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BACKGROUND: Autoregressive Model (AR)
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Autoregressive Model
posits the probability of current token      depends only on its prefix
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Scaling law
The performance correlates with parameters and optimal training 
compute, following a power-law:

Zero-shot generalization
LLM can perform tasks that it has not been explicitly trained on.
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Autoregressive Model on Visual Generation
• Tokenize an image into several discrete tokens

• Define a 1D order of tokens for unidirectional modeling

• Training an autoregressive model for unidirectional modeling
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Autoregressive Model on Visual Generation
• Tokenize an image into several discrete tokens
With a quantized autoencoder to convert the image to discrete tokens

Training Loss:
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Autoregressive Model on Visual Generation
• Tokenize an image into several discrete tokens

• Define a 1D order of tokens for unidirectional modeling

• Training an autoregressive model for unidirectional modeling
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VQ-VAE
• Introduce Vector Quantisation into VAE



BACKGROUND: AR on Visual Generation

10

VQ-GAN
• Introduce GAN Loss and Transformer Structure



BACKGROUND: AR on Visual Generation
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Weakness: Autoregressive Model on Visual Generation
• Mathematical premise violation
    the token sequence                            retains bidirectional correlations, 
contradicting the unidirectional dependency assumption.

• Inability to perform some zero-shot generalization
    The unidirectional nature of image autoregressive modeling restricts 
their generalizability in tasks requiring bidirectional reasoning.
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Weakness: Autoregressive Model on Visual Generation
• Structural degradation
    The flattening disrupts the spatial locality inherent in image feature maps.

• Inefficiency
    A conventional self-attention transformer incurs O(n^2) autoregressive steps 
and O(n^6) computational cost.
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METHOD: Visual Autoregressive Modeling (VAR)
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Shifting from “next token prediction” to “next-scale prediction” strategy



METHOD: Visual Autoregressive Modeling (VAR)
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Visual Autoregressive Model on Visual Generation
• Mathematical premise violation

New coarse-to-fine constraint is acceptable as it aligns with the natural

• Structural degradation
(i) there is no flattening operation in VAR  (ii) tokens in each rk are fully correlated

• Inefficiency
O(k) autoregressive steps and O(n^4) computational cost



METHOD: Visual Autoregressive Modeling (VAR)
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Two Stage Training



METHOD: Visual Autoregressive Modeling (VAR)

17

Tokenization



METHOD: Visual Autoregressive Modeling (VAR)
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Next-scale Prediction



METHOD: Implementation Details
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• VAR tokenizer: VQVAE architecture + K extra convolutions (0.03M)

• VAR transformer
• Standard decoder-only transformers akin to GPT-2
• Adaptive Layer Normalization (AdaLN)
• Normalizing queries and keys
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EXPERIMENTS: Quanlitative
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EXPERIMENTS: Visualization
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EXPERIMENTS: Scaling Laws
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With Optimal Training Compute
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With Model Parameters



EXPERIMENTS: Zero-Shot Task
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In-Painting
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Out-Painting
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Class-Cond Editing
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CONCLUSION
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• Introduce a new visual generative framework named Visual 
AutoRegressive modeling

• Make language-model-based AR models first surpass strong diffusion 
models

• Observe a clear power-law relationship



CONCLUSION: Future Work
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• Advancing tokenizer structure

• Text-prompt generation

• Video generation



Thanks for listening!


