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Why do we need this Tutorial?
What are diffusion model?

What are the design choices?

Controls and adaptation in the context of Visual Computing

Learn together
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Related Materials
• Survey papers

• Past tutorials/courses

• Blogs and recorded videos



Presentation Schedule
Introduction to Diffusion Models

Guidance and Conditioning Sampling

Attention

Break

Personalization and Editing

Beyond Single (RGB) Image Generation

Diffusion Models for 3D Generation
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Applications

EG2024 Tutorial Introduction Diffusion Models in Visual Computing



What is a Diffusion Process?
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Sampling ⟺ (Unconditional generation)

unknown map

(unknown) data distribution known distribution



Mapping between Distributions
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data
distribution

known
distribution



Gaussian (Normal) Distribution
• Uniquely defined by Mean and Variance

• Reparameterization ‘trick’

• Many results on combining Gaussian distributions
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Mapping in Many Steps
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forward mapping 



Mapping in Many Steps
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forward mapping 



Mapping in Many Steps
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forward mapping 



Mapping in Many Steps
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forward mapping 



Generative Modeling: Sampling

EG2024 Tutorial Introduction Diffusion Models in Visual Computing

reverse mapping 



Loss Functions
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Algorithm (How to Train?)
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Training Loss
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Three Interpretations
• Predict Noise

• Predict clean image

• Score-based optimization

they are equivalent!!

<latexit sha1_base64="2bmV+YZ7s+BhTfFYl9SeLWKnujA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqz02MNEcxHLvumXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NL56SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMzeJwOukBkxsYQyxe2thI2ooszYkEo2BG/55VXSuqh6tWrt/rJSv8njKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsWgtOPnMMfyB8/kD4S+REg==</latexit>✏t

<latexit sha1_base64="vvlHnzm9R9Nr59YAuMrD9a/4IIo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0G7qBac+vuHGiVeAWpQYHWoPrlDxNiYio04VipvuemOsiw1IxwOqv4RtEUkwke0b6lAsdUBdk88wydWWWIokTaJzSaq783MhwrNY1DO5lnVMteLv7n9Y2OroOMidRoKsjiUGQ40gnKC0BDJinRfGoJJpLZrIiMscRE25oqtgRv+curpHNR9xr1xv1lrXlT1FGGEziFc/DgCppwBy1oA4EUnuEV3hzjvDjvzsditOQUO8fwB87nDyxukco=</latexit>x0

<latexit sha1_base64="oW+nQ6uQYa+xGx71D28bKYvZLPc="></latexit>

rxt log p(x0) = � ✏p
1� ↵̄t



Algorithm (How to Sample?)
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Latent Diffusion Model
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DDPM vs DDIM
• DDPM: Markovian process

• DDIM: Non-Markovian process but 10-50x faster!!
– Trained w/ pretrained DDPM diffusion



DDPM vs DDIM
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Summary so far
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