHHE: Hyperparameter selection plays a critical role in sparse optimization. Bilevel optimiza-
tion provides a robust framework for addressing this issue; however, existing methods heavily rely on
the lower-level singleton (LLS) assumption, which significantly limits their practical applicability.
To overcome this limitation, this paper focuses on a class of nonsmooth convex sparse optimiza-
tion problems and proposes a novel bilevel optimization framework that effectively integrates the
alternating direction method of multipliers (ADMM) with a bilevel descent aggregation (BDA) al-
gorithm. Specifically, ADMM is employed to efficiently solve the lower-level problem, while BDA
explores the hyperparameter space, enabling seamless coordination between the upper and lower
levels. A key contribution of this work is a new convergence analysis, demonstrating that the pro-
posed ADMM-BDA algorithm achieves global convergence under substantially relaxed conditions,
thereby eliminating the need for the LLS assumption commonly required in the literature. Ex-
tensive numerical experiments on both synthetic and real-world datasets show that ADMM-BDA
outperforms several state-of-the-art methods in terms of effectiveness and robustness, particularly

when the lower-level problem involves elastic-net penalized statistical models.

Efficient curvature-aware hypergradient approximation for
bilevel optimization

KR F RS

W EIWE: Bilevel optimization is a powerful tool for many machine learning problems, such as
hyperparameter optimization and meta-learning. Estimating hypergradients is crucial for develop-
ing gradient-based methods for bilevel optimization. In this work, we propose a computationally
efficient technique for incorporating curvature information into the approximation of hypergradients
and present a novel algorithmic framework based on the resulting enhanced hypergradient compu-
tation. We provide convergence rate guarantees for the proposed framework in both deterministic
and stochastic scenarios, particularly showing improved computational complexity over popular
gradient-based methods in the deterministic setting. This improvement in complexity arises from a
careful exploitation of the hypergradient structure and the inexact Newton method. In addition to
the theoretical speedup, numerical experiments demonstrate the significant practical performance

benefits of incorporating curvature information.
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Support recovery for sparse regression with quadratic
measurements via weakly-convex-concave regularization

7 Wb Tl K2

WEWE: The recovery of unknown signals from quadratic measurements finds extensive appli-
cations in fields such as phase retrieval, power system state estimation, and unlabeled distance
geometry. This paper investigates the finite sample properties of weakly convex-concave regularized
estimators in high-dimensional quadratic measurements models. By employing a weakly convex-
concave penalized least squares approach, we establish support recovery and ¢ — error bounds for
the local minimizer. To solve the corresponding optimization problem, we adopt two proximal
gradient strategies, where the proximal step is computed either in closed form or via a weighted
{1 approximation, depending on the regularization function. Numerical examples demonstrate the

efficacy of the proposed method.

Nesterov accelerated proximal gradient methods for convex
composite optimization on Riemannian manifolds
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A natural SQP method with potentially infeasible
subproblems for nonlinear optimization
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WREMWZE: The sequential quadratic programming (SQP) method has shown remarkable perfor-
mance for addressing nonlinear optimization problems. However, it typically requires the quadratic
programming (QP) subproblems to be feasible. To overcome this limitation, various approaches
introducing penalizations or perturbations to the QP subproblems have been developed. In this
study, we propose a novel natural SQP algorithm that iterates through a stationary point of the
classical QP subproblem, specifically the minimizer closest to the feasible region. This approach
ensures global convergence under standard assumptions by identifying a solution with the least
constraint violation. The resulting solution minimizes the objective function within the set of mini-
mizers for constraint violation. Furthermore, the proposed method exhibits a quadratic convergence
rate. When the original problem is feasible, our assumptions and conclusions align with those of
the classical SQP method. Numerical experiments validate the effectiveness and demonstrate the

superior performance of the proposed algorithm.

Normalized tensor train decomposition
T E R EEBEECE S R GRHEEW TR

W EE: Tensors with unit Frobenius norm are fundamental objects in many fields, including
scientific computing and quantum physics, which are able to represent normalized eigenvectors and
pure quantum states. While the tensor train decomposition provides a powerful low-rank format
for tackling high-dimensional problems, it does not intrinsically enforce the unit-norm constraint.
To address this, we introduce the normalized tensor train (NTT) decomposition, which aims to
approximate a tensor by unit-norm tensors in tensor train format. The low-rank structure of NTT
decomposition not only saves storage and computational cost but also preserves the underlying
unit-norm structure. We prove that the set of fixed-rank NTT tensors forms a smooth manifold,
and the corresponding Riemannian geometry is derived, paving the way for geometric methods. We
propose NTT-based methods for low-rank tensor recovery, high-dimensional eigenvalue problem,
estimation of stabilizer rank, and calculation of the minimum output Rényi 2-entropy of quantum
channels. Numerical experiments demonstrate the superior efficiency and scalability of the proposed
NTT-based methods.

AR T LM EARALA
FARE  ERHARNIRAR

WETE: AR IO L A5 W 2 AL B A e T T, DA R Bt v 7 st o B ) A A
HRKWE IR . HREIELMEE TR, @i/ NXKSHE B 30 F IR R Bl RS HLITA
SFThER, REMM, PRGN E SHORMAL N 2% 7 s MR o5 i, kB b, i S R0 —
SRR LA

55



A decentralized mini-batch variance-reduced gradient
tracking method with Barzilai-Borwein step sizes

S R TR 2

R EIHZE: This paper investigates the problem of minimizing the finite sum of smooth and strongly
convex cost functions, where these functions are nested on a decentralized, undirected network of
agents. We present a decentralized mini-batch variance-reduced gradient tracking algorithm with
Barzilai-Borwein (BB) step sizes, termed DmSVRG-BB. Our method employs the uncoordinated
and dynamic step sizes that are automatically computed by using local information. The combi-
nation of the mini-batch stochastic variance reduced gradient and the gradient tracking technique
facilitates exact convergence of the algorithm. We establish the conditions under which DmSVRG-
BB linearly converges to the exact optimal solution in expectation. Owing to the incorporation of
the BB step sizes and the mini-batch technique, DmSVRG-BB achieves a faster convergence rate,
both theoretically and numerically, compared to the existing decentralized variance-reduced gradi-
ent tracking method with the coordinated constant step size (GT-SVRG). Numerical experiments
on standard data sets show that DmSVRG-BB is superior to GT-SVRG with best-tuned step sizes,

and can outperform several advanced decentralized stochastic gradient algorithms.

Bregman-augmented Lagrangian method for nonconvex
nonsmooth optimization with general inequality constraints

[ WAL TR

WEFHE: This paper studies a class of nonconvex nonsmooth composite optimization problems
with general inequality constraints. We propose a Bregman-augmented Lagrangian (BAL) method,
which utilizes an appropriate Legendre function and its associated Bregman distance to effectively
handle inequality constraints, without imposing feasibility on certain variables. Crucially, unlike
conventional ALM combined with barrier methods, BAL ensures convergence without driving the
regularization and penalty parameters to zero or infinity. This design significantly enhances numeri-
cal stability and eases implementation. To handle the nonsmoothness of the objective, we introduce
a sequential optimality condition and prove, under mild constraint qualifications, that any limit
point of a bounded sequence generated by the BAL method satisfies the KKT conditions of the
original problem. Numerical experiments demonstrate the stable computational efficiency and fa-

vorable numerical performance of the proposed method.

Blind hyperspectral and multispectral images fusion: A
unified tensor fusion framework from coupled inverse
problem perspective

[ AEE S AR K

REHHE: Hyperspectral and multispectral images fusion aims at integrating a low-resolution hy-

perspectral image (LR-HSI) and a high-resolution multispectral image (HR-MSI) to construct a
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high-resolution hyperspectral image (HR-HSI). It is generally assumed that spatial blurring oper-
ator and spectral response operator are prior-known. However, such an assumption is extremely
restrictive in prac tice. To overcome this limitation, this paper formulates blind fusion as a coupled
inverse problem, integrating blind deconvolution in the spatial domain with blind unmixing in the
spectral domain. From this novel perspective, we propose a unified tensor fusion framework capa-
ble of flexible self adjustment and real-time fusion without pre-training. We further introduce an
optimization model for the joint estimation of the target HR-HSI, the spatial point spread function,
and the spectral response function. To solve this model, we devise a partially linearized alternating
direction method of multipliers (ADMM) algorithm with Moreau envelope smoothing, accompanied
by the rigorous convergence analysis. An initialization estimator tailored to the specific character-
istics of the fusion problem is proposed. Numerical comparisons with state-of-the-art methods on
both synthetic and real-world datasets demonstrate the compelling performance of the proposed
method.

DI-SARAH: A differential inertial stochastic recursive
gradient algorithm for deep neural network training

WTE TR

WEWE: To address the issues of slow convergence, high gradient estimation variance,and sus-
ceptibility to local optima encountered by stochastic gradient algo rithms in deep neural network
training, this paper proposes the Differential Inertia Stochastic Recursive Gradient Algorithm (DI-
SARAH). This algorithm introduces dual differential inertia and curvature-aware adaptive learning
rates,utilizing first-order and second-order information to construct the inertia term,thereby accel-
erating escape from saddle points and suppressing oscillations. The oretical analysis confirms its
convergence under smooth non-convex functions and achieves linear convergence rates under the
Polyak-Lojasiewicz (PL) condition. Experiments demonstrate that DI-SARAH significantly out-
performs existing mainstream algorithms in convergence speed and accuracy, exhibiting excellent

generalization capabilities and robustness.
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A two-stage evolutionary algorithm based on hybrid penalty
strategy and its application to multi-UAV path planning

L7 THERF

R &I E :Constrained optimization problems with complex and dynamic constraints pose signifi-
cant challenges for evolutionary algorithms, as the constraints reshape the solution space and create
conflicts between feasibility maintenance and global exploration. To address this issue, this study
proposes TSC-PSODE, a two-stage evolutionary algorithm based on a hybrid penalty strategy.
The algorithm employs an external penalty in the early stage to preserve population diversity and
enhance exploration, while an internal penalty in the later stage accelerates convergence toward
high-quality feasible solutions. In addition, a cooperative strategy combining differential evolu-
tion operators strengthens robustness and helps the population escape local optima. Experimental
evaluations on the CEC2017 benchmark suite (the IEEE Congress on Evolutionary Computation
2017 benchmark) and multi-Unmanned Aerial Vehicle path planning tasks demonstrate that TSC-
PSODE consistently outperforms state-of-the-art algorithms. The results confirm that the proposed
method not only provides an effective mechanism for constraint handling, but also achieves a fa-
vorable balance between exploration and exploitation by maintaining diversity and accelerating
convergence. In practical terms, TSC-PSODE is capable of generating safe and feasible flight paths
for multiple UAVs in complex environments, highlighting its adaptability and competitiveness for

real-world applications.

Low-rank approximation of correlation matrix for
classification tasks

iRk TR 2 B

REWE: MM R MATERE N 1 KRR ERENE, EAEZ LRI TLlE RS
MIEY) R GG 2 AR # R AR EEAEH . A RBEE FE 00 R, A OCHE I i 4R P i 3 5
Wi 5 B s AT IR . TR, AR CA R R T VR 2 7RSI P R e 4 A DGR R R B AL SR
FARH 7 — 2T von Neumann divergence FIAHICHEFEARFRE LT i) @, FH& it 7 —AN Pk
() Riemannian trust-region Newton-tCG J7VZ KX — ) . Ak, A ekl X m g #E
KIS AT S AT 1T 12 EUE S5

58



Hankel tensor completion via two-layer optimization for
functional magnetic resonance images recovery

it KRG fe

R EIWE: Functional magnetic resonance images recovery, a critical task in biomedical applications,
can be effectively recast into a Hankel tensor completion problem. Yet conventional tensor comple-
tion methods generally fail to preserve the Hankel structure during Hankel tensor completion, as
they neglect its defining anti-diagonal property. To overcome this limitation, we propose a structure-
preserving proximal gradient algorithm based on an enhanced two-layer optimization framework.
Notably, our method integrates a Hankelization projection operator during the iterative process,
ensuring that every intermediate tensor update strictly satisfies the Hankel structural requirements.
Theoretical analysis confirms that the objective function satisfies the Kurdyka-Lojasiewicz (KL)
property, thereby guaranteeing global convergence of the algorithm to a locally optimal solution.
Numerical experiments on random Hankel tensor completion and functional magnetic resonance
images demonstrate that our method maintains structural integrity while delivering competitive

recovery accuracy.

Accelerated primal-dual methods in continuous and discrete
time

OF FT TSN

W EHZE: This report concerns accelerated primal-dual methods for linearly constrained optimiza-
tion problems. Motivated by classical heavy-ball and Nesterov acceleration, we describe a unified
perspective that links continuous-time inertial dynamical systems with discrete time primal-dual
algorithms. Emphasis is placed on how continuous models help explain acceleration mechanisms,
guide algorithm design, and support convergence analysis in discrete time. Simple numerical exam-

ples are presented to illustrate the main ideas.

A mismatched adaptive anchoring Halpern iteration
algorithm for solving linear inverse problems

] Je TURF

W EHHE: This paper addresses a class of nonsmooth penalized least squares optimization problems
that involve a mismatched adjoint operator, arising in linear inverse problems within imaging sci-
ence. By leveraging the Halpern iteration method, we propose a Mismatched Adaptive anchoring
Halpern iteration Algorithm (MAHA) for solving the penalized least squares optimization problems,
along with detailed convergence analysis. In particular, our analysis establishes that MAHA not
only is strongly convergent in Hilbert space but also achieves sublinear convergence rate. A series
of numerical experiments on computed tomography image reconstruction problems show that the
proposed MAHA performs well in practice. Our proposed method maintains the convergence rate

order while exhibiting superior performance, particularly in terms of running time. These results
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strongly support the idea that utilizing the mismatched adjoint is beneficial for solving linear inverse

problems.

BY XK BERRREANRAEATIRM TN H
W BRI

REMWE: BH MR EZBERAFZ LR, B ZH TSN, %45
R IRBRAE RIS S T G EE, 7R 4 IRERZ ML N RS B2 . )ik
o, BATTHR AN R R IR (IQP) (R R R g, Bt T — RIS S LIRS
MR TR R, SCBL T R RER ORI 1) R P DR v o R AR, LR RRIA B E PRATIR/KF . k4L,
%R R PSAE AR MR R ESE WE E QPLIB 5 MINLPLIB RIS 7 6 AN MM S ) 24 BT S A 2 %0
fifzdsg. AE TS JTTH, RATARTEE BT Sl St 7L HRER, T R ESZ 7
R, 7EA PRI PR N SEOMBRNER AR . 1551 T RARIS SRARRE I IRT, 2S5 T &
FEAEFIFZREETH T 16%, w58 T AHC RS I G K 7%,

A fast block coordinate descent method for orthogonal
nonnegative matrix factorization

1% KL iR

REWE: Orthogonal nonnegative matrix factorization (ONMF) extends traditional matrix fac-
torization by incorporating nonnegativity and orthogonality constraints. It has gained significant
attention for applications in dimension reduction and data clustering. This paper proposes a novel
algorithm for solving ONMF within the block coordinate descent (BCD) framework. Both subse-
quence and whole sequence convergence of the algorithm are rigorously established, representing a
major advancement in ONMF research. Extensive experiments on real-world datasets demonstrate
the method’s effectiveness and efficiency. Compared with several state-of-the-art ONMF techniques,
the proposed algorithm achieves superior performance in terms of computational efficiency, relative

error, and optimality gap.

Low rank approximations of symmetric tensors
e EPRHR

WEHE: In this talk, we present a nonlinear semidefinite relaxation method for low rank tensor
approximation to a given symmetric tensor. Under mild assumptions, best low rank approximation
can be certified. In the general case, quantified quasi-optimal solutions are derived. The discussions
are based on primal-dual methods. The theory is verified theoretically for orthogonally decompos-

able tensors as well as numerically through examples in the general case.

Hankel tensor completion via L, — Ly optimization model
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W EIWE: Abstract: Hankel tensor completion plays a crucial role in various applications, including
signal processing and medical imaging. However, due to their intrinsic structured nature, processing
Hankel tensors remains challenging. Motivated by the recently proposed nonconvex L, — Lg opti-
mization model, we develop two structure-preserving algorithms based on the proximal difference-
of-convex algorithm with extrapolation (pDCAe).These algorithms incorporate structure-preserving
techniques in each iteration to ensure that the Hankel structure is retained. We establish the con-
vergence of the proposed algorithms under the Kurdyka Lojasiewicz (KL) inequality framework.
Extensive numerical experiments demonstrate that our methods outperform existing algorithms in

terms of recovery accuracy and computational efficiency.

Risk-averse two-stage distributionally robust mixed-integer
optimization with decision-dependent ambiguity sets

WIAELS R

REFHE: Distributionally robust optimization (DRO) aims at finding an optimal solution under the
worst-case distribution within an ambiguity set, which is built from partial information about the
true distribution. In this paper, we investigate a new class of risk-averse two-stage distributionally
robust mixed-integer optimization problems where the ambiguity set is decision-dependent. Specif-
ically, we consider distance-based ambiguity sets defined by ¢-divergence and Wasserstein metric,
and these sets are influenced by the first-stage integer decisions. By adopting the Lagrangian dual
theory and Slater’s condition, we reformulate the problem into tractable mixed-integer nonlinear
programming problems. We develop a decomposition method to solve the resulting mixed-integer
programming problems especially when the ambiguity set is defined using 1-Wasserstein metric. Fur-
thermore, for cases where empirical data may be contaminated, we demonstrate the quantitative
statistical robustness of the optimal value of decision-dependent distributionally robust optimization
(D3RO) problem using the Fortet-Mourier metric. Finally, we conduct numerical experiments to

exhibit variations in the optimal value and to illustrate the quantitative statistical robustness results.

Nonconvex federated learning on compact smooth
submanifolds with heterogeneous data

P mER

WREHZE: In this talk, we consider federated learning over manifold with heterogeneous data. We
propose an algorithm that leverages stochastic Riemannian gradients and manifold projection to im-
prove computational efficiency, uses local updates to improve communication efficiency, and avoids
client drift.

Robust log-contrast regression for high-dimensional
compositional data
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W EE: Microbiome sequencing data are compositional in nature and often exhibit complex sub-
composition structure, together with substantial noise and outlying observations. These features
pose serious challenges for classical log-contrast regression, which is sensitive to extreme values and
cannot fully accommodate the linear constraints inherent to compositional predictors. To address
these issues, we propose a robust constrained regression framework that combines the Huber loss
with an 11 penalty, thereby improving resistance to outliers while enabling sparse variable selection.
General linear constraints are explicitly imposed to preserve the algebraic coherence of composi-
tional and subcompositional covariates. To solve the resulting multi-block coupled optimization
problem efficiently, we develop a symmetric Gauss-Seidel based ADMM (sGS-ADMM) algorithm
with exact blockwise decomposition and closed-form updates, leading to improved numerical stabil-
ity and convergence. Simulation studies show that the proposed method achieves strong estimation
accuracy, competitive prediction performance, and reliable outlier identification in high-dimensional
contaminated settings. An application to an HIV microbiome dataset further demonstrates its prac-
tical effectiveness, interpretability, and the stability of the selected microbial signals. Overall, the
proposed method provides a useful robust tool for high-dimensional compositional regression under

linear structural constraints.

Nonconvex robust quaternion matrix completion for imaging
processing

HEF il EPNE

WREMZE: One of the tasks in color image processing and computer vision is to recover clean data
from partial observations corrupted by noise. To this end, robust quaternion matrix completion
(QMC) has recently attracted more attention and shown its effectiveness, whose convex relaxation
is to minimize the quaternion nuclear norm plus the quaternion L;-norm. However, there is still
room to improve due to the convexity of the convex surrogates. In this talk, we propose a novel
nonconvex robust quaternion matrix completion (QMC) model that enhances low-rank and sparse
component estimation through a nonconvex matrix-type MCP function and a quaternion L,-norm,
respectively. An alternating direction method of multipliers (ADMM) algorithm is developed to
solve the proposed model, accompanied by a rigorous convergence analysis. Furthermore, a non-
local self-similarity (NSS) based nonconvex robust quaternion completion method is introduced
to efficiently handle large-scale data. Extensive numerical experiments on color image and video
inpainting demonstrate the superior performance of the proposed method compared to existing

state-of-the-art approaches.

A partially linearized Bregman ADMM for composite
nonconvex and nonsmooth optimization

e PR

62



WEHHE: This paper proposes a partially linearized Bregman alternating direction method of
multipliers (PLBADMM) for solving a class of composite nonconvex and nonsmooth optimization
problems. A key challenge for this class of problems is the non-smoothness of the component function
for each variable. This destroys the convergence condition of existing nonconvex ADMMs, i.e., the
gradient of the component function of at least one variable is Lipschitz continuous. To address this
challenge, we replace the gradient Lipschitz continuity with the proximal regularity in establishing
convergence analysis, which automatically holds for convex functions. Algorithmically speaking, the
proposed method combines the Bregman distance with partial linearization techniques, effectively
reducing the computational difficulty of nonsmooth subproblems while enhancing its adaptability to
nonconvex structures. Moreover, the relaxation factor has a larger convergence interval (0,2), sig-
nificantly improving algorithmic flexibility. Theoretically, under the Polyak-Lojasiewicz-Kurdyka
condition, we prove the global convergence and convergence rates measured by the sequences of
the potential function values and the iterative points, respectively. Specially, the superlinear con-
vergence can be achieved with suitable parameter choices. To the best of our knowledge, such
convergence results are entirely new for the discussed problems. Furthermore, the proposed method
is not limited to Euclidean space but also naturally extends to optimization problems on Rieman-
nian manifolds. The analysis relies solely on the proximal regularity, substantially weakening the
required condition and providing new convergence results for constrained optimization on manifolds.

Numerical experiments validate the effectiveness and robustness of the proposed method.

A multi-stage non-convex relaxation algorithm for the sparse
solution of underdetermined linear equations

T [E) VLK %

REWZE: This paper introduces a multi-stage non-convex relaxation algorithm for finding sparse
solutions to underdetermined linear systems, termed the multi-stage weighted proximal point dual
algorithm. We first present a one-stage version of the algorithm that jointly optimizes weights and
variables. In this stage, we formulate the dual problem of a weighted proximal point subproblem;
by analyzing its first-order optimality conditions and duality gap, this nonsmooth and strongly
convex dual problem is efficiently solved using a limited-memory BFGS quasi-Newton method. We
prove that the one-stage algorithm converges to a critical point satisfying the weighted range space
property. Building on this, we extend it to a multi-stage formulation that ensures solution feasibil-
ity. Compared to existing multi-stage convex relaxation methods, the proposed approach achieves
higher recovery rates and significantly faster computation, particularly for highly underdetermined

sensing matrices. Numerical experiments validate the efficiency of the method.

A variable metric Douglas-Rachford splitting method for
nonconvex composite optimization

TR RSN YN
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REHWE: The Douglas-Rachford splitting method (DRSM) has gained significant attentions in
structural monotone inclusions over the last decades, and continues its success in composite opti-
mization. However, DRSM occasionally suffers from slow convergence when the iterates reach the
vicinity of optima. To ameliorate the efficiency of DRSM on solving composite optimization, we
develop a variable metric DRSM (VMDR) by deploying the second-order oracles of objective. Under
the KL assumption, we analyze the global convergence of VMDR and establish its convergence rates
on the perspectives of merit function and distance to criticality. Alternatively, a latent pitfall of
VMDR is the intensively computational effort on solving the weighted proximal operator, which is
often handled by internally nested subroutines. Thereby, we propose an inexact VMDR with two
criteria. Numerical experiments on binary classification and image reconstruction demonstrate the

compelling performance of the proposed method.

On approximation of tensor nuclear norm minimization
T g R

WEZE: Tensor nuclear norm minimization can be viewed as the tightest convex approximation
of the tensor completion task. It requires a smaller sample size to recover the underlying ground-
truth low-rank tensor comparing the that required by the popular tensor matricization technique.
However, tensor nuclear norm minimization is proved to a challenging task, and even computing the
tensor nuclear norm is a NP-hard problem. We identify the dual of the tensor nuclear norm mini-
mization and propose some tractable convex relaxation based on this dual formulation. We further
establish some approximation ratios of our approach with the hitting-set constructed in computing

tensor nuclear norm in our previous work.

Approximation algorithms for line planning with multiple
resource constraints

LML AT K

W EE: This paper studies line planning for urban bus networks that face multiple resource
limits such as budget, labor, and emission caps while using heterogeneous fleets. The objective is
to maximize total reward from serving passengers by assigning buses to candidate routes subject to
capacity and resource constraints. The reward parameters are general and can encode diverse user
preferences and multi-modal system configurations. Prior work typically assumes single resource
constraints and homogeneous fleets, and often relies on methods that lack theoretical guarantees or
computational tractability. We develop the first approximation algorithms with provable guarantees
for this setting. For the cost-free variant, a randomized rounding scheme attains the optimal ratio
1 — 1/e which is tight unless P = NP. Leveraging this base algorithm, we derive extensions for
the general case with arbitrary cost vectors, obtaining constant-factor approximation guarantees.
To support large-scale application, we adapt the base algorithm to ensure computational scalabil-
ity while preserving rigorous theoretical guarantees. Experiments on Greater Boston transit data

demonstrate that our approach achieves 95% to 98% of the linear programming relaxation bound,
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whereas Gurobi solver fails on considerably smaller instances. Our experiments further show that
heterogeneous fleets significantly outperform homogeneous ones and that multi-resource optimiza-
tion is required to avoid significant resource limit violations, thereby underscoring the importance

of our framework.

Loss landscape and error bound analysis of regularized deep
matrix factorization

TN HHER>

REIE: Deep matrix factorization (DMF) is a fundamental model underlying many applications,
including deep linear neural networks. Despite its simplicity, the regularized DMF problem exhibits
a highly nonconvex optimization landscape that is not yet fully understood. In this talk, we analyze
the loss landscape and local geometry of regularized deep matrix factorization. We characterize all
critical points and identify conditions under which a critical point is a local minimizer, a global mini-
mizer, a strict saddle point, or a non-strict saddle point. We further establish an error bound around
the critical point set, which leads to linear convergence guarantees for gradient-based methods. Our
results provide theoretical insights into why first-order methods perform well for regularized DMF
and offer a unified perspective on the optimization behavior of deep linear networks as an important

application.

A class of parallel splitting proximal augmented Lagrangian
methods with optimal step size

== e R TR

W EHE: This talk develops a unified framework of a class of parallel splitting proximal augmented
Lagrangian methods (ALM) for separable multi-block convex optimization with linear constraints.
Different from existing approaches that impose positive semidefinite regularizations or employ cor-
rection steps, our framework integrates both strategies to achieve efficiency and flexibility. We
significantly relax the algorithm requirements by permitting indefinite regularization matrices while
maintaining global convergence and prove an optimal stepsize bound for the correction step. Our
algorithm achieves substantial flexibility by naturally including both the classical parallel splitting
ALM with optimal step size and the existing proximal-based methods as special cases. Global con-

vergence as well as non-asymptotic convergence rate of the proposed algorithm is established.

A hybrid intelligent algorithm for multi-UAV task allocation
and path planning

LT T KRR

EFHE: Efficient task allocation and path planning techniques play a crucial role in enabling

multiple unmanned aerial vehicle (Multi-UAV) to collaboratively execute various tasks. This paper
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proposes a hybrid intelligent algorithm for multi-UAV task allocation and path planning. First, the
Q-learning task grouping strategy is employed to ensure intra-cluster compactness and task-type
consistency. The Dynamic Escape Optimization algorithm is applied to match UAV types with tasks
and optimize task sequencing, ensuring UAVs efficiently execute tasks aligned with their capabilities.
Second, considering realistic communication constraints, obstacles, and resource-energy limitations,
a complementary base-station allocation strategy is further designed. By integrating task sequence
and environmental information, an improved Ax algorithm based on cost and obstacle potential is
employed for path planning, enabling optimal task execution path planning for UAVs in complex
environments. Finally, six distinct environments were designed, varying in Urban map size, obstacle
count, task quantity, and UAV numbers. These were validated at both the strategic and algorithmic
levels. The results demonstrate that this method achieves superior execution paths across all envi-
ronments, with path performance improvements of 105.39%, 138.03%, and 1.9975% compared to the
three ablation experiments,respectively. It also significantly outperforms the Dijkstra algorithm in
terms of path length and runtime.The experimental results validate the comprehensive effectiveness
and engineering applicability of the proposed method in addressing multi-UAV task allocation and

path planning challenges in complex environments.

From disagreement to robustness: tackling ESG rating
disagreement with distributionally robust portfolio selection
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REMWE: ESG rating disagreement among agencies constitutes a fundamental challenge to sustain-
able investment, as portfolio construction in ESG investment is critically dependent on the choice of
rating agency. In this study, we develop a distributionally robust mean-variance portfolio optimiza-
tion model using the Wasserstein metric, with the explicit inclusion of ESG rating disagreement as
a core consideration. The model is shown to allow tractable reformulation as a convex program,
and its solution further yields a modified fund separation theorem. Using ESG scores from four
major agencies and historical data from CSI 300 constituents in China between 2019 and 2024, we
find that our approach, which incorporates multiple ESG perspectives and attenuates rating noise,
outperforms conventional portfolios that ignore ESG considerations as well as those based on aver-
aged or single-agency ratings. The advantage of our model becomes even more pronounced during

down-down market states and periods of high ESG disagreement.

A Gauss—Seidel augmented Lagrangian algorithm for Tucker
rank tensor completion

L E KRG B

REMZE: This paper proposes a Gauss-Seidel augmented Lagrangian method for Tucker rank ten-
sor completion. By incorporating a Gauss—Seidel block-updating scheme into the classical HaLRTC

framework, the algorithm fully exploits the most recent block information and thereby improves
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computational efficiency over Jacobi-type parallel updates while maintaining high recovery accu-
racy. Under a constant step size, we establish global convergence to an optimal solution within
a variational inequality framework. Numerical experiments on synthetic tensors and color images
demonstrate that GSHaLRTC converges faster and achieves higher recovery accuracy than several

representative tensor completion methods, illustrating its effectiveness and practicality.

Quaternion matrix completion with quasi-nonnegative
constraints and sparsity for color image restoration
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Nonconvex truncated conditional value at risk-based sparse
linear regression

ZE B

REWE: Conditional value at risk (CVaR) is a widely recognized risk measure used to manage
data uncertainty within risk management. In this paper, we study a class of sparse linear regression
models based on truncated CVaR measure and 10-norm regularization. Due to the nonconvexity
and nonsmoothness of the objective functions, we propose an approximation model that employs
a tight relaxation of the 10-norm. The solution equivalence between the proposed model and its
approximation model is explored. To efficiently solve the approximation model, we develop a semis-
mooth Newton-based proximal majorization-minimization algorithm. Furthermore, the convergence
analysis of the proposed algorithm is presented, and extensive numerical experiments conducted on

both synthetic and real datasets illustrate the stability and effectiveness of the proposed algorithm.

A robust EDM optimization approach for 3D single-source
localization with angle and range measurements

25 R TR

WEE: Accurate source localization in multi-platform radar networks can be improved by jointly
using range and angle measurements. We propose a robust Euclidean distance matrix (EDM) model
for 3D single-source localization that combines range data, angle information, and least absolute
deviation (I1-norm). A key contribution is a rigorous reformulation of 3D angle measurements as
box constraints on Euclidean distances. Each angle measurement is reduced to a two-dimensional
nonlinear optimization problem, whose global extrema provide lower and upper bounds on source-
to-sensor distances. We then apply an efficient majorization-penalty algorithm for the resulting
rank-constrained EDM problem. Numerical results show improved localization accuracy and effi-

ciency, especially at low SNR.

A resampling-free stochastic projection contraction
algorithm for solving stochastic variational inequalities

sy AR Y i FEw N
REMWE: Sampling is a major computational bottleneck in stochastic algorithms. This paper pro-

poses a stochastic projection contraction algorithm for stochastic variational inequality problems,
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significantly reducing runtime by eliminating resampling in the correction step. We introduce an ad-
justable offset weight to optimize search direction, along with different adaptive step size strategies
in prediction and correction steps. We further present discrete differential equation interpretations
for specific offset weight values. To address bias due to the absence of resampling in the correction
step, we develop an error control scheme and provide convergence guarantees. Numerical experi-

ments demonstrate the algorithm’s efficiency.

Learning fused row-sparse structures via Newton methods
for linear matrix equations

FNE Bl

R EIHZE: This talk focuses on learning fused row-sparse structures in linear matrix equations. Such
structures help obtain compact representations from spatiotemporal data with dynamic smoothness
and effective compression. The underlying optimization problem is formulated as the minimiza-
tion of a least squares loss function regularized by the total number of nonzero rows in the matrix
formed by consecutive row differences, which is NP-hard in general. We reformulate the problem,
derive first-order optimality conditions, and reduce the variable dimension under mild conditions.
A subspace Newton algorithm with quadratic convergence rate is then tailored to handle the result-
ing reformulated problem with row-sparsity regularization. Numerical experiments show that our

method is more efficient than traditional first-order methods.

Unsupervised feature selection via nonnegative orthogonal
constrained regularized minimization

2T BRI S R GURHEEW TR

WREWZE: Unsupervised feature selection has drawn wide attention in the era of big data, since it
serves as a fundamental technique for dimensionality reduction. However, many existing unsuper-
vised feature selection models and solution methods are primarily designed for practical applications,
and often lack rigorous theoretical support, such as convergence guarantees. In this paper, we first
establish a novel unsupervised feature selection model based on regularized minimization with non-
negative orthogonality constraints, which has advantages of embedding feature selection into the
nonnegative spectral clustering and preventing overfitting. To solve the proposed model, we develop
an effective inexact augmented Lagrangian multiplier method, in which the subproblems are ad-
dressed using a proximal alternating minimization approach. We rigorously prove the algorithm’s
sequence converges to a stationary point of the model. Extensive numerical experiments on popular
datasets demonstrate the stability and robustness of our method. Moreover, comparative results
show that our method outperforms some existing state-of-the-art methods in terms of clustering

evaluation metrics.

ESG REFAXMIR TR FHEEHR
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A two-step Krasnoselskii-Mann algorithm with adaptive
momentum and its applications to image processing

e R R

REWZE: In this work, we propose a Two-step Krasnoselskii-Mann (KM) Algorithm (TKMA) with
adaptive momentum for solving convex optimization problems arising in image processing. Such op-
timization problems can often be reformulated as fixed-point problems for certain operators, which
are then solved using iterative methods based on the same operator, including the KM iteration, to
ultimately obtain the solution to the original optimization problem. Prior to developing TKMA, we
first introduce a KM iteration enhanced with adaptive momentum, derived from geometric prop-
erties of an averaged nonexpansive operator T, KM acceleration technique, and information from
the composite operator T2. The proposed TKMA is constructed as a convex combination of this
adaptive-momentum KM iteration and the Picard iteration of 72. We establish the convergence of
the sequence generated by TKMA to a fixed point of T. Moreover, under specific assumptions on
the adaptive momentum parameters, we prove that the algorithm achieves an o(k~'/2) convergence
rate in terms of the distance between successive iterates. Numerical experiments demonstrate that
TKMA outperforms the FPPA, PGA, Fast KM algorithm, and Halpern algorithm on tasks such as

image denoising and low-rank matrix completion.

An auto-adjusted stochastic Barzilai-Borwein stepsize for
stochastic gradient descent

HRSR AR R

WREFZE: The simple stochastic Barzilai-Borwein (BB) stepsize lacks theoretical support for the
convergence of stochastic gradient descent (SGD). To address this, we propose an Auto-adjusted
stochastic BB (AutoSBB) stepsize for SGD, derived from the stochastic BB stepsize formula. This
stepsize is constrained within a critical range that ensures convergence while enabling automatic
adaptation to different problem structures. Theoretically, for strongly convex non-smooth problems,
SGD with the AutoSBB stepsize (SGD-AutoSBB) achieves a convergence rate of O(log(7")/T'). For
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convex non-smooth problems, it attains a rate of O(log(T)/v/T). Moreover, when the prescribed
stepsize interval is periodically halved, SGD-AutoSBB achieves O(1/T') for strongly convex non-
smooth problems and O(1/v/T) for convex non-smooth problems. Numerical experiments compare
the AutoSBB stepsize with bandwidth-based stepsizes that also vary within a predefined range.
The results demonstrate that the AutoSBB stepsize is highly effective, owing to its automatic decay
mechanism. Overall, SGD-AutoSBB shows promising performance relative to classical SGD vari-

ants.

Purity law for neural routing problem solvers with enhanced
generalizability

bl H R 2 g K

WEIWE: Achieving generalization in neural approaches across different scales and distributions
remains a significant challenge for routing problems. A key obstacle is that neural networks often
fail to learn robust principles for identifying universal patterns and deriving optimal solutions from
diverse instances. In this paper, we first uncover Purity Law, a fundamental structural principle for
optimal solutions of routing problems, defining that edge prevalence grows exponentially with the
sparsity of surrounding vertices. Statistically and theoretically validated across diverse instances,
Purity Law reveals a consistent bias toward local sparsity in global optima. Building on this insight,
we propose Purity Policy Optimization (PUPO), a novel training paradigm that explicitly aligns
characteristics of neural solutions with Purity Law during the solution construction process to en-
hance generalization. Extensive experiments demonstrate that PUPO can be seamlessly integrated
with popular neural solvers, significantly enhancing their generalization performance without incur-

ring additional computational overhead during inference.

Plug-and-play proximal block coordinate descent method for
hyperspectral anomaly detection

KGEEE R TR

WREHZE: In this talk, we introduce an orthogonal constrained optimization model for hyperspec-
tral anomaly detection. The model represents background information via eigen decomposition and
characterizes anomalies using a generalized group sparsity measure. To enhance the robustness
against Gaussian noise, we integrate a deep implicit proximal denoiser prior into a plug-and-play
(PnP) framework applied to the eigenimages. We solve the resulting nonconvex nonsmooth opti-
mization problem using a PnP-proximal block coordinate descent (PnP-PBCD) method and provide
convergence analysis. Experimental results demonstrate that the proposed method effectively de-

tects anomalous objects, even under Gaussian noise contamination.

Solver-aware high-order optimization for large-scale
nonconvex problems
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WEHE: This talk presents a solver-aware perspective on large-scale nonconvex optimization,
coupling algorithmic design with matrix- and tensor-free subproblem solvers. First, we discuss
second-order methods with full-curvature awareness. By detecting and handling nonpositive cur-
vature on the fly within Krylov-subspace iterations for solving the Newton system, we establish
methods with global complexity guarantees and superlinear local convergence under standard reg-
ularity conditions. Moving to third-order and beyond (arbitrary order p), we present practical and
theoretical results for adaptively regularized tensor methods (ARp). We introduce improved strate-
gies including efficient regularization updates and a novel pre-rejection mechanism. Furthermore,
we establish a sharp local pth-order convergence rate for ARp, contingent on the right choice of

local subproblem minimizer.
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Stochastic conjugate gradient algorithm with adaptive
importance sampling strategy

R TR

REHE: Traditional stochastic optimization usually uses uniform data sampling, which can cause

high gradient variance and limit performance. Importance sampling helps reduce this variance,
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but most existing methods rely on per-sample Lipschitz constants, which are hard to estimate in
practice. To overcome this issue, we propose an adaptive importance sampling method based on
local first-order information, without requiring Lipschitz constants. We further integrate it into the
stochastic conjugate gradient framework, whose complex search direction updates provide a chal-
lenging testbed for evaluating the method. The proposed algorithm periodically updates sampling
probabilities using squared norms of past gradients. We show that this reduces stochastic gradient
variance and guarantees convergence under milder assumptions. Experiments on classical machine

learning tasks demonstrate competitive and stable performance across various settings.
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Strategyproof multi-resource allocation for cloud computing
under divisible and indivisible task models

IR EEEGE AR

WREE: We study multi-resource allocation with Leontief utilities in cloud computing. The canon-
ical mechanism, Dominant Resource Fairness (DRF), satisfies sharing incentive (SI), envy-freeness
(EF), strategyproofness (SP), and Pareto optimality (PO), but can be highly inefficient under the
classical utilitarian approximation ratio; indeed, under this benchmark, no mechanism satisfying

these properties can achieve a better worst-case guarantee. This limitation motivates the recently
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introduced fair-ratio benchmark, which compares a mechanism only against optimal allocations sat-
isfying SI and EF. Within this benchmark, we introduce a unified parametric mechanism design
framework that captures previous mechanisms as special cases. By tuning the parameters to the
instance structure, we obtain new mechanisms that preserve SI, EF, SP, and PO and improve the
best previously known asymptotic fair-ratio from 4/3 to 9/8. We also initiate the study of fair-ratio
guarantees for indivisible tasks. Since SI, EF, SP, and PO cannot be achieved simultaneously in this
setting, we focus on SI, EF1, and SP, and propose a DRF-style mechanism with constant fair-ratio
6. In contrast, we show that several natural extensions of efficient mechanisms for divisible tasks

fail to remain strategyproof in the indivisible setting. Joint work with Yunpeng Lou.

Towards large-scale probabilistic set covering problems: An
efficient Benders decomposition approach

SES WK

REHZE: In this paper, we investigate the probabilistic set covering problem (PSCP) in which the
right-hand side is a binary random vector and the covering constraint is required to be satisfied
with a prespecified probability. We consider the case with a finite discrete distribution of the ran-
dom vector, which usually arises in the context of the sample average approximation approach. We
develop an effective Benders decomposition (BD) algorithm for solving large-scale PSCPs, which
enjoys two key advantages: (i) the number of variables in the underlying Benders reformulation is
independent of the scenario size; and (ii) the Benders cuts can be separated by an efficient combi-
natorial algorithm. For the special case that random vector is a combination of several independent
random blocks/subvectors, we explicitly take this kind of block structure into consideration and
develop a more efficient BD algorithm. Moreover, to further speed up the two proposed BD algo-
rithms, we develop a class of strong valid inequalities, which are guaranteed to be facet-defining
for the polytope induced by the probabilistic constraint. Numerical results on instances with up to
one million scenarios demonstrate the effectiveness of the proposed BD algorithms over a black-box
mixed integer programming solver’s branch-and-cut and automatic BD algorithms and a state-of-

the-art algorithm in the literature.
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Asymptotic analysis of nonlinear one-bit precoding in
massive MIMO systems via approximate message passing

RA T ERFEBER S R GUR A T

WEWE: Massive MIMO systems with one-bit DACs enable energy-efficient hardware but make
precoding a challenging discrete, nonconvex problem. This talk studies a practical convex-relaxation-
then-quantization approach for nonlinear symbol-level precoding. We develop a new analytical
framework based on approximate message passing (AMP) to characterize its large-system perfor-
mance under i.i.d. Gaussian channels. The analysis yields a closed-form expression for the symbol
error probability (SEP), revealing how system parameters affect performance. Our numerical results
suggest that an 2 regularizer, with optimal tuning, achieves the best SEP within a broad class of

convex regularizers, and we prove it for the mixed ¢2_-¢3 regularizer family.

Multi-objective adaptive Nesterov-like acceleration algorithm
for multi-task deep learning

)P RGP MINES

WEWE: With the wide application of multi-task learning in many deep learning problems, how
to balance different tasks has become the most important challenge in multi-task learning training.
This paper proposes a fast multi objective adaptive momentum algorithm to address the multi-
objective characteristics of multi-task learning and the slow descent of adaptive algorithms. Firstly,
the algorithm adopts multi-objective adaptive technology to separate the cumulative gradient of
each parameter in the adaptive algorithm, thereby separating the learning rate of each target task.
Secondly, a Nesterov-like momentum acceleration is added to each task-level gradient, and it avoids
the additional overhead of Nesterov acceleration algorithm in calculating gradients at extrapola-
tion points. For the task-dominated problem, we describe the task weights by using the relative
loss of the task and the normalized gradient paradigm, and normalize them, which can effectively
balance each task. Finally, theo retically, the descending boundary of the multi-task aggregation
loss function is characterized. The experimental results show that, compared with usual adaptive
algorithms, the proposed algorithm has higher performance and faster convergence in training the

scene parsing multi-task learning problems.

Spectral clustering for community detection of multi-layer
networks

T4y 5 B R R
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Quatlca: Advanced numerical linear algebra and
optimization for quaternionic matrices in Python

IR TR RS

WEWE: Quaternion-valued representations provide a convenient way to model coupled multi-
channel signals (e.g., RGB imagery, polarization data, vector fields, and multi-detector time series).
Yet practical and numerically reliable software support remains far less mature than those based on
the real/complex setting. Here, we present Quatlca, an open-source Python library for quaternion
numerical linear algebra and optimization, designed for both research prototyping and reproducible
experimentation. Quatlca provides core quaternion matrix operations and norms; dense decom-
positions and reductions (QR, LU, Q-SVD, eigendecomposition, Hessenberg /tridiagonal reduction,
Cholesky decomposition, and Schur helpers); iterative solvers including quaternion GMRES (with
preconditioning) and Newton-Schulz pseudoinverse schemes; and domain-focused routines for signal
and image processing such as quaternion Tikhonov restoration. The library also includes OptiQ),
which solves quaternion Hermitian semidefinite programs using log-det barrier Newton methods
with -continuation. We highlight design choices that preserve quaternion structure, and we provide
end-to-end demonstrations including quaternion image deblurring, Lorenz-attractor filtering, and

quaternion image completion.

Balancing the data-fidelity: A fair and inexact primal-dual
splitting framework for image inverse problems

Rz RS (IERD

WEWZE: Image inverse problems are frequently formulated as composite optimization problems
involving a smooth data-fidelity term and non-smooth regularization terms. Standard primal-dual
splitting methods, such as Condat-Vii and PD30O, typically handle the smooth term exclusively
within the primal update via linearization. This asymmetric treatment often leads to unbalanced
computational burdens between primal and dual subproblems, potentially limiting convergence effi-
ciency when the subproblems exhibit disparate complexity. To address this issue, we propose a Fair
Primal-Dual (FPD) algorithmic framework that flexibly distributes the information of the smooth
data-fidelity term into both primal and dual subproblems, thereby balancing the utilization of data
information. Furthermore, as the resulting dual subproblem involving the conjugate of a sum gen-
erally lacks a closed-form solution, we develop an Inexact FPD (IFPD) algorithm equipped with a
practical stopping criterion for the inner solver. We establish the global convergence of the proposed

framework and derive an O(1/N) ergodic convergence rate in terms of the primal-dual gap under
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standard assumptions. Extensive numerical experiments on synthetic non-negative Lasso, low-rank
total variation (LRTV) based MRI reconstruction, and sparse-view CT reconstruction demonstrate
that the proposed fair strategies significantly outperform state-of-the-art primal-dual methods in

terms of iteration efficiency and restoration quality.

Quantized signal processing in massive MIMO: identifiability,
optimization, and deep learning algorithms

ARIIZ B B e 5 RGBT TU R

WEWZE: In this talk, we introduce quantized signal processing in massive MIMO systems, driven
by the need to use low-resolution DACs/ADCs to reduce power consumption. However, coarse
quantization results in the loss of amplitude information from communication signals, making sig-
nal estimation and detection challenging. We present formulations for maximum-likelihood estima-
tion (MLE) and discuss the associated challenges with integrals and nonsmooth objective functions.
Identifiability conditions for quantized signal sensing are introduced, quantifying the relationship
between the number of measurements and the parameter dimension. Then, we propose novel global
optimization algorithms for both signal detection and channel estimation. To enhance performance
and efficiency, we incorporate a deep unfolding adaptation, supported by a theoretical analysis of

the activation function. Simulation results demonstrate the effectiveness of our approaches.

Efficient group Lasso regularized rank regression with
data-driven parameter determination

A R

W& E: High-dimensional regression often suffers from heavy-tailed noise and outliers, which
can severely undermine the reliability of least-squares based methods. To improve robustness, we
adopt a non-smooth Wilcoxon score based rank objective and incorporate group sparsity regulariza-
tion. By extending the tuning-free property originally developed for the rank Lasso, we introduce
a simulation-based tuning rule and further establish a finite-sample error bound for the resulting
estimator. On the computational side, we develop a proximal augmented Lagrangian method for
solving the associated optimization problem, for which we establish novel convergence analysis by
proving metric subregularity of the underlying KKT mapping, while enabling efficient semismooth
Newton updates for the subproblems. Extensive numerical experiments demonstrate the robustness
and effectiveness of our proposed estimator against alternatives, and showcase the efficiency and
scalability of the proposed algorithm against the state-of-the-art baseline across both simulated and

real-data settings.
Tl R BB iR M BE = B 1R
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Single loop method for a special mixed integer robust
optimization problem in physical layer security

PN Byt N

REWZE: The worst case secrecy rate maximization problem is considered for the multiple input
multiple output wiretap channel aided by reconfigurable intelligent surface, where the channel coef-
ficients related to the eavesdropper have estimation errors. The corresponding problem is a mixed
integer robust problem. It is reformulated as an equivalent bilevel problem. The analytic solution
for the lower level problem is deduced and proved. For the upper level problem, a single loop method
is proposed, which combines the projected gradient method and the maximum ratio transmission
technique in wireless communications. The complexity of the proposed method is only linear in
both transmit antenna number and RIS element number. Numerical results verify the effectiveness

of the proposed model and the high efficiency of the proposed method.

A modified inertial self-adaptive algorithm for bilevel
variational inequalities with applications to signal processing

FNHRL THRKF
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R EIE: In this paper, we develop a modified inertial triple self-adaptive algorithm that integrates
the inertial method, the subgradient extragradient method, and the hybrid steepest descent method
for solving bilevel variational inequality problems, where the upper-level problem involves a strongly
monotone variational inequality problem and the lower-level problem comprises a quasimonotone
variational inequality problem with split variational inequalities and fixed-point constraints. A
distinctive feature of our approach is a triple self-adaptive step-size mechanism that dynamically
adjusts parameters without requiring prior estimation of operator norms or Lipschitz constants. We
rigorously establish the strong convergence theory for the algorithm under the bilevel framework.
Experimental results on two numerical examples and signal recovery applications, including the
modified LASSO problem, demonstrate that the proposed algorithm achieves superior performance

compared to existing methods.

From absolute value equations to linear inequalities: An
efficient reduction-based solution framework via the RGRK
method

iR TEITE R

W EIWZE: This paper first proposes a reduction strategy and proves the mathematical equivalence
between the absolute value equation (AVE) of a specific form Az + |[Az — b = b and the linear
inequality system (LIS) Az < b. Through this transformation, we reduce the equation-solving prob-
lem to the problem of finding linear feasibility.For the transformed system, we propose proposes a
relaxation greedy randomized Kaczmarz (RGRK) method. The RGRK method employs an adap-
tive greedy threshold sampling strategy, which effectively overcomes the row-norm bias inherent
in the relaxation randomized Kaczmarz (RRK) method and signiffcantly reduces the strong de-
pendence on the sampling parameter observed in the sampling Kaczmarz-Motzkin (SKM) method.
This enables the precise identiffcation of globally large-residual constraints without requiring addi-
tional parameter tuning. Theoretically, we establish the expected linear convergence of the RGRK
method and prove that its convergence rate surpasses those of RRK and SKM.Additionally, we de-
rive a probabilistic bound for the feasibility certiffcate provided by the iterative points. Numerical
experiments on both synthetic datasets (Gaussian and correlated random systems) and real-world
applications (such as support vector machine (SVM) classiffcation and linear programming (LP)

problems) consistently validate the effectiveness of the proposed method.
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When does additional information lead to longer travel time
in multi-origin-destination networks?

JEHIE AEHTHR KA

REIZE: The Informational Braess’ Paradox (IBP) illustrates a counterintuitive scenario where
revelation of additional roadway segments to some self-interested travelers leads to increased travel
times for these individuals. IBP extends the original Braess’ paradox by relaxing the assumption
that all travelers have identical and complete information about the network. In this paper, we
study the conditions under which IBP does not occur in networks with non-atomic selfish travelers
and multiple origin-destination pairs. Our results completely characterize the network topologies

immune to IBP, thus resolving an open question proposed by Acemoglu et al.
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Analysis of an optimal control problem of the backward
fractional Feynman-Kac equation with temporal
approximation

FH 33 RERF

WEIE: This work discuss an optimal control problem governed by the backward fractional
Feynman-Kac equation, which depicts the probability density function of functionals of widespread
diffusion phenomena in various multiscale fields. In the constrained equation, the time-space coupled
nonlocal operator and its non-commutativity with Laplacian bring significant difficulties. The well-
posedness, optimality conditions and solution’s regularity of the continuous optimal control problem
are established. We propose a temporal semi-discrete scheme for the optimal control problem by
applying the backward Euler convolution quadrature formula to discretize the Riemann-Liouville
fractional substantial derivative in the equation. In addition, the error estimate of the proposed
semi-discrete scheme is rigorously established, and almost optimal convergence of O(7|In7|) is ob-

tained depending only on the regularity assumptions on the data and without extra assumptions
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on the solution.

Sinkhorn-reparameterized primal-dual optimization for
scalable quadratic assignment

BT BRI K EHR AT 7Cfe

REMWE: The Quadratic Assignment Problem (QAP) is a challenging NP-hard problem. Existing
methods either suffer from high per-iteration costs or poor exploration. This paper proposes a
Sinkhorn-reparameterized primal-dual framework—a differentiable solver that balances low compu-
tational complexity with strong global exploration. It reformulates the problem as an unconstrained
min-max game, enabling efficient gradient descent-ascent updates with convergence guarantees. A
Sinkhorn reparameterization projects optimization trajectories into the Birkhoff polytope, where
implicit gradient scaling prevents premature convergence and improves solution quality. Leveraging
GPU parallelism, the method supports massive multi-start initialization and trajectory harvesting.
Experiments on QAP, graph matching, and graph isomorphism benchmarks show superior perfor-

mance and scalability over state-of-the-art baselines.

Grouping method based on entropy recursive differential and
general separability for large-scale global optimization
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General inertial proximal gradient method with gradient
extrapolation for nonconvex nonsmooth optimization
problems

FIR% BB R RIR KA

WREWZE: The inertial strategy has been widely utilized to accelerate proximal gradient methods
for nonconvex nonsmooth optimization problems. Recently, the gradient extrapolation technique
has also been adopted to further enhance the acceleration of these methods. Inspired by the effec-
tiveness of both techniques, in this paper, we propose a general inertial proximal gradient method
with gradient extrapolation, named GiPMGE. Compared to existing methods, our proposed GiP-
MGE not only covers some classic methods, but also offers more general and flexible choices for the
inertial, gradient extrapolation, and stepsize parameters. Under the assumption that the merit func-
tion satisfies the Kurdyka-Lojasiewicz property, we prove that the sequence generated by GiPMGE
globally converges to a critical point and derive the corresponding convergence rates. Additionally,

we conduct some numerical experiments to demonstrate the advantage of GIPMGE.

AERREHE~FENETERS L
EHE ERITEA

WEWE: We present AscendOptimizer, an episodic agent that bootstraps this missing expertise

by turning execution into experience.
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Enhancing presolve in mixed integer programming by
combining probing and dual fixing
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Ik T ERFEBER S RGRH A T

WEHE: In this talk, we investigate how to combine probing and dual fixing to improve presolve
in mixed integer programming (MIP) solvers. We first enhance probing by embedding dual fixing.
Then, we use probing to detect more generalized dual fixings. Computational results demonstrate

the effectiveness.

A gradient guided diffusion framework for chance
constrained programming

FiaHE ILYIPNE2

REHE: Chance constrained programming (CCP) is a powerful framework for addressing op-
timization problems under uncertainty. In this paper, we introduce a novel Gradient-Guided
Diffusion-based Optimization framework, termed GGDOpt, which tackles CCP through three key
innovations. First, GGDOpt accommodates a broad class of CCP problems without requiring the
knowledge of the exact distribution of uncertainty — relying solely on a set of samples. Second, to
address the nonconvexity of the chance constraints, it reformulates the CCP as a sampling problem
over the product of two distributions: an unknown data distribution supported on a nonconvex
set and a Boltzmann distribution defined by the objective function, which fully leverages both first-
and second-order gradient information. Third, GGDOpt has theoretical convergence guarantees and
provides practical error bounds under mild assumptions. By progressively injecting noise during
the forward diffusion process to convexify the nonconvex feasible region, GGDOpt enables guided
reverse sampling to generate asymptotically optimal solutions. Experimental results on synthetic
datasets and a waveform design task in wireless communications demonstrate that GGDOpt out-

performs existing methods in both solution quality and stability with nearly 80% overhead reduction.
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Data-driven robust multiproduct pricing with fairness
concerns

RERSH i RUK

R EIWE: Data-driven techniques enable customized pricing across customers, times and locations,
but face concerns over robustness to demand uncertainty and pricing fairness, hindering their real-
world use. This talk presents a tailored data-driven pricing approach with automatic robustness
and fairness guarantees, putting forward a Wasserstein ambiguity set-based distributionally robust
optimization model with a novel price fairness constraint. Numerical tests will be presented to show
the benefits of our approach in enhancing revenue, robustness, and fairness for pricing strategy

under uncertainty.

A relaxation method for nonsmooth nonlinear optimization
with binary constraints

M BRI

WEIHE: We consider a class of unconstrained binary optimization problems with nonsmooth
objective functions, motivated by applications in signal processing, robust statistics, and machine
learning. Existing approaches, such as semidefinite programming (SDP) relaxations and penalty-
based methods, often face scalability challenges or rely on smoothness assumptions that limit their
effectiveness. To overcome these issues, we propose a matrix relaxation framework tailored to non-
smooth binary optimization. Starting from a rank-constrained semidefinite reformulation of the
original problem, we replace the rank-one constraint with a difference-of-convex (DC) surrogate,
leading to an equivalent DC-constrained SDP model. We then introduce a global exact penalty for-
mulation and develop a matrix factorization-based algorithm that avoids costly eigen-decompositions
and enables efficient closed-form updates. We establish theoretical equivalence between stationary
points of the original and penalized problems, and prove global convergence of the proposed algo-
rithm. Numerical experiments on both synthetic and real datasets show that our method achieves
state-of-the-art performance in accuracy and scalability, consistently outperforming existing base-

lines for nonsmooth binary optimization.

Bilevel programming approach for image restoration
problems with automatically hyperparameter selection

B PN

WEZE: In optimization-based image restoration models, the correct selection of hyperparameters
is crucial for achieving superior performance. However, current research typically involves manual
tuning of these hyperparameters, which is highly time-consuming and often lacks accuracy. In
this paper, we concentrate on the automated selection of hyperparameters in the context of image
restoration and present a bilevel programming approach that can simultaneously select the optimal

hyperparameters and achieve high-quality restoration results.
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A surrogate value function formulation for bilevel
optimization

R Wb Tl R

WEHE: The value function formulation offers a natural single-level representation for bilevel
optimization, but its implicit and nonsmooth structure poses significant challenges. We propose a
surrogate value function formulation (SVF) that replaces the implicit value function with an ex-
plicit surrogate based on lower level stationarity, while avoiding the incorporation of the entire
lower level stationary set into the upper level feasible region, as in Karush-Kuhn-Tucker formula-
tions. Under pseudoconvexity of the lower level Lagrangian, SVF is proved to be equivalent to
the original bilevel problem. We establish main theoretical properties of SVF by characterizing its
stationarity conditions and clarifying their relationships with existing single-level models. To han-
dle complementarity constraints, a smoothing barrier augmented Lagrangian method is developed,
and accumulation points of the generated iterates are shown to be Clarke stationary. Numerical
experiments on nonconvex and degenerate problems demonstrate the effectiveness of the proposed

approach.

Point-wise convergence to the expected equilibrium price in
stochastic online Fisher markets: A human-AI collaborative
study

W3 B i UK

WEWE: In scenarios such as cloud computing and digital advertising, a platform sequentially
prices and allocates resources to arriving users with stochastic budgets and utilities. We model this
problem as a stochastic online Fisher market. While the expected equilibrium price p* provides
a natural benchmark, the necessity and guarantees of an online pricing policy’s point-wise con-
vergence to p* remain underexplored. We study this necessity through a human-Al collaboration
paradigm, in which AI generates candidate ideas and the authors formalize the rigorous analysis.
This yields an algorithm-independent mathematical framework bounding the expected regret and
market-clearing deviation of any online pricing policy by its cumulative point-wise deviation from
p*, making point-wise convergence key to performance guarantees. Motivated by this, we analyze
two data-driven pricing methods: Sample Average Approximation (SAA) and first-order methods.
Assuming structural conditions and bounded iterates, the SAA iterate based on n observations
converges to p* at rate O~(n_1/ 2), where O hides logarithmic factors, while the first-order iterate
achieves O(t~1/2) at step t. The structural conditions that define well-conditioned markets are sat-
isfied by CES and Cobb-Douglas utilities, and economically reflect expected demand sensitivity and
stability. Numerical experiments validate our results, together providing a foundation for stable

and efficient platform operations.

The generally unitarily decomposable partially symmetric
tensors and their approximation
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WEWZE: In this talk, I will introduce a class of generally unitarily decomposable partially sym-
metric tensors, which extend conventional orthogonal tensors while retaining many of their desir
able properties. We show that the best low-rank approximation of such tensors may be determined
by the terms with largest coefficients in their decompositions. We propose a successive rank-one ap-
proximation algorithm and a matrix-based method to compute its decomposition for a given tensor.

Finally we demonstrate the effectiveness of the proposed algorithms with numerical experiments.

Inertial randomized subspace regularized Newton method
kagcd INiPNE2

R EIWE: For non-convex optimization problems, we propose an inertial randomized subspace reg-
ularized Newton method. Under the assumption that the generated sequence converges, we analyze
the asymptotic convergence of the algorithm. By leveraging the properties of random projections,
we bound the search direction with high probability based on the gradient norm, establishing a high-
probability one-step descent inequality. To address the non-monotonicity introduced by the inertial
term, we construct a Lyapunov function to prove the monotonic decrease of the energy sequence and
the summability of the squared displacements. We show that, conditional on sequence convergence,
the algorithm converges to a stationary point of the objective function with high probability. This
work combines inertial momentum with randomized second-order subspace techniques, providing an

algorithmic framework with convergence guarantees for high-dimensional non-convex optimization.

Improving sketching algorithms for low-rank matrix
approximation via sketch-power iterations

T IR

WEWE: Power iteration can improve the accuracy of randomized SVD, but requires multiple
data passes, making it impractical in streaming or memory-constrained settings. We introduce a
lightweight yet effective sketch-power iteration, allowing power-like iterations with only a single pass
of the data, which can be incorporated into one-pass algorithms for low-rank approximation. As an
example, we integrate the sketch-power iteration into a one-pass algorithm proposed by Tropp et
al., and introduce strategies to reduce its storage cost. We establish meaningful error bounds: given
a fixed storage budget, the sketch sizes derived from the bounds closely match the optimal ones
observed in reality. This allows one to preselect reasonable parameters. Numerical experiments on
both synthetic and real-world datasets indicate that, under the same storage constraints, applying
one or two sketch-power iterations can substantially improve the approximation accuracy of the
considered one-pass algorithms. In particular, experiments on real data with flat spectrum show

that the method can approximate the dominant singular vectors well.
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Low-rank optimization models for spectral compressed
sensing in radar and communications

WAE [E S PN

WEHHE: Spectral analysis of signals, also known as spectral compressed sensing or infinite-
dimensional compressed sensing, is a core component of modern information techniques. The rapid
developments of radar sensing and wireless communications have advanced its research from fast
Fourier transform (FFT) in the 1960s, to maximum-likelihood and subspace methods emerging in the
1980s, and then to sparse and compressed sensing methods of this century. In this talk, we present
our latest progress on this topic by solving the highly nonconvex maximum-likelihood optimization
problem via rank-constrained SDP or a Structured MAtrix Recovery Technique (SMART). SMART
is inspired by our high-dimensional extension of the Carathéodory-Fejér Theorem (1911) that also

forms the basis of the previous subspace and infinite-dimensional compressed sensing methods.
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Kernel-free quadratic surface SVM for conditional
probability estimation in imbalanced multi-class classification

M- At WraE K

REME: For the multi-class classification problems, we propose a new probabilistic output classi-
fier called kernel-free quadratic surface support vector machine for conditional probability estimation
(CPSQSVM), which is based on a newly developed binary classifier (BCPSQSVM) combined with
the one vs. rest (OvR) decomposition strategy. The purpose of BCPSQSVM is to estimate the
positive class posterior conditional probability density and assume it to be a quadratic function. Fur-
ther, the definition of quadratically separable in probability is given and the optimization problem of
BCPSQSVM is constructed under its guidance. The primal problem can be solved directly, because
it is a convex quadratic programming problem (QPP) without using kernel functions. However, we
design the corresponding block iteration algorithm for its dual problem, which perhaps rendered the
device inoperable due to the large constraint size of the primal problem. It is worth noting that our
CPSQSVM assigns greater weights to minority samples to mitigate the negative impact of labeling
imbalance due to the use of OvR strategy. The existence and uniqueness of optimal solutions, as
well as the reliability and versatility of CPSQSVM are discussed in the theoretical analysis. In
addition, convergence of the algorithm and upper bound on the margin parameter are analyzed.
The feasibility and validity of the proposed method is verified by numerical experiments on some

artificial and benchmark datasets.
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A predefined-time robust gradient neural network for solving
absolute value equations

TANM LT TR

WREWZE: As optimization problems in fields such as integrated circuit design and artificial intel-
ligence continue to grow in scale and complexity, models centered on the absolute value operator
have emerged as powerful tools for capturing sparsity, robustness, and piecewise linear structures.
Among these, the system of absolute value equations constitutes a important subclass. In this work,
we investigate a predefined-time robust gradient neural network (PRGNN) designed to solve such
equations. The proposed PRGNN achieves convergence within a predefined time and demonstrates
complete resilience to both bounded vanishing and bounded non-vanishing noise. Moreover, it out-
performs several existing continuous-time models in terms of noise tolerance, particularly under
large constant noise. Numerical simulations confirm the theoretical results and highlight the effec-

tiveness of the approach.

Some results on optimality theories, methods and
applications in (set-valued) equilibrium problems
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Computing equilibria in network formation games
LY 7B PPN

EHHE: Networks are at the forefront of research in economics and operations research as pow-
erful tools to model social and economic interactions. While computing pairwise stable networks or
equilibria in network formation games is 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 a Pareto improvement of pairwise stable networks,

and their computation is formulated as a mixed integer programming problem.

Memory-efficient correlated noise for locally differentially
private momentum in distributed learning

SR KB K

REHZE: We propose a locally differentially private (LDP) distributed momentum algorithm with
correlated noise, given that each data sample participates multiple times in training. Therein,
correlated noise improves the utility over independent noise, whereas momentum accelerates the
convergence compared to stochastic gradient descent (SGD). Existing correlated noise mechanisms
for momentum incur high memory costs, hindering large-scale distributed learning. We address this
issue via a buffer linear Toeplitz (BLT) mechanism that enables memory-efficient correlated noise
injection, having a privacy guarantee while achieving a small approximation error. Theoretical anal-

ysis and numerical experiments validate the effectiveness of the proposed algorithm.

General group-sparse factorization for Schatten-q quasi norm
and its regularization for low-rank matrix recovery

WIF R

REFHE: Matrix factorization effectively scales low-rank recovery problems, yet existing bifactor
Schatten-¢ norm formulations lack generality for arbitrary ¢ € (0,1] and suffer from analytical
complexities due to nonconvexity. This paper introduces a universal group-sparse factorization for
the Schatten-g norm. We demonstrate a unique property: the Schatten-g norm implicitly endows
critical points with column orthogonality, a feature not shared by the nuclear norm. Based on this,

we define S-critical points, establish their proximity to the true matrix via error bounds, and prove
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that the resulting least-squares objective possesses the KL property with exponent 1/2. To solve
the model, we develop an inexact proximal alternating minimization method with robust conver-
gence guarantees. Numerical results confirm the efficiency of the algorithm and the validity of the

theoretical model.

Polynomial iteration complexity of a path-following
smoothing Newton method for symmetric cone programming

5K Fieg 2 Fa TR

REME: Whether polynomial iteration complexity can be established for smoothing Newton meth-
ods (SNMs) in symmetric cone programming (SCP) remains a long-standing open problem. A key
difficulty lies in the lack of an analogue of the self-concordant convex framework in interior-point
methods (IPMs). We address this problem by introducing a reduced smoothing barrier augmented
Lagrangian (SBAL) function and proving that it is self-concordant convex-concave, which extends
the classical self-concordant theory beyond the convex setting. In addition, the parameterized
smooth equations associated with SNMs are shown to be equivalent to the first-order optimality
conditions of a minimax problem whose objective is the reduced SBAL function. Motivated by this
equivalence, we propose a path-following smoothing Newton method (PFSNM). The reduced SBAL
function induces a central path and an associated neighborhood, which provide the estimates of
the Newton decrement needed for the path-following analysis. As a result, the method is proven
to achieve an iteration complexity of (y/vIn(1/¢)), matching the best-known short-step bound for
IPMs. Numerical results on standard benchmarks show that PFSNM is competitive with several
well-known interior-point solvers, providing computational support for the polynomial iteration

complexity.

Distributed projection neurodynamic approaches for solving
absolute value equations

5T LT TR R

R EIWZE: This study proposes a novel distributed projection neurodynamic framework for solving
continuous-time absolute value equations, leveraging the flexible block structure of the measurement
matrix A. By integrating the primal-dual dynamical system, projection operator, and second-order
multiagent consensus condition, we design a continuous-time distributed projection neurodynamic
approach (DPNA-CT-AVE) to accommodate large-scale distributed scenarios. We rigorously prove
the equivalence between the consensus optimal solution of the proposed distributed projection neuro-
dynamic approach and the optimal solution of AVE. Furthermore, we conduct numerical experiments
on sparse signal recovery, where the proposed approach is compared with existing algorithms. The
experimental results fully verify the effectiveness of the proposed algorithm in solving large-scale

AVE problems under distributed scenarios.
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Two-stage distributionally robust optimization of EV
charging stations under demand and disruption uncertainties

5K LT TRESAR R

REWWE: Electric vehicles (EVs) are rapidly advancing due to their proven benefits in enhanc-
ing energy efficiency and reducing emissions. However, their widespread adoption is hampered by
an insufficient and unevenly distributed charging infrastructure. We develop a two-stage distribu-
tionally robust optimization model (TDROM) for the optimal location and sizing of EV charging
stations under uncertainties in both travel demand and charging facility disruptions. TDROM is
reformulated as a mixed-integer linear program. For efficient solution, we propose a modified exact
algorithm based on column-and-constraint generation (C&CG) and introduce a robust Benders cut
generation strategy to accelerate convergence. Based on the actual road network of Tiexi District,
Shenyang, China, we integrate a temperature attenuation coefficient for demand estimation. Fur-

ther sensitivity analyses on key parameters provide valuable managerial insights.

STNAdam: A stochastic two-track Nesterov-accelerated
Adam method for nonconvex composite optimization

RS P2 L RHEK

R EHE: We propose STNAdam, a novel stochastic optimization algorithm, designed for “noncon-
vex + weakly-convex” composite problems. Unlike existing Adam variants, STNAdam introduces a
two-track iteration framework that maintains intertwined trajectories: an extrapolation track driven
by Nesterov momentum and a regular update track governed by Adam-style adaptive conditioning.
We show that STNAdam seamlessly integrates various variance-reduced stochastic gradient esti-
mators, such as SAGA, SVRG, SARAH and SPIDER, and the generated sequence converges to a
stationary point of original problem under expectation, achieving state-of-the-art oracle complex-
ities. We also provide the global convergence rate under the Kurdyka-f.ojasiewicz (KL) property.
Empirical results on low-light image enhancement tasks are presented to demonstrate the superior

performance of STNAdam in both convergence speed and image quality metrics.
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REME: We identify and analyze a fundamental limitation of the classical projected subgradient
method in nonsmooth convex optimization: the inevitable failure caused by the absence of valid sub-
gradients at boundary points. We show that, under standard step sizes for both convex and strongly
convex objectives, the method can fail after a single iteration with probability arbitrarily close to
one, even on simple problem instances. To overcome this limitation, we propose a novel alternative
termed the subgradient gliding method, which remains well defined without boundary subgradients
and avoids premature termination. Beyond resolving this foundational issue, the proposed frame-
work encompasses the classical projected subgradient method as a special case and substantially
enlarges its admissible step-size design space, providing greater flexibility for algorithmic design.
We establish optimal ergodic convergence rates, O(%) for convex problems and O(%)for strongly
convex problems, and further extend the framework to stochastic settings. Notably, our analysis
does not rely on global Lipschitz continuity of the objective function, requiring only mild control
on subgradient growth. Numerical experiments demonstrate that, in scenarios where the classi-
cal projected subgradient method fails completely, the proposed method converges reliably with
a 100% success rate and achieves orders-of-magnitude improvements in accuracy and convergence
speed. These results substantially expand the scope of subgradient-based optimization methods to

non-Lipschitz nonsmooth convex problems.

LMask: Learn to solve constrained routing problems
A 2 o E R U S R G R A R

W EHE: Routing problems are canonical combinatorial optimization tasks with wide-ranging ap-
plications. However, solving these problems becomes significantly more challenging when complex
constraints are involved. In this talk, we introduce LMask, a novel learning framework that uti-
lizes dynamic masking to generate high-quality feasible solutions for constrained routing problems.
LMask introduces the LazyMask decoding method, which lazily refines feasibility masks with the

backtracking mechanism. In addition, it employs the refinement intensity embedding to encode the
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search trace into the model. We provide theoretical guarantees for the validity and probabilistic op-
timality of our approach. Extensive experiments demonstrate that LMask achieves state-of-the-art

feasibility rates and solution quality.
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