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Introduction to Tianyuan Mathematics Research Center

(TYMRC)

The Tianyuan Mathematics Research Center (established in July 2023) is
jointly supported by the Chinese Academy of Sciences, the National Natural
Science Foundation of China, the Chinese Mathematical Society, the Academy
of Mathematics and Systems Science of the Chinese Academy of Sciences, and
relevant departments of Kunming City. It aims to build a platform for academic
exchange in mathematics and interdisciplinary applications, enhance China’s
overall mathematical research level, and become a world-class center for
mathematical exchange and collaborative research.

It is located in the national-level public welfare forest in the Chaishitan
Reservoir area of Yiliang, Kunming, Yunnan Province, surrounded by
mountains on three sides and facing water on one side. The center has a total
land area of about 27,000 square meters, with three two-story main buildings,
namely the Research Building, the Expert Building and the Logistics Building,
which can accommodate nearly 200 people for academic activities, and are
equipped with a library and reading room, a restaurant and a certain number of
offices and guest rooms.

The center has a total construction area of approximately 6,000 square
meters. It features a main lecture hall (capacity: 100 people, equipped with an
HD LED screen), one medium-sized seminar room, four small meeting rooms,
21 seminar/workshop rooms, one library and reading room, and one café. The
Expert Building is equipped with 56 guest rooms, as well as supporting

facilities such as a self-service laundry room and a public lounge.

Official website: http://tianyuan.amss.ac.cn/
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Conference Information

I. Seminar Theme, Content, and Significance:

In wireless communications, mathematics serves as the core engine driving
technological evolution. Many critical problems in wireless system design are
essentially optimization problems. From waveform design in modulation and
demodulation to dynamic spectrum resource allocation, and from multi-user
interference mitigation to the balance between network coverage and capacity,
every advance relies on solving target functions, breaking through constraint
boundaries, and exploring efficiency limits.

Since Shannon’s information theory quantitatively revealed the ultimate
limits of communication systems, every leap forward in wireless
communications has been tightly coupled with mathematical breakthroughs.
From cellular network topology optimization relying on graph theory and
stochastic processes, to MIMO technology achieving spatial multiplexing gains
via matrix theory, to 5G polar codes overcoming channel coding challenges
based on channel polarization theory, mathematics has consistently provided a
rigorous theoretical framework and practical paths for innovation.

Grounded in this core logic, this symposium focuses on mathematical
algorithm innovation and complex problem analysis for next-generation
communication systems. By bringing together scholars across applied
mathematics, operational research and optimization, communication
engineering, and machine learning, this cross-disciplinary platform aims to: on
one hand, explore challenging cross-domain issues—such as efficient solutions
for resource scheduling optimization, theoretical analysis of novel network
architectures using information theory, and the integration boundaries between
deep learning and traditional communication algorithms; on the other hand,
translate theoretical achievements into practical communication technologies,
while feeding back engineering challenges to mathematical research. This
fosters a virtuous cycle of "theoretical breakthroughs driving technology, and
practical challenges refining theory," ultimately accelerating foundational
breakthroughs for next-generation wireless communications.



II. Program Schedule:
Check-in: August 2, 2026
Talks: August 3 - August 7, 2026

Departure: August 8, 2026
Venue: Tianyuan Mathematics Research Center (Chishitan Reservoir, Yiliang

County, Kunming, Yunnan Province)

III. Practical Information:

1. This seminar is financially supported by the TYMRC. Accommodation and
meals for participants will be covered by the Center. All other expenses
(including round-trip transportation) shall be borne by the participants
themselves.

2. The Center will arrange shuttle services to/from the following locations:
Kunming High-Speed Railway Station, Kunming Changshui International
Airport, and downtown Kunming. Participants are kindly requested to log
in to the project management system (http://tianyuanpm.amss.ac.cn/) in a
timely manner to register their travel information.

3. As the Center is located at a considerable distance from the nearest hospital,
participants are advised to bring an adequate supply of essential personal
medications.

4. Conference Contact:

Mingjie Shao: 18110075677
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8:45-9:00 HE#A AR Opening Ceremony & Group Photo
A< (8] wEA & FHA
Time Speaker Title of talk Chair
9:00 - 9:45 DIV Ik — ] 3 14 O 4% R B0 S A XI) Y
9:45-10:30 WMitE AIE R 46 50 5 Carathéodory-Fejér & # XI) 3P
10:30 - 11:00 114 (Discussion over coffee)
11:00 - 11:45 vk Recent Progress on Multllevel Diversity i
Coding
11:45 - 14:00 “F% (Lunch Break)
‘ B BOE R A AR ? ——
. _ . il BR HA A
Distributionally robust probabilistic set
14:45 - 15:30 R A5 1 covering problems under Wasserstein ABBHZAS
ambiguity
15:30 - 16:00 ¥ (Discussion over coffee)
. . 4 6G =i 8B IE 151t OFDM, OTFS, o~
16:00 - 16:45 LR or DD-a-OFDM? (ENEA]
16:45 %% (Dinner Break)
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to Wasserstein Radii Being Small or Large
12:30 - 14:00 % (Lunch Break)
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16:30 %% (Dinner Break)
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P p g
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9:45 - 10:30 UK Equivalence of Maximin and Minimax T
SINR Problems
10:30 - 11:00 1714 (Discussion over coffee)

) ) U Physics-Guided Foundation Models for IS
11:00 - 11:45 e Wireless Communications and Sensing w
11:45 - 14:00 4% (Lunch Break)
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14:45 - 15:30 West Ui N 38845 LA agenzﬁ'ﬁ 1334t harness £ o~
15:30 - 16:00 714 (Discussion over coffee)
16:00 - 16:45 ol Generalized Quadrz‘ltic‘Transform and Its T IR
Application
16:45 %% (Dinner Break)




S HFEM (Schedule IV)

8A 6 H (AWM Thursday)
A<f[E] wEA &L H EXCIN
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9:00 - 9-45 Fi Pr0x1ma1—Ba§ed Generative Modeling for g
Bayesian Inverse Problems
Reducing The Sub-packetization of Optimal-
9:45 -10:30 K FEAS Access Cooperative MSR Codes With Two S
Erasures
10:30 - 11:00 7412 (Discussion over coffee)
11:00 - 11:45 Pk Radio map'cor%structlon for‘w1r'eless IR
communication and localization
12:30 - 14:00 4% (Lunch Break)
14:00 - 16:30 FREE DISCUSSION
16:30 %% (Dinner Break)
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Time Speaker Title of talk Chair
9:00-11:00 FREE DISCUSSION
11:00 - 14:00 4% (Lunch Break)
14:00 - 16:30 FREE DISCUSSION
16:30 .4 (Dinner Break)
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Title: Mt — 1 12 1) % 2% pR 011 5 %% i ( Uniquely-decodable coding for network
function computation )

Abstract: Uniquely-decodable coding for zero-error network function computation
will be introduced in this talk, where in a directed acyclic graph, the single sink node
is required to compute with zero error a target function multiple times, whose
arguments are the information sources generated at source nodes. We are interested in
the computing capacity from the information theoretic point of view, which is defined
as the infimum of the maximum expected number of bits transmitted on all the edges
for computing the target function once on average. We first prove some new results on
clique entropy, in particular, the substitution lemma of clique entropy for probabilistic
graphs with a certain condition. With them, we prove a lower bound on the computing
capacity associated with clique entropies of the induced characteristic graphs, where
the obtained lower bound is applicable to arbitrary network topologies, arbitrary
information sources, and arbitrary target functions. By refining the probability
distribution of information sources, we further strictly improve the obtained lower
bound. In addition, we compare uniquely-decodable network function-computing
coding and fixed-length network function-computing coding, and show that the
former indeed outperforms the latter in terms of the computing capacity.
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Title: Recent Progress on Multilevel Diversity Coding

Abstract: Multilevel diversity coding is a classical coding model where multiple
mutually independent information messages are encoded, such that different
reliability requirements can be afforded to different messages. It is well known that
superposition coding, namely separately encoding the independent messages, is
optimal for symmetric multilevel diversity coding (SMDC). However, the existing
characterization of the coding rate region involves uncountably many linear
inequalities. In this talk, we obtain in closed form a finite set of linear inequalities for
characterizing the coding rate region. We further show by the symmetry of the
problem that only a much smaller subset of this finite set of inequalities needs to be
verified in determining the achievability of a given rate tuple. The secure settings of
SMDC are further considered, and the optimality conditions for superposition coding
and its relation with secret sharing are characterized.
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Title: Distributionally robust probabilistic set covering problems under Wasserstein
ambiguity

Abstract: We consider the distributionally robust probabilistic set covering problem
(DR-PSCP) with right-hand-side uncertainty under Wasserstein ambiguity. Standard
reformulation techniques yield a mixed-integer linear programming (MILP)
formulation that often suffers from a weak linear programming relaxation and a large
problem size, particularly when the number of scenarios is large. In this talk, we
present a new MILP formulation that offers two key advantages over the standard
formulation: (i) a significantly stronger linear programming relaxation and (ii) a
substantially more compact representation. Moreover, the proposed formulation is
particularly amenable to decomposition, enabling the development of scalable
solution methods for large-scale DR-PSCPs. Numerical results demonstrate the
computational effectiveness of the proposed formulation.

PEE, HRTEKRE, TH

Title: 6G = 3 AH % it: OFDM, OTFS, or DD-a-OFDM?

Abstract: A5 RIS 6G w2 M@ (S G Berh R @, RGN A IE
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Title: A [RALKAF B0 EAEEIS I 7T
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Title: Unified framework for outage-constrained rate maximization in secure ISAC
Abstract: Integrated sensing and communication (ISAC) is poised to redefine the
landscape of wireless networks by seamlessly combining data transmission and
environmental sensing. However, ISAC systems remain susceptible to eavesdropping,
especially under uncertainty in eavesdroppers’  channel state information, which can
lead to secrecy outages. On the other hand, diverse and complex sensing performance
requirements further complicate resource optimization, often requiring custom
solutions for each scenario. To this end, this paper introduces a unified optimization
framework that holistically addresses both the worst-case user secrecy rate and the
sum secrecy rate across multiple users. Besides putting the two commonly used
objectives into a single but flexible objective function, the framework accurately
controls secrecy outage probabilities while accommodating a broad spectrum of
sensing constraints. To solve such a general problem, we integrate the sensing
requirements into the objective function through an auxiliary variable. This enables
efficient alternating optimization and the proposed approach is theoretically
guaranteed to converge to at least a stationary point of the original problem. Extensive
simulation results show that the proposed framework consistently achieves higher
optimized secrecy rates under various sensing constraints compared to existing
methods. These results underscore the proposed unified framework’ s superiority and
versatility in secure ISAC systems.
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Title: Exactly or Approximately Wasserstein Distributionally Robust Estimation
According to Wasserstein Radii Being Small or Large

Abstract: This talk primarily considers the robust estimation problem under
Wasserstein distance constraints on the parameter and noise distributions in the linear
measurement model with additive noise, which can be formulated as an infinite-
dimensional nonconvex minimax problem. We prove that the existence of a saddle
point for this problem is equivalent to that for a finite-dimensional minimax problem,
and give a counterexample demonstrating that the saddle point may not exist.
Motivated by this observation, we present a verifiable necessary and sufficient
condition whose parameters can be derived from a convex problem and its dual.
Additionally, we also introduce a simplified sufficient condition, which intuitively
indicates that when the Wasserstein radii are small enough, the saddle point always
exists. In the absence of the saddle point, we solve a finite-dimensional nonconvex
minimax problem, obtained by restricting the estimator to be linear. Its optimal value
establishes an upper bound on the robust estimation problem, while its optimal
solution yields a robust linear estimator. Numerical experiments are also provided to
validate our theoretical results.

ZRE, EFREITRE, FE

Title: A Robust EDM Optimization Approach for 3D Single-Source Localization with
Angle and Range Measurements

Abstract: Accurate source localization in Multi-Platform Radar Networks (MPRNs)
benefits from exploiting both range and angle measurements under robust estimation.
In this paper, we propose a robust Euclidean distance matrix (EDM) optimization
model that simultaneously integrates range measurements, angle information, and the
least absolute deviation (£1-norm) criterion for the case of 3D single-source
localization (3DSSL). A key theoretical contribution of this work is the rigorous
reformulation of existing 3D angle measurements into simple box constraints on the
Euclidean distances. Unlike previous approximations, we achieve this by reducing
each of the 3D angle measurements to a two-dimensional nonlinear optimization
problem, whose global minimum and maximum solutions can be characterized and
utilized to get the lower and upper bounds of the distances from the unknown source
to the sensors. To solve the resulting rank-constrained EDM problem, we develop an
efficient algorithm based on the majorization penalty method. Extensive numerical
experiments confirm that the new EDM model significantly outperforms leading
solvers in terms of localization accuracy and computational efficiency, particularly in
low Signal-to-Noise Ratio (SNR) scenarios.
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Title: Optimal Robust Adaptive Beamforming for a General-Rank Signal Model via
Equivalence of Maximin and Minimax SINR Problems

Abstract: The globally optimal robust adaptive beamforming (RAB) solution is
studied for worst-case signal-to-interference-plus-noise ratio (SINR) maximization
(the maximin SINR problem) under convex and closed uncertainty sets for the desired
signal covariance and interference plus-noise covariance (INC) matrices, considering
a general-rank signal model. First, the corresponding minimax SINR problem is
reformulated as a convex optimization problem. In particular, this problem becomes a
semidefinite programming (SDP) problem when the uncertainty sets can be
represented by finitely many linear matrix inequality constraints. It is then shown that,
for a general-rank signal model, the maximin and minimax SINR problems are
equivalent when the uncertainty sets are convex and closed, in the sense that they
share the same optimal value and the same set of optimal solutions. The requirement
of closedness is weaker than the compactness assumption previously used to establish
the equivalence between minimax and maximin SINR problems for the rank-one
signal model, a state-of-the-art result reported approximately two decades ago.
Consequently, an optimal solution to the minimax SINR problem is also globally
optimal for the maximin SINR problem, and this solution can be obtained by solving
the equivalent SDP of the minimax problem in a single step. In contrast, existing
iterative approximation algorithms for the maximin SINR problem yield only locally
optimal solutions. Simulation results validate the theoretical results proposed.

e, KEKZE, THE

Title: Physics-Guided Foundation Models for Wireless Communications and Sensing
Abstract: Deep learning (DL) has been widely used in future physical layer
communications and sensing, but task-specific DL models are difficult to generalize
across different physical layer tasks. Recently emerging wireless foundation models
demonstrate strong generalization capability. However, existing methods mainly adapt
pretrained language/vision models or rely on CSI reconstruction objectives for
pretraining, with limited use of channel knowledge, and thus have limited
performance. To address this limitation, we propose several physics-guided
foundation models for wireless communications and sensing by exploiting the domain
knowledge. Experiments on several wireless and sensing tasks show that the proposed
physics-guided wireless foundation models outperform state-of-the art CSI foundation
models with smaller number of parameters.
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Title: Generalized Quadratic Transform and Its Application
Abstract:

EiEHE, WIKR%E, T

Title: Proximal-Based Generative Modeling for Bayesian Inverse Problems

Abstract: Score-based diffusion models demonstrate superior performance in
generative tasks but encounter fundamental bottlenecks in inverse problems due to the
analytical intractability of the time-dependent likelihood score. To bridge this gap, we
propose a novel proximal-based generative modeling (PGM) framework that
rigorously circumvents explicit likelihood evaluation. Our framework is built upon a
theoretical equivalence between Gaussian convolution in diffusion processes and
Moreau-Yosida regularization in nonsmooth optimization. This enables a new
sampling mechanism driven by the proposed Moreau score, which admits a closed-
form expression via proximal operators. Moreover, we introduce Moreau score
matching to learn the proximal operators that rely solely on samples drawn from the
prior distribution. Theoretically, PGM eliminates the early-stopping bias inherent in
the score-based diffusion model and achieves non-asymptotic convergence.
Experiments demonstrate that PGM significantly surpasses state-of-the-art methods in
reconstruction quality and sampling time.
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Title: Reducing The Sub-packetization of Optimal-Access Cooperative MSR Codes
With Two Erasures

Abstract: Cooperative MSR codes are a kind of storage codes which enable optimal-
bandwidth repair of any h node erasures in a cooperative way, while retaining the
minimum storage as an [n,k] MDS code. In particular, a cooperative MSR code is said
to have optimal-access property, if during node repair, the amount of data accessed at
each helper node meets a theoretical lower bound. Each code coordinate (node) is
assumed to store an array of I symbols, where 1 is termed as sub-packetization. Large
sub-packetization tends to induce high complexity, large input/output (I/O) in practice.
In this talk, we focus on reducing the sub-packetization of optimal-access cooperative
MSR codes repairing two erasures. At first, we design two crucial MDS array codes
for cooperatively repairing a specific repair pattern of two erasures with optimal
access. Then, using the two codes as building blocks and by stacking up of the two
codes for several times, we obtain an optimal-access cooperative MSR code with two
erasures. The derived code has much smaller sub-packetization than the state of the
art.

NG, BEIRTT RS, T HE

Title: Radio map construction for wireless communication and localization

Abstract: Radio maps have emerged as a critical enabler for next-generation wireless
communication and localization systems. By characterizing the spatial variation of
received signal strength, radio maps support a wide range of functions, including
beamforming, resource allocation, UAV trajectory design, and source localization.
However, constructing accurate radio maps in practice remains challenging due to the
sparse, irregular, and noise-contaminated nature of real-world measurements. This
talk will present several recent advances in radio-map reconstruction that integrate
physical modeling with data-driven learning. The discussion will cover interpolation-
assisted matrix completion for exploiting spatial smoothness, and tensor-based
reconstruction frameworks that incorporate geometric interpolation together with
structural priors. A plug-and-play framework with a flow-matching prior is also
introduced to enable accurate reconstruction and uncertainty-driven active learning.
Collectively, these approaches provide a principled and scalable methodology for
recovering high-resolution radio maps under limited sensing budgets.



