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T BT Nature Communications (Nat. Com), Journal of Machine Learning Research (JMLR),
IEEE Transactions on Image Processing (TIP), Pattern Recognition (PR) 274 Edifa Ao [FIE, 4t
WS 5N THESWEFER, @G NewIPS. ICML. ICLR. CVPR. ICCV. AISTATS. UAI %.
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Faster Convergence and Acceleration for Diffusion-Based

Generative Models

Gen Li (Department of Statistics and Data Science, Chinese University of Hong Kong)
i [F]: 10.18 13:30-14:00

f& 4T : Gen Li is currently an assistant professor in the Department of Statistics and Data Science
at the Chinese University of Hong Kong. His research interests include diffusion based generative
model, and reinforcement learning.

#ZE: Diffusion models, which generate new data instances by learning to reverse a Markov dif-
fusion process from noise, have become a cornerstone in contemporary generative modeling. While
their practical power has now been widely recognized, the theoretical underpinnings remain underde-
veloped. Particularly, despite the recent surge of interest in accelerating sampling speed, convergence
theory for these acceleration techniques remains limited. In this talk, I will first introduce an acceler-
ation sampling scheme for stochastic samplers that provably improves the iteration complexity under
minimal assumptions. The second part focuses on diffusion-based language models, whose ability
to generate tokens in parallel significantly accelerates sampling relative to traditional autoregressive
methods. Adopting an information-theoretic lens, we establish a sharp convergence theory for dif-
fusion language models, thereby providing the first rigorous justification of both their efficiency and

fundamental limits.

=R A SRS E e

FAK (FiEEFR R GRIID BHER 50 B3 8%
ISFIE]: 10.18 14:00-14:30

B EAK, FPOORY: GRYD BRI R LA, RKHFEHR: &
DI £ 22 B oS 0. BT T 1A N KIE F A (BRY7) B, 2R KA. ATAMath A1 Human-
agent interaction, 43k%3 ' SIGIR 2017 Best Paper Award Honorable Mention, NAACL 2019 Best
Explainable NLP Paper, NLPCC 2022 Best Paper, Best Paper in ICLR 2025 Financial Al workshop,
H4ET NLPCC 2023 (&AL ERFEF EMNLP 2023 [f055 3% . S50 7 RIE%. iR S
BH . 9 AT ARHRIA CCF i s L2 F IUH 58, JFREIHEIE GPT R AEERHTE 2
TIRYNBC F AL B B E AL B e, MU I & BIRAR1S 56 — | AT BAKVL 5e 87 5%
AIMO 2 40, MR TAEZE] T Nature. CCTV. £RlBf R (Financial Times). MEREFHR . Z0EHT
. BT TR BRI A IRV AR ZE . IR 5 X BUR B SRE R IE -

R ARE RGUIEM I T AR ] 2 A KRR g b ) A SRR R R o (EROAEAEZ 1, 3k
TIRIEE 7 v B 2 038 B SO S5 8 52 ALLaVA-4V., KA AR BE 5 DA b B2 = 5 B 45
(HuatuoGPT-Vision), & 1 SR E T 2SR (40 LongLLaVA), Refig A &b 3 2 5K
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45 % (Area Chair) PAA 3DV 2025 KM (Industrial Chair)

WE: AEKRRENBESET 6 T RN ZESEMRBERGS BIERER . NWERS A5
AL gD A B Th s B UL R B gn g gs Bert, AR 1Al R BRI S5 1 B e A =X 5 v R s A
HRAR. ERALNGI T, W& E SRR TR T RER ISR BN 5%, RSN
O ROERES RS, I R PEBT L S, RATESS T 2B KB 7B & Ei ook
Know-how, JNSLELEIZL. Ao, ATH RN 2 BRI AL SRt 555



Agent FZS8EEE (10 A 18 H 13:00-15:00, St 2 £17, FfFE: HKEHR) 13

EREN

SRAESL: EWRHERY UMD ZFEHE LA, MetaGPT #7051 . HiR UK FAE ICLR. ICML.
NeurIPS. ACL. EMNLP %23k, JFEBIH 7E GitHub 2113813 5 /7 Star, A&V LIEWHE AFlow.
Foundation Agents. OpenManus . N AFTi: https://didiforgithub.github.io/
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ST B BN HEAT 2 3 o AT TAEHE AUTOIF. ARPO. RFT. Search-ol. WebThinker. Qwen2
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ERSREDERY T BT A ARPO @B IKEN I B 1& SRR, E S TR PR ahs
IYSCRFE, GG MRHBAEG T o) TRZRHAT . KRR ARPO fE 13 /NEAENNS i fE
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B4 : FHEA, Pine ATEKEEIAN. BRERER. BEENER “RADE, 2019 FAEER
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e R FIAR R SRGE N R e 56 A B R SO BIEROHLEIE G2, 8 RL JEIIZRETHE
FINGRIE s AR A A e 1 B sl @ TH U m R AR SS. ACE A NMERES R, H I
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BREEME: LA RS Gt SRR B Bz, FEH T MBI LA 5 2], ARz
it RTINS, LR TE R RS G B TR, e AR 2= U . R R R
MFF N A IR AT LR TR RS BT 2024 “RHEIHTEHR” HHEREET ()
ML) B58), P& 2025 CCF BRRTHREALRN A A0 SOt kil (324D, 3-8 N TR ety g
FAI-Seminar f1%&E/p N £ 01: www.tengjiaye.com.

What Makes Looped Transformers Perform Better Than

Non-Recursive Ones (Provably)

JREEME (M4 K280 S8R R A 22 BB PR 0%
Al 10.18 15:30-16:00

BRAEME: Bl E RPgit SEER R AR B R, BRI IT OB LA 2], Bz AL
g, ORI, BB R S B TR, FF SR AR A U . S RTE R
T AV IEE RIS LIRS A5 il 2024 “RIEEOIFITIIR BERE (4
LD B, P& 2025 CCF Bug it BRI 2w Mg ol (3844), I 9 N TR Befft i) 3k
FAI-Seminar & /p N EI: www.tengjiaye.coms

#ZE: While looped transformers (termed as Looped-Attn) often outperform standard trans-
formers (termed as Single-Attn) on complex reasoning tasks, the theoretical basis for this advantage
remains underexplored. In this paper, we explain this phenomenon through the lens of loss landscape
geometry, inspired by empirical observations of their distinct dynamics at both sample and Hessian
levels. To formalize this, we extend the River-Valley landscape model by distinguishing between U-
shaped valleys (flat) and V-shaped valleys (steep). Based on empirical observations, we conjecture that
the recursive architecture of Looped-Attn induces a landscape-level inductive bias towards River-V-
Valley. Theoretical derivations based on this inductive bias guarantee a better loss convergence along
the river due to valley hopping, and further encourage learning about complex patterns compared
to the River-U-Valley induced by Single-Attn. Building on this insight, we propose SHIFT (Staged
Hlerarchical Framework for Progressive Training), a staged training framework that accelerates the

training process of Looped-Attn while achieving comparable performances.
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& 30 REGAT S U085, HARNLER 2 S T2 21 NeurIPS. ICML 438 3% (Area Chair),
FAZRTS 2023 HEJE RS0 N TR e H AR R 3 — 454,
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B ETI, RS R ENRE SHEORER IR . W07 MONHLES 5 S R . Guit
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% 4H/E IEEE North American School of Information Theory (NASIT) 2024 BXAF2F )5 .
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PTG . RERX —WROHWSHENSR], (HILBRHLETIARB 780 47R . Ak Hl5E W2SG
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Efficient and Fast Training with new Zero-th order

Hybrid Optimizer

Ziye Ma ( Presidential Assistant Professor, City University of Hong Kong)
iflE): 10.18 17:00-17:30

{871 : The speaker Ziye Ma is currently a presidential assistant professor in the computer science
department at the City University of Hong Kong. Prior to this, he completed his PhD in the EECS
department at UC Berkeley under the guidance of Somayeh Sojoudi and Javad Lavaei. His research
is mostly focused on machine learning theory and Al foundation, with a particular emphasis on non-
convex optimization. His works have received several oral designations in top ML conferences, and he
has received the early career scheme from research grant council (RGC) of Hong Kong.

#ZE : Optimizing large-scale nonconvex problems, common in machine learning, demands balanc-
ing rapid convergence with computational efficiency. First-order (FO) stochastic methods like SVRG
provide fast convergence and good generalization but incur high costs due to full-batch gradients in
large models. Conversely, zeroth-order (ZO) algorithms reduce this burden using estimated gradi-
ents, yet their slow convergence in high-dimensional settings limits practicality. We introduce VAMO
(VAriance-reduced Mixed-gradient Optimizer), a stochastic variance-reduced method combining FO
mini-batch gradients with lightweight ZO finite-difference probes under an SVRG-style framework.
VAMO’s hybrid design uses a two-point ZO estimator to achieve a dimension-agnostic convergence
rate of O(1/T + 1/b), where T is the number of iterations and b is the batch-size, surpassing the
dimension-dependent slowdown of purely ZO methods and significantly improving over SGD’s O(1/4/T)
rate. Additionally, we propose a multi-point ZO variant that mitigates the O(1/b) error by adjusting
number of estimation points to balance convergence and cost, making it ideal for a whole range of
computationally constrained scenarios. Experiments including traditional neural network training and
LLM finetuning show VAMO outperforms established FO and ZO methods, offering a faster, more

flexible option for improved efficiency.
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Monte Carlo’s view of Al revolution

XN CEEBIRE R4 R RER TS EIRR R E0%)
FFA]: 10.19 08:30-09:15

B X%, REREERRE L, 2025 4F 8 AIMBEF K2 SEER Y R, HAEFERY
Mete EUUEE 2ER . XIZEAE 2015 F 1 FEEIEERZG U EI P OIHE LB B4, 2024 4, b
TENTERR IR A TAE, WS RFEN T g S8R R,

R ZEHAR AT B R 2 ST RE BB AR KBSt REER: BAEIHER K2 R
BB R L B BUR 28 B R0 1985 SEARHEML T AL RUR 280 &, 1991 4 1+ Bk - 2 af
Ko FEZEFLT 2002 FRGILK ARG B E MUK “ 2 K27 (COPSS Presidents’ Award),
e [ PRt it 22 A B S o R FE 308 R 56 [ E X A 2 8 2 1) CAREER Award, [H Ry
P Ei1T2% 4 Medallion Lecturer, {A%%#]2%22> Bernoulli Lecturer, 3€E#I St MEEH G144
ot (Fellow), RMMAE AR (Z4FE ), 2RSS NH BN, IST sis HECe R, 2%
GtV EBRSE (ZF—E) 5008, #HE 2025 5 H, MESKERTRYAZLE (U Science,
Nature, Cell, JASA, JMLR %) KPBF) FRFRRI 300 K M—AREL2E, #51H 9 HHRIK (Google
scholar). fC&FE'F T 40 2L+ 30 2L+ ).

R ZE BARAT P T S RS RO - B 5 125 Ul 1 Bk B Dk, 3o B R W R S R s (MICMC)
TIEWIB A T B IR HESR AR EOR, JF 2 M XSRS AT LR AMER . K
P by M BERSTSE V2 Uk FEAEYME B Tr i, X E AR “ Gibbs CR5T # SR A1 TR ST
72 3 J T oy b A3 T4 DNA A B 75 Hors T R P Rh it AT O B0, 78 1 e R R A &R
E RIS 7 A AR R DRI R o IR, X ZEBARAE Gt > BB AN 59205 T AT BUS — R 5 R
PEGERE, X OREE AL BT THI A H R

##%: Monte Carlo methods first appeared in early days (1945-55) of electronic computing. The
technique was named after the famed gambling resort because its procedures incorporate the element
of chance. Initially, statistical physicists introduced a Markov Chain-based dynamic Monte Carlo
method for the simulation of simple fluids. This method was later named as “Markov chain Monte
Carlo (MCMC)” and extended to cover more and more complex physical systems. At almost the same
time, a sequential (recursive) construction was proposed to simulate long chain polymers, which can
be seen as the ancestor of the popular “particle filters” (aka sequential Monte Carlo). Nowadays,
Monte Carlo has been widely used as a powerful computational tool for optimization and integration
in diverse fields, especially for various Al tasks. We will first review of Monte Carlo’ s history, and then
discuss a few recent directions and developments, e.g. Monte Carlo tree search, reparameterization,

diffusion sampling, resampling and optimal transport, and particle flow via variational approximation.
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An SE(3)-Transformer for Molecular Conformation

Optimization Driven by Wasserstein Gradient Flows

VRtE (R E N ROR 2SR N TR g 2e b KRR 20852)
SfIE]: 10.19 09:15-09:45
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#Z: Predicting molecular ground-state conformation (i.e., energy-minimized conformation) is
crucial for many chemical applications such as molecular docking and property prediction. Clas-
sic energy-based simulation is time-consuming when solving this problem, while existing learning-
based methods have advantages in computational efficiency but sacrifice accuracy and interpretabil-
ity. In this work, we propose a novel and effective method to bridge the energy-based simulation
and the learning-based strategy, which designs and learns a Wasserstein gradient flow-driven SE(3)-
Transformer, called WGFormer, for ground-state conformation prediction. Specifically, our method
tackles this task within an auto-encoding framework, which encodes low-quality conformations by
the proposed WGFormer and decodes corresponding ground-state conformations by an MLP. The
architecture of WGFormer corresponds to Wasserstein gradient flows — it optimizes conformations by
minimizing an energy function defined on the latent mixture models of atoms, thereby significantly
improving performance and interpretability. Extensive experiments demonstrate that our method
consistently outperforms state-of-the-art competitors, providing a new and insightful paradigm to

predict ground-state conformation.
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Self-Supervised Learning Empowers Scientific Discovery

in Life Science and Drug Discovery
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Image-Goal Representations are Atomic Control Units
for Foundation Models in Embodied Al

Li Zhao (Principal Researcher at Microsoft Research Asia Machine Learning Group)
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@77 : Li Zhao is a Principal Researcher at Microsoft Research Asia in the Machine Learning

Group. Her research interests include embodied Al, reinforcement learning, and natural language
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processing. She received her B.S. and Ph.D. in Computer Science from Tsinghua University, advised
by Professor Xiaoyan Zhu and Minlie Huang. She was a core contributor to the Mahjong AT system,
Suphx, the first Al system to reach the 10th Dan on the internationally renowned professional mahjong
platform ”"Tenhou” , surpassing most of top human players in the platform. Her work received ICDM
Best Student Paper Runner-up Award, and her research has also been applied to many Microsoft
products and their development, including machine translation, traffic control behind Teams, Xbox
automated game testing, etc.

2 : We present Image-Goal Representations (IGOR), aiming to learn a unified, semantically
consistent action space across human and various robots. Through this unified latent action space,
IGOR enables knowledge transfer among large-scale robot and human activity data. We achieve this
by compressing visual changes between an initial image and its goal state into latent actions. IGOR
allows us to generate latent action labels for internet-scale video data. This unified latent action space
enables the training of foundation policy and world models across a wide variety of tasks performed

by both robots and humans.
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Multivariate Conformal Prediction for Brain Volumetry
From Accelerated MRI
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{877 : Huaqing Jin is an assistant professor in the department of statistic and data science at
Tsinghua University. He completed his postdoctoral training at the University of California, San
Francisco (UCSF) and earned his PhD degree in statistics from the University of Hong Kong. His
research focuses on high-dimensional statistics, change point detection, and Bayesian statistics, with
a particular emphasis on applications in neuroimaging data analysis and clinical trials.

HZ: Accelerated Magnetic Resonance Imaging (MRI) is essential for clinical practice but in-
troduces uncertainty into brain volumetry. We propose a framework combining the semiparametric
modelling with Multivariate Conformal Prediction (MCP) to generate statistically-guaranteed predic-
tion sets for brain regions volumes.Our model-agnostic approach provides rigorous uncertainty bounds
without making distributional assumptions. Integrating the method with the reconstruction and seg-

mentation algorithms, a pipeline is developed to construct prediction sets directly from the k-space
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downsampled MRI measurements. The pipeline is validated on the Alzheimer’s Disease Neuroimaging
Initiative (ADNI) dataset, demonstrating its effectiveness. This work provides a practical tool to

enhance the reliability of volumetric biomarkers from accelerated MRI scans.

Features fusion or not: harnessing multiple pathological
foundation models using Meta-Encoder for downstream

tasks fine-tuning
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#Z: The emergence of diverse pathological foundation models has empowered computational
pathology tasks, including tumor classification, biomarker prediction, and gene expression prediction.
However, variations in model architecture and data sources lead to inconsistent downstream perfor-
mance and complicate centralized training. Specifically, the lack of data sharing makes retraining
foundation models with pooled data infeasible. Alternatively, the release of model parameters enables
combining multiple models during fine-tuning. Inspired by the meta-analysis method, we propose the
Meta-FEncoder framework, which integrates features from multiple foundation models to generate a
comprehensive representation, improving downstream fine-tuning task performance. Comparative ex-
periments demonstrate that Meta-Encoder is more effective than individual foundation models, with
its strengths more pronounced in handling complex tasks. While single models may perform sufficiently
well for simple tasks, Meta-Encoder can match or even surpass the best-performing single model, al-
leviating concerns over model selection. Moderately challenging tasks benefit from Meta-Encoder’s
concatenation or self-attention strategies, with the latter demonstrating superior performance in more
challenging scenarios. For highly complex tasks, such as high-dimensional gene expression prediction,
self-attention proves to be the most effective Meta-Encoder strategy, balancing feature integration
and computational efficiency. For three patch-level spatial gene expression prediction tasks (HEST-
Benchmark, CRC-inhouse, and Her2ST), the self-attentionstrategy improved the Pearson correlation
by 38.58%, 26.06%, and 20.39%, respectively, compared to the average performance of three patch-
level single models. Similarly, for the TCGA-BRCA, TCGA-NSCLC, and TCGA-CRC WSI-level bulk
gene expression prediction tasks, the Pearson correlation increased by 14.36%, 9.27%, and 42.55%,

respectively, compared to the average performance of two WSI-level single models. By leveraging
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multiple pathological foundation models using Meta-Encoder, it can further improve molecular char-

acterization in pathology images to advance precision oncology.
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% Clinical study protocols serve as foundational documents for trial execution but typically
exist in non-machine-readable formats, creating barriers to system integration and data exchange. Tra-
ditional protocol development is labor-intensive, error-prone, and constrained by tight timelines. This
presentation demonstrates how artificial intelligence can revolutionize protocol development through
digitalization and clinical content reuse. Al-driven implementation increases quality in a tight time-
line while maintaining regulatory compliance. Digital protocols enable seamless integration with
electronic systems and automate document generation, reducing manual data entry and minimizing
transcription errors. This transformative technology addresses critical industry challenges, and estab-
lishes foundations for accelerated drug development while improving patient outcomes through more

efficient clinical trial execution.
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#Z: Clinical trial emulation has emerged as an important approach in real-world drug research,
enabling investigators to replicate the design and analysis of randomized controlled trials using ob-
servational data. However, traditional emulation typically relies on expert knowledge and extensive
literature review to construct a hypothetical trial, a process that is often time-consuming and con-
strained by limited scalability. In this work, we develop a domain-specific large language model
(LLM) based AI agent trained with advanced direct preference optimization techniques to facilitate
semi-automated trial emulation. Given the drugs or interventions of interest, the agent generates a
complete hypothetical trial design, including detailed inclusion and exclusion criteria, treatment allo-
cation strategies, follow-up protocols, and outcome definitions. Building on this, the system leverages
LLM to align the hypothetical trial with the user’ s diverse private datasets, producing tailored data
extraction schemes that enable efficient retrieval of relevant patient cohorts and variables. This Al
agent significantly improves the efficiency and reduces the cost of conducting emulation studies for
researchers with heterogeneous, privately held data sources, expanding the accessibility and scalability

of real-world evidence generation.
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#ZE: Applying artificial intelligence to the design, operation, analysis, and interpretation of
clinical research will help improve efficiency. In this report, we will review the current applications
of artificial intelligence, especially large language models, in the field of enhancing clinical research

efficiency. We will also introduce our work in areas such as protocol review and virtual digital twins.
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