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1 Introduction: BERT Binarization

• Network Binarization

- compression by binarizing parameters

- accelerating by applying bitwise operations

𝑄𝑄x (𝐱𝐱) = 𝛼𝛼 𝐁𝐁𝐱𝐱

𝐁𝐁𝐱𝐱 = sign 𝐱𝐱 = � −1, if 𝑥𝑥 ≥ 0
1, otherwise

𝑧𝑧 = 𝑄𝑄w 𝐰𝐰 ⟙𝑄𝑄a 𝐚𝐚 = 𝛼𝛼w𝛼𝛼a(𝐁𝐁𝐰𝐰⊗𝐁𝐁𝐚𝐚)

• Large Pre-trained Diffusion models 

- Diffusion models (DMs) have garnered impressive attention and applications 
in various fields, such as image, speech and video

- it still suffers expensive FP32 parameters and operations



1 Introduction: Overview

• Main Contribution

- the first full binarization approaches to diffusion models;

- identify the challenges that make existing binarization methods difficult 
to transfer to binarize DMs, expecially their activation;

- achieve impressive 52.7× and 28.0× saving on FLOPs and size.



2 The Rise of BiDM: Bottlenecks of Binarized DMs

• Binarized DMs Architecture
- Architecture perspective. As generative models, DMs have rich 

intermediate representations closely related to timesteps and highly 
dynamic activation ranges, which are both very limited in information 
when binarized weights and activations are used.

• Distillation for Binarized DMs
- Optimization perspective. Generative models like DMs are typically 

required to output complete images, but the highly discrete parameter 
and feature space make it particularly difficult for binarized DMs to match 
the ground truth during training. 



2 The Rise of BiDM: Timestep-friendly Binary Structure (TBS)

• From a temporal perspective

- Observation 1: The activation range varies significantly across long-
term timesteps, but the activation features are similar in short-term 
neighbouring timesteps.



• TBS to address the highly timestep-correlated activation features

2 The Rise of BiDM: Timestep-friendly Binary Structure (TBS)

- Using the binary activation operator proposed by XNOR-Net and making 
the tiny convolution 𝑘𝑘 learnable can effectively adapt to the dynamic 
range variations in activations.

- Adding cross-timestep connections between different output blocks can 
leverage the similarity of features across adjacent timesteps, enhancing 
the information representation of the binary outputs.



2 The Rise of BiDM: Space Patched Distillation (SPD)

• From a spatial perspective

- Observation 2: Conventional distillation struggles to guide fully 
binarized DMs to align with full-precision DMs, while the features of DM 
exhibit locality in space during the generation task.



2 The Rise of BiDM: Space Patched Distillation (SPD)

• SPD for Accurate Optimization

- SPD divides intermediate features into patches and computes attention 
within each patch to leverage spatial locality in image generation tasks, 
enabling more locally targeted optimization alignment.



Experiments: Generation Performance



Conclusion

• Novel Technique: the first full binarization approaches for diffusion 
models.

• Summary of Observations: provide observations on the spatiotemporal 
properties of full-precision DMs to effectively guide the design of binarized 
DMs.

• Good Precision: show improvements of full DM binarization than existing 
methods across several mainstream Image Generation tasks.

• High efficiency: achieves impressive 𝟓𝟓𝟐𝟐.𝟕𝟕 × computational FLOPs and 
𝟐𝟐𝟐𝟐.𝟎𝟎 × storage saving.
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