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R&EHE: Toward a Reliable Theory of In-Context Learning: From Mechanism to
Robustness

REME: In-context learning (ICL) enables language and sequence models to infer
tasks from a few demonstrations without updating their parameters. Despite its empiri-
cal success, a central theoretical question remains: what learning algorithm does a
model execute during inference, and when is its behavior reliable?

In this talk, we present a unified optimization-based view of ICL across Transformers
and Mamba state-space models. We first explain how changing contextual representa-
tions can induce a controlled shift in the effective prediction target, closely paralleling
a weight update. We then show how Transformer hidden states can carry an implicit
predictor and how attention and MLP layers approximate gradient descent on deep
neural-network parameters. This mechanism extends theoretical guarantees for ICL
beyond linear regression to classification and smooth function classes. Moving beyond
attention-only models, we analyze the duality between Mamba-2’'s structured
state-space duality layers and linear self-attention. A single SSD layer can realize one
gradient step, whereas hybrid SSD-LSA architectures preserve the information
required for multi-step approximate stochastic gradient descent. Expressive power
alone, however, does not guarantee reliable ICL. We therefore study prompt-order
sensitivity introduced by positional encoding and find that larger reorderings cause
greater prediction changes, while longer contexts reduce the effect of a fixed-size
perturbation. Together, these results show that a complete theory of ICL must explain
both what models learn from a prompt and how reliably they learn it.
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Image Processing, IEEE Trans.on Circuit System for Video Technology, IEEE Multimedia
Magazine FHTI%Z, |EEE ICME/ACM ICMR IEEZREZ R, ACM MM Asia 2024 X&
F /&, ACM MM Asia 2025/2023, ACM ICMR 2021/IEEE ICME 2021 X & 2 & £ &,
CVPR/ICCV/ECCV/ACM MM KW TIHEREE aRITEN TR FHITLERMITIRKEE,
REBEXM=R.CSIC ABEEFLRERE IRAZHZ UL THESFEEERS,
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REME: ETEXNFHNSESTARMSEMKRA, BEREARK. B5. ECFSH

EXER, WPRENZHENEABTXENRZERED AT, EXHRPHTEIEX
ERET, AARSHNNFREZSRERNRBREH TR, NETEBREE TEH
EHENBESEXYFTEZRHEN, NRRFRENER.ARSBERZDAFREHRR,
MNEG. AERT NIRRT AB=ABRRESR, BEREETIEXBER—BENER
wiEDE, MRBERESMS RIGRAREFREE,; #MEONMERTE, RITERHN
WIS FREURIPAISHIHNERBRERESENR, KEENMIIRN=HAKERES
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2024 £ IEEE Al “10 to Watch” A& MIT TR35 China it iR fRRIRIRSZSEARR, KHIE(E
ICCV.CVPR.NeurlPS.ICML 1 AAAI EFEIRTNK SN G EFE (Area Chair) .

REEH: ENAR=SHFNHREBIR, ERNRE

REME: Real-world Al systems perceive and act through continuous streams rather
than isolated images or completed videos.This makes streaming understanding and
generation essential for embodied agents,robotics,AR,and interactive multimodal
systems,where models must process incoming observations causally,maintain compact
memory,and produce stable outputs in real time.In this talk,] will present three recent
works toward this goal.First,| will discuss streaming depth perception,where single-im-
age geometry foundation models suffer from temporal scale—shift drift when applied
frame by frame.Our Dynamic Feature Normalization method stabilizes latent feature
statistics over time,enabling consistent streaming 3D reconstruction while preserving
the accuracy of the frozen pretrained backbone.Second,| will introduce streaming
vision-language understanding,focusing on spatial reasoning under partial observa-
tions,long-term memory,and active exploration.Third,l will discuss streaming genera-
tion,.where efficient long-video generation requires memory-efficient training,quan-
tized inference,and real-time decoding.Together,these works point toward a new para-
digm of streaming Al:systems that continuously perceive,remember,reason,and gener-

ate under real-world temporal and computational constraints.
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EMSESAEREFEANAR . IHCEERBAESKERSES, REEH—KAL
BREAZMEFENNERFRAME +RINBXRAKR LR [EEE Transactions on
Pattern Analysis and Machine Intelligence (T-PAMI) . International Journal of Computer
Vision (IJCV) FEPRINHEAFILAK CCF A XA EHI+ 150 £/, Google Scholar 51FIR
Higid 2 Bk, Hoh 21 BIEX A% ES| B#5] / BRIE X, 2019 F£E 2024 FELAER
EHEZSWEIRER, NEZEM/R 2024 " PESHS|IFE B8 I8/F IEEE TCSVT. IEEE
TNNLS.ACM TOMM EEIRIREIAFIMEIE R, HAES D CCF A XE RSN PEERHE
F& (Area Chair) ,RIRE5EREA T XBIZSRS .

BE, BEAZKEIYE, #S MRMEAATEEEMBERREE, £ Nature
Machine Intelligence. |IEEE TPAMI EHiT) . 2 &FRIEI 200 RFE, 518 10.5 ARIX,
X ZF1E DenseNet B2 5| i 6 5IRIRHBEEB. CAALL CSIG BARF—F2 . CVPR Best
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Chunhua Shen has been a University Chair Professor at Zhejiang University since
2022,where he serves as Deputy Director of the State Key Laboratory of CAD&CG and
leads research in artificial intelligence,machine learning,and computer vision.Prior to
joining Zhejiang University,he spent nearly two decades in Australia,holding key posi-
tions including:Principal Applied Scientist at Amazon Australia,Full Professor at the
University of Adelaide and the Australian Institute for Machine Learning,and Chief
Investigator at the Australian Centre for Robotic Vision,National ICT Australia(NIC-
TA),and the Australian National University.

He earned his BSc and MSc from Nanjing University,an MPhil from the Australian
National University,and a PhD from the University of Adelaide,Australia.His research
centers on computer vision,statistical machine learning,and multi-modal models,with
influential contributions to anchor-free object detection(e.g.,FCOS)and deep learning
fundamentals.As a highly cited scholar,his Google Scholar citations exceed 100,000 as
of May 2026,with an H-index of 152.Several of his research outputs,including image
parsing and object detection technologies,have been successfully deployed on tens of
millions of mobile devices and applied in autonomous driving scenarios.His honors
include the Australian Research Council Future Fellowship(2012)and the Chang Jiang
Scholars Distinguished Professorship(2022).
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RERHE: Multi-Modal Models for Embodied Intelligence with Geometry-Aware
Generation and Reasoning

REME: This talk presents our advances in bridging multi-modal models with
embodied intelligence by focusing on 3D/4D scene construction and genera-
tion,reinforcement learning-based visual reasoning,and geometry-aligned video
synthesis.We first introduce methods for accurate 3D representation and 4D
dynamic scene reconstruction from multi-modal inputs.We then leverage rein-
forcement learning to enable robust reasoning over images and videos for sequen-
tial decision-making.To improve physical consistency,we explicitly inject camera
pose information into video generation frameworks,producing geometrically
aligned and spatially coherent outputs.These contributions enhance the percep-
tion,reasoning,and generation capabilities of embodied systems,supporting more

reliable and realistic interactions in dynamic environments.
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Editor) .
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REREE: SpectraAl: Al-Driven Molecular Identification and Discovery

& & 1 ZE: Molecular identification and discovery play a pivotal role in biochemical
analysis, environmental governance, customs inspection, and other critical fields.
Spectroscopic instruments, including mass spectrometry, infrared spectroscopy, nu-
clear magnetic resonance (NMR) spectroscopy, and X-ray spectroscopy, are funda-
mental tools for exploring the microscopic molecular world. However, current spectro-
scopic data analysis methods for molecular identification and discovery primarily rely
on database searching and human professional expertise. These approaches face
inherent limitations: they struggle to identify and discover novel molecules beyond ex-
isting databases, while suffering from low analysis efficiency, poor accuracy, and high
costs. To address these challenges, we have conducted systematic research, explora-
tion, and system development across multiple dimensions: data collection and clean-
ing, the development of a family of spectroscopic large foundation models, the cre-
ation of Al Agents for spectroscopic analysis, algorithm design grounded in biochemi-
cal principles, and practical application deployment in biomedicine and environmental
protection. In this talk, | will elaborate on the research framework of SpectraAl and its

latest progress, while highlighting promising research directions for future.
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