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Background

• MLLMs struggle with effectively aligning visual and textual modalities 

• Current approaches: 
• Late-fusion with specialized encoders: Complex alignment challenges

• Early-fusion token-based: Lacks explicit structural information

• Text-only LLMs benefit from BPE tokenization but visual modalities 
lack equivalent
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Theoretical Foundation
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Our Method

• BPE Image Tokenizer: 
• Step 1: Quantize image into initial token IDs using VQ-GAN (codebook size 

8192)

• Step 2: Learn merged tokens based on frequency patterns (like text BPE)

• Step 3: Combine tokens into semantically meaningful units with structural 
information
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Our Method

• Information loss theoretical upper bound: 

• For typical configuration: ~0.35% information loss, acceptable 
trade-off.
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Our Method



Wanpeng Zhang Paper Reading 2025/3/28 7

Training Pipeline

• Base Model: Llama-3.1-8B

• Two-Stage Training Process: 
• PT (Pretraining): 

• Freeze original text embeddings

• Train only visual embeddings

• 595K images (CC-3M) + 558K (LCS)

• SFT (Supervised Fine-Tuning): 
• Unfreeze all weights

• 1.27M entries from LLaVA-OneVision Dataset

• Key Difference: Direct fusion of image modality without separate 
encoders
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Experiment Results

• BPE Image Tokenizer consistently outperforms direct VQ approach

• Performance improves with vocabulary size up to 8K (balanced 
utilization) 

• Model shows strong category-specific improvements (Existence: 
145.0 vs 113.3)
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Summary & Future Work

▪ First explicit tokenization of multimodal data like text-only LLMs 

▪ Theoretical analysis validates benefits of tokenization for 2D data 

▪ Significant performance gains with limited training data (0.1% of 
typical CLIP training) 

▪ Future: Scale up data, apply to video, explore more sophisticated 
tokenization
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Thanks!
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