
Diffusion Model

04

-based Generative Recommendation

245



What is Diffusion 
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Forward
process

Reverse
process

Build the mapping between data sample and 
Gaussian sample

Denoising Diffusion Probabilistic Models. NeurIPS 2020



What is Diffusion 
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Remove the noise step by step from a 
Gaussian sample. 

Denoising Diffusion Probabilistic Models. NeurIPS 2020



Diffusion in CV
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Diffusion is at the core of visual content generation.

Image generation Video generation
Stable Diffusion, DALL-E… Sora, Hunyuan-Video, Keling…



Diffusion for recommendation
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Use diffusion to enhance traditional recommender

Diffusion as recommender

Diffusion for personalized content generation

- Diffuse on the user interaction vector
- Diffuse on item representation 
- Discrete  diffusion 

- More robust representation
- Data augmentation

- Personalized try-on, image,....



Diffusion as enhancer 
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Generate more interaction 
or sequences

Enhance the robustness of 
embeddings

Diffusion Augmentation for Sequential Recommendation, in CIKM 2023.
DiffuRec: A Diffusion Model for Sequential Recommendation, in TOIS 2024



Pseudo sequence generation (I)
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Generate pseudo sequence embeddings 
conditioned on historical interaction sequence

Diffusion Augmentation for Sequential Recommendation, in CIKM 2023.



Pseudo sequence generation (II)
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The model architecture is adopted from U-Net

Diffusion Augmentation for Sequential Recommendation, in CIKM 2023.



Diffusion for recommendation
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Use diffusion to enhance traditional recommender

Diffusion as recommender

Diffusion for personalized content generation

- Diffuse on the user interaction vector
- Diffuse on item representation 
- Discrete  diffusion 

- More robust representation
- Data augmentation

- Personalized try-on, image,....



Diffusion as recommender
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Diffusion Recommender Model, in SIGIR 2023.

Generate What You Prefer: Reshaping Sequential Recommendation via Guided Diffusion, in NeurIPS 2023
Breaking Determinism: Fuzzy Modeling of Sequential Recommendation Using Discrete State Space Diffusion Model, in NeurIPS 2024

Diffuse on the user 
interaction vector

Diffuse on item 
representation 

Discrete  
diffusion 



Interaction vector completion (I)
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Diffusion Recommender Model, in SIGIR 2023.

Motivation - limitation of GANs and VAEs：

GAN- and VAE-based 
recommenders suffers from 
issues like  instability and 
representation collapse.  



Interaction vector completion (II)
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Forward: corrupt the interaction vector into gaussian noise
Reverse: recover the interaction vector from the gaussian 
noise 



Generate item embedding
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There exists an implicit distribution, from which 
target item embedding can be generated.   

Challenge：
● The data-generation distribution is 

complicated and unknown.
Solution：
● Capture the data-generation 

distribution by connecting it with 
Gaussian distribution.

● This can be achieved by diffusion. 
Generate What You Prefer: Reshaping Sequential Recommendation via Guided Diffusion, in NeurIPS 2023



Generate item embedding
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● Diffusion on target item embeddings.
● Guided by user interaction sequence for personalization.

Guidance 

Diffusion 
process

Generate What You Prefer: Reshaping Sequential Recommendation via Guided Diffusion, in NeurIPS 2023



Generate item embedding
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● Different sequence encoder

Diffusion Recommendation with Implicit Sequence Influence, in WWW 2024



Generate item embedding
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● Uncertainty-aware guidance

Uncertainty-aware Guided Diffusion for Missing Data in Sequential Recommendation, in SIGIR 2025



Generate item embedding
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● Incorporate preference optimization

Preference Diffusion for Recommendation, in ICLR 2025



Discrete diffusion

Breaking Determinism: Fuzzy Modeling of Sequential Recommendation Using Discrete State Space Diffusion Model, in NeurIPS 2024.

State transitions occur under discrete conditions for the 
entire interaction sequence.

● Represent interaction sequence as 
one-hot vector through semantic 
ID.

● Conduct discrete diffusion on 
interaction sequence.



Discrete diffusion

Breaking Determinism: Fuzzy Modeling of Sequential Recommendation Using Discrete State Space Diffusion Model, in NeurIPS 2024.

Semantic IDs

Forward process



Discrete diffusion

Distinguished Quantized Guidance for Diffusion-based Sequence Recommendation, in WWW 2025..

● Quantization embedding with continuous diffusion.



Diffusion for recommendation
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Use diffusion to enhance traditional recommender

Diffusion as recommender

Diffusion for personalized content generation

- Diffuse on the user interaction vector
- Diffuse on item representation 
- Discrete  diffusion 

- More robust representation
- Data augmentation

- Personalized try-on, image,....



Personalized content generation

266

Personalized try-on Personalized image

OOTDiffusion: Outfitting Fusion based Latent Diffusion for Controllable Virtual Try-on, in arXiv
InstantBooth: Personalized Text-to-Image Generation without Test-Time Finetuning. In CVPR 2024. 



Personalized Try-on
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Generate realistic 3D try-on given person images, 
clothes images, and a text prompt. 

DreamVTON: Customizing 3D Virtual Try-on with Personalized Diffusion Models.  MM 2024



Personalized Image
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Generate personalized image given person images and 
the desired concept. 

InstantBooth: Personalized Text-to-Image Generation without Test-Time Finetuning.  CVPR 2024


