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Statistical priors in data manifolds
→ Generalization & Reliability

Structural priors in data instances
→ Performance & Interpretability

My Research: Scalable Priors for Foundation Models



Source: https://www.reddit.com/r/ProgrammerHumor/comments/5si1f0/machine_learning_approaches

Q: Can Large Models Solve Everything?

https://www.reddit.com/r/ProgrammerHumor/comments/5si1f0/machine_learning_approaches


Source: https://www.reddit.com/r/singularity/comments/1hdrjvq/ilyas_full_talk_at_neurips_2024_pretraining_as_we/
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No - 2. Priors Accelerate Scaling Laws

Source: https://blogs.nvidia.com/blog/ai-scaling-laws/
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Reasoning priors
accelerate the scaling laws!
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Part 1. Statistical Priors in Data Manifolds



Statistical Prior: What Does the Data Manifold Look Like?

Source: https://towardsdatascience.com/visualizing-topic-models-with-scatterpies-and-t-sne-f21f228f7b02
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Source: https://towardsdatascience.com/visualizing-topic-models-with-scatterpies-and-t-sne-f21f228f7b02
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1. Foundation models know how 𝑝(𝑥) is shaped

• SimCLR (contrastive learning) is an OOD detector for images
– CSI (Tack* & Mo* et al., NeurIPS’20)

• BERT (masked language modeling) is an OOD detector for texts
– MASKER (Moon* & Mo* et al., AAAI’21)



1. Foundation models know how 𝑝(𝑥) is shaped

• SimCLR (contrastive learning) is an OOD detector for images
– CSI (Tack* & Mo* et al., NeurIPS’20) → 730 citations, Qualcomm awards

• BERT (masked language modeling) is an OOD detector for texts
– MASKER (Moon* & Mo* et al., AAAI’21) → 42 citations



Application: Anomaly Detection in Manufacturing Data

Source: MVTec AD dataset



Application: Lifelong Learning in Evolving Worlds

Source: CLEAR paper



Statistical Prior: What Does the Data Manifold Look Like?

Source: https://towardsdatascience.com/visualizing-topic-models-with-scatterpies-and-t-sne-f21f228f7b02

1. Foundation models
know how 𝑝(𝑥) is shaped

2. Foundation models can be
improved by leveraging 𝑝(𝑥)
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2. Foundation models can be improved by leveraging 𝑝(𝑥)
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2. Foundation models can be improved by leveraging 𝑝(𝑥)

• Semi-supervised learning of image classifiers (DINO)
– RoPAWS (Mo et al., ICLR’23)

• Semi-supervised learning of vision-language models (CLIP)
– S-CLIP (Mo et al., NeurIPS’23)



Application: Foundation Models for Various Domains

Source: FAME-ViL paper



S-CLIP: Semi-supervised Vision-Language
Learning using Few Specialist Captions

Kyungmin Lee

NeurIPS 2023

Jinwoo ShinSangwoo Mo Minkyu Kim



Vision-language models (e.g., CLIP) are amazing!

Any class (by text)



Vision-language models (e.g., CLIP) are amazing!

Source: CIRR and StyleCLIP papers



…but only for standard domains (i.e., LAION-like)



CLIP for Specialist Domains?

(a) Remote sensing (b) Fashion (c) Scientific figure (d) Comics



CLIP for Specialist Domains?

(a) Remote sensing (b) Fashion (c) Scientific figure (d) Comics

Challenge: We don’t have many detailed captions



Solution: Semi-supervised learning (Semi-SL)

Source: https://www.researchgate.net/figure/Schematic-diagram-of-pseudo-labeling_fig2_341813397

Image-caption pairs Image only

https://www.researchgate.net/figure/Schematic-diagram-of-pseudo-labeling_fig2_341813397
https://www.researchgate.net/figure/Schematic-diagram-of-pseudo-labeling_fig2_341813397
https://www.researchgate.net/figure/Schematic-diagram-of-pseudo-labeling_fig2_341813397
https://www.researchgate.net/figure/Schematic-diagram-of-pseudo-labeling_fig2_341813397
https://www.researchgate.net/figure/Schematic-diagram-of-pseudo-labeling_fig2_341813397
https://www.researchgate.net/figure/Schematic-diagram-of-pseudo-labeling_fig2_341813397
https://www.researchgate.net/figure/Schematic-diagram-of-pseudo-labeling_fig2_341813397
https://www.researchgate.net/figure/Schematic-diagram-of-pseudo-labeling_fig2_341813397
https://www.researchgate.net/figure/Schematic-diagram-of-pseudo-labeling_fig2_341813397


Naïve Pseudo-Labeling (PL) Fails



Idea 1. Caption-level PL



Idea 1. Caption-level PL

Optimal Transport (OT) between labeled & unlabeled images
1) measure distance by visual similarity

2) avoid over-confidence using OT



Idea 2. Keyword-level PL



Idea 2. Keyword-level PL

Formulated as a Partial Label Learning (PLL) problem
1) estimate the likelihood of each element in the set

2) update the model with the current estimates and repeat 1



Training Objective of S-CLIP



Better Performance

Zero-shot classification

Image-text retrieval



Better Robustness

Labeled & unlabeled images come from different datasets



Part 2. Structural Priors in Data Instances



Structural Prior: What Does the Data Instance Look Like?

= ?



Structures in Vision

Source: https://math.hws.edu/graphicsbook/c2/s4.html
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1. Bottom-up: Images follow a scene hierarchy

• Scene hierarchy enhances image generation (GAN)
– InstaGAN (Mo et al., ICLR’19)

• Scene hierarchy enhances representation learning (MoCo)
– OACon (Mo* & Kang* et al., NeurIPS’21)



1. Bottom-up: Images follow a scene hierarchy

• Scene hierarchy enhances image generation (GAN)
– InstaGAN (Mo et al., ICLR’19) → 217 citations, Samsung awards

• Scene hierarchy enhances representation learning (MoCo)
– OACon (Mo* & Kang* et al., NeurIPS’21) → 51 citations, Qualcomm awards



Application: Fine-grained Image Manipulation



Application: Fine-grained Image Recognition

Source: VStar paper



Structures in Vision

Source: https://math.hws.edu/graphicsbook/c2/s4.html

1. Bottom-up: Images follow 
a scene hierarchy

2. Top-down: Perception is 
guided by context

https://math.hws.edu/graphicsbook/c2/s4.html


2. Top-down: Perception is guided by context

Source: https://www.popsci.com/story/diy/dalmatian-illusion/
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2. Top-down: Perception is guided by context

• Top-down feedback guides how to parse images (ViT)
– CAST (Ke* & Mo* et al., ICLR’24)

• Top-down feedback guides where to focus in context (CLIP)
– OAK (Wang* & Mo* et al., CVPR’25)



Application: Efficient Visual Processing

Source: Embodied Codebook paper



Application: Efficient Visual Processing

Source: Embodied Codebook paper

top-down
feedback



Structures are Everywhere

Source: https://www.grammar-monster.com/glossary/paragraph.htm, https://zilliz.com/learn/what-is-knowledge-graph
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Structures are Everywhere

• Hierarchical abstraction aids long-context understanding
– HOMER (Song et al., ICLR’24)

• Structured rationale aids knowledge-based reasoning
– SuRe (Kim et al., ICLR’24)



Open Ad-hoc Categorization with
Contextualized Feature Learning

CVPR 2025

Sangwoo Mo* Stella X. YuZilin Wang*

* Equal contribution

Liu RenSima Behpour



Is Categorization Solved?

Any class (by text)



CLIP works well for Basic Categories

Source: https://testyyettrying.blogspot.com/2013/07/sorting-by-category-free-speech-therapy.html
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However, Categorization is often Ad-hoc
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Categorization is often Open 

Source: https://momswhosave.com/family-camping-trip-checklist/

What else?
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Open Ad-hoc Categorization 

Source: https://momswhosave.com/family-camping-trip-checklist/

What else?

Semantics
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Open Ad-hoc Categorization 
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No Single Representation Rules Them All
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Our OAK Framework

1. Build on CLIP to leverage its general knowledge
2. Tune only the context token to adapt visual features
3. Top-down guidance from semantic cues
4. Bottom-up clustering of visual cues → novel clusters
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Semantic & Visual Cues are Both Necessary

Semantic only

Visual only

Use both
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Part 3. Future Research & Teaching Plan
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AI Core AI + Business

Two-track Research & Education

Current IME dept:
Focus on fundamentals

(math, stats, code)

+ My expertise:
Latest AI technology

Current IME dept:
Focus on classic sectors

(e.g., manufacturing)

+ My expertise:
New business insights
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Two-track Research & Education
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Statistical priors in data manifolds Structural priors in data instances

AI Core - Extend Scalable Priors



AI Core - Ongoing Projects

Reasoning Robotics

Generative models Vision-language 3D vision



AI Core - Community Service

CVPR’25 Pixel-level Vision Foundation Model (PixFoundation) Workshop

ICCV’25 Structural Priors for Vision (SP4V) Workshop

Antonio Torralba
(MIT)

Cordelia Schmid
(INRIA)

Hengshuang Zhao
(HKU)

Ishan Misra
(Meta)

Danfei Xu
(Georgia Tech)

Joao Carreira
(DeepMind)

Jiajun Wu
(Stanford)

Kristen Grauman
(UT Austin)

Saining Xie
(NYU)

Vincent Sitzmann
(MIT)
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AI + Business - Potential Collaborations
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