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Announcements
- Project proposal is due Wed Oct 23
- Discussion presentation and question-asking assignments posted on Ed -

check for your assignment and fill in your email address in the spreadsheet 
(see instructions)

- First discussion section is Mon Nov 4
- A2 (second paper analysis) will be released Oct 30, and due Nov 14
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Finishing up from last lecture:
Vision Diffusion and Generative Models in 

Biomedicine
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AlphaFold 3

- Diffusion-based architecture that predicts the joint 3D structure of complexes 
including proteins, nucleic acids, small molecules, etc. from sequences  

Abramson et al. Accurate structure prediction of biomolecular interactions with AlphaFold 3. Nature 2024.
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AlphaFold 3: a bird’s eye view

Abramson et al. Accurate structure prediction of biomolecular interactions with AlphaFold 3. Nature 2024.
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AlphaFold 3: a bird’s eye view

Abramson et al. Accurate structure prediction of biomolecular interactions with AlphaFold 3. Nature 2024.

Process and initially embed 
inputs
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AlphaFold 3: a bird’s eye view

Abramson et al. Accurate structure prediction of biomolecular interactions with AlphaFold 3. Nature 2024.

Transform inputs into 
powerful representations to 
condition diffusion model
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AlphaFold 3: a bird’s eye view

Abramson et al. Accurate structure prediction of biomolecular interactions with AlphaFold 3. Nature 2024.

Starting from random atom 
coordinates (noise), use conditional 
diffusion model to generate refined 
coordinate values (i.e. 3D structure) 
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RFdiffusion: designing protein 
structures based on functional 
constraints (conditions)

Watson et al. De novo design of protein structure and function with RFdiffusion. 
Nature 2023.

Generated output is still 3D protein 
structure (similar to AlphaFold 2, not the 
more diverse outputs of AlphaFold 3), 
but conditioning is now based on 
embedding functional conditions such as 
a desired binding target, functional motif, 
etc. 
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RFdiffusion: designing protein 
structures based on functional 
constraints (conditions)

Watson et al. De novo design of protein structure and function with RFdiffusion. Nature 2023.

Compared to RosaTTAFold (the authors’ previous work 
performing sequence-based prediction similar to AlphaFold), 

RFdiffusion no longer uses an input sequence as input

Core diffusion model looks familiar: generating a valid 3D 
protein structure from a starting noise structure
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Next:
Vision-Language Generative Models
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Preliminary
Language Models
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Autoregressive Language Models

LARGE LANGUAGE MODELS WITH TRANSFORMERS (Daniel Jurafsky & James H. Martin 2024)
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Autoregressive Language Models

Credit: CS326

Joint distribution with chain rule of probability:
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Autoregressive Language Models

Credit: https://lena-voita.github.io/nlp_course/language_modeling.html#intro



Serena Yeung-Levy 
Xiaohan Wang BIODS 276: Adv. Topics in CV and Biomedicine Lecture 9 - 16

Autoregressive Language Models

Credit: https://lena-voita.github.io/nlp_course/language_modeling.html#intro
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Why “Large” Language Models

Scaling Laws (Kaplan et al. 2020)

Empirically: more data and larger models => better performance
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Why “Large” Language Models

Emergent Abilities (Wei et al. 2020)

Scaling up LMs produces new emergent behavior, leading to qualitatively 
different capabilities and qualitatively different societal impact.
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Why “Large” Language Models
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How to Link Vision to LLMs?
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How to Link Vision to LLMs?

Internal Linkage → Vision-Language Models

External Linkage → Vision-Language Agents
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How to Link Vision to LLMs?

Internal Linkage → Vision-Language Models

❖ Architecture

External Linkage → Vision-Language Agents
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Integrate Visual Features into Intermedia Layers

Flamingo (Alayrac et al. 2022)

Vision Encoder: from 
pixels to features, 
CLIP-style Models

Perceiver Resampler: 
from varying-size 
large feature maps to 
few visual tokens

LLM: 
Chinchilla

https://en.wikipedia.org/wiki/Chinchilla_(language_model)
https://en.wikipedia.org/wiki/Chinchilla_(language_model)


Serena Yeung-Levy 
Xiaohan Wang BIODS 276: Adv. Topics in CV and Biomedicine Lecture 9 - 24

Integrate Visual Features into Intermedia Layers

Flamingo (Alayrac et al. 2022)



Serena Yeung-Levy 
Xiaohan Wang BIODS 276: Adv. Topics in CV and Biomedicine Lecture 9 - 25

Integrate Visual Features into Input Layer

BLIP-2 (Li et al. 2023)

CLIP Vision Encoder
ViT-L/14

OPT/FlanT5
12-layer Transformer
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Integrate Visual Features into Input Layer

BLIP-2 (Li et al. 2023)
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Integrate Visual Features into Input Layer

LLaVA (Liu et al. 2023)

CLIP Vision Encoder
ViT-L/14

MLP

Stage 1: Pre-training for Feature Alignment
Stage 2: Fine-tuning End-to-End (𝑊 𝑎𝑛𝑑 ∅ )

Vicuna
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Integrate Visual Patches into Input Layer

Fuyu (Rohan et al. 2023)
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Which One is the Best?
Architecture
❖ Integrate Visual Features into Intermedia Layers
❖ Integrate Visual Features into Input Layer
❖ Integrate Visual Patches into Input Layer
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How to Link Vision to LLMs?

Internal Linkage → Vision-Language Models

❖ Architecture
❖ Evaluation

External Linkage → Vision-Language Agents
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Evaluation Task: Visual Question Answering

Examples of QA from the GQA dataset
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Evaluation Task: Visual Question Answering

Examples of QA from MathVista
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Clustering the Benchmarks

“General” in green, “Knowledge” in yellow, “Chart & OCR” in red, and “Vision-Centric” in blue
Cambrian-1 (Tong et al. 2024)
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Holistic Evaluation

VHELM (Lee et al. 2024)

VHELM aggregates various datasets to cover one or more of the 9 aspects: visual 
perception, bias, fairness, knowledge, multilinguality, reasoning, robustness, safety, 
and toxicity.
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Human Evaluation: Multimodal Chatbot Arena

Multimodal Arena (Chou et al. 2024)
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Which One is the Best?
Architecture
❖ Integrate Visual Features into Intermedia Layers
❖ Integrate Visual Features into Input Layer
❖ Integrate Visual Patches into Input Layer
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Which One is the Best?
Architecture
❖ Integrate Visual Features into Intermedia Layers
❖ Integrate Visual Features into Input Layer
❖ Integrate Visual Patches into Input Layer

Architectures of GPT-4, Gemini 1.5, and Claude 3?

- Details Unknown

Based on the latest open-sourced information

- the LLaVA-style VLM (Architecture + Training Recipe) is most 
effective. (2024/10)  
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How to Link Vision to LLMs?

Internal Linkage → Vision-Language Models

❖ Architecture
❖ Evaluation
❖ Training Recipe

External Linkage → Vision-Language Agents
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Formulation

LLaVA (Liu et al. 2023)
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Stage 1: Pre-training

Goal: Align visual features to LLM’s word embedding space

Data: Converted from image captioning data 
➢ 595K image-text pairs filtered from CC3M
➢ convert to instruction-following format

Trainable Parameters 
➢ Only 𝑊

LLaVA (Liu et al. 2023)
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Stage 2: Instruction Tuning (Supervised Finetuning)

Goal: Visual Captioner → Visual Assistant (Follow user’s instructions)

Data: leverage ChatGPT/GPT-4 for multimodal instruction-following data collection
➢ 158K language-image instruction-following data
➢ 3 Types: Conversation (Multi-Turn), Detailed description, Complex reasoning

Trainable Parameters 
➢ {𝑊, ∅}

LLaVA (Liu et al. 2023)
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Stage 2: Instruction Tuning (Supervised Finetuning)

LLaVA (Liu et al. 2023)
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How to Link Vision to LLMs?

Internal Linkage → Vision-Language Models

❖ Architecture
❖ Evaluation
❖ Training Recipe
❖ Improvement

External Linkage → Vision-Language Agents
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How to improve the LLaVA-style VLM?

Cambrian-1 (Tong et al. 2024)
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Visual Representations

Cambrian-1 (Tong et al. 2024)

Takeaway: Language supervision offers strong advantages, SigLIP is the best (2024/10)
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Visual Representations

Cambrian-1 (Tong et al. 2024)

Takeaway: High-res encoders greatly enhance performance on chart & vision-centric benchmarks
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Instruction Tuning Recipes

Cambrian-1 (Tong et al. 2024)
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Instruction Tuning Recipes

Cambrian-1 (Tong et al. 2024)

Takeaway: Two-stage training is beneficial; more adapter data further improves results.

Takeaway: Unfreezing the vision encoder is widely beneficial. Language-supervised models 
always benefit; SSL models particularly benefit on vision-centric benchmarks.
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New Connector Design

Cambrian-1 (Tong et al. 2024)
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New Connector Design

Cambrian-1 (Tong et al. 2024)

Takeaway: Spatial inductive bias and deep interaction between LLM and vision feature help to 
better aggregate and condense vision features.



Serena Yeung-Levy 
Xiaohan Wang BIODS 276: Adv. Topics in CV and Biomedicine Lecture 9 - 51

Instruction Tuning Data

Cambrian-1 (Tong et al. 2024)

Internet Data Collection Engine
➢ Selects target field/subfield (e.g., "Physics")
➢ Uses LLM (e.g., GPT-4) to identify topics (e.g., "Newton’s Laws")
➢ Searches reliable sources (e.g., Wikipedia)
➢ Extracts image-caption pairs and uses LLM to create Q&A pairs about the image
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Instruction Tuning Data

Cambrian-1 (Tong et al. 2024)

Takeaway: Data Balancing Matters.
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Instruction Tuning Data

Cambrian-1 (Tong et al. 2024)

Takeaway: Different data ratios have a non-trivial impact on 
the overall performance.



Serena Yeung-Levy 
Xiaohan Wang BIODS 276: Adv. Topics in CV and Biomedicine Lecture 9 - 54

Instruction Tuning Data

Cambrian-1 (Tong et al. 2024)
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Overall Performance

Cambrian-1 (Tong et al. 2024)
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How to Link Vision to LLMs?

Internal Linkage → Vision-Language Models

❖ Architecture
❖ Evaluation
❖ Training Recipe
❖ Improvement
❖ Takeaway

External Linkage → Vision-Language Agents
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Human Evaluation

Multimodal Arena (Chou et al. 2024)
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Video Understanding

Video-MME (Fu et al. 2024)
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Model Choice

Video-MME (Fu et al. 2024)

Fully Open-Sourced Large VLMs (Data+Training+Inference):
❖ Cambrian-1

Open-Sourced Large VLMs (Inference Only):
❖ Qwen2-VL

Proprietary Large VLMs (API Only):
❖ Image: GPT-4o
❖ Video: Gemini-1.5 Pro

2024/10；My Personal Opinion + Benchmark Results
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How to Link Vision to LLMs?

Internal Linkage → Vision-Language Models

❖ Architecture
❖ Evaluation
❖ Training Recipe
❖ Improvement
❖ Takeaway

External Linkage → Vision-Language Agents
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