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Diffusion Probabilistic Model

A man teaching diffusion model to people in front of a whiteboard, anime style
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Generative models
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Why diffusion model ?
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Why diffusion model ?

5

A fantasy knight

Dora the explorer



Diffusion model in short

Forward diffusion process = fixed Markov chain algorithm
6



Diffusion model in short

Reverse diffusion process = trained model
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Diffusion model in short

Generation process = reverse diffusion T times from noise
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Forward diffusion process

𝒒  𝒙𝒕 | 𝒙𝒕−𝟏  =  𝛮  𝑥𝑡 ; 1 − 𝛽𝑡𝑥𝑡−1 , 𝛽𝑡𝛪 

𝒙𝒕 = 𝟏 − 𝜷𝒕𝒙𝒕−𝟏 + 𝜷𝒕𝒛𝒕−𝟏 ; where 𝑧𝑡−1 ~ 𝛮(0,𝛪)

𝜷𝒕 ∈ (0,1) 𝜷𝒕 follow a schedule where 𝛽1 < 𝛽2 <⋯< 𝛽𝑇
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Forward diffusion process

xt

=

xt-1

1 − 𝛽𝑡 + 𝛽𝑡

noise
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Forward diffusion process

𝒙𝒕 = 𝛼𝑡𝑥𝑡−1 + 1 − 𝛼𝑡𝑧𝑡−1 ; where 𝛼𝑡 = 1-𝛽𝑡
𝒙𝒕 = 𝛼𝑡𝛼𝑡−1𝑥𝑡−2 + 1 − 𝛼𝑡𝛼𝑡−1𝑧𝑡−2

𝒙𝒕 = 𝛼𝑡𝑥0 + 1 − 𝛼𝑡𝑧 ; where 𝛼𝑡 =  ∏𝑇
𝑖=1 𝛼 𝑖

𝒒  𝒙𝒕 | 𝒙𝟎  =  𝛮  𝑥𝑡 ; 𝛼𝑡𝑥𝑡−1 , (1 − 𝛼𝑡)𝛪 11



Forward diffusion process

xt

=

x0

𝛼𝑡 + 1 − 𝛼𝑡

zt (noise)
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Reverse diffusion process

𝒒  𝒙𝒕−𝟏 | 𝒙𝒕  ≈  𝒑𝜃  𝒙𝒕−𝟏 | 𝒙𝒕  =

𝒑𝜃  𝒙𝒕−𝟏 | 𝒙𝒕 = 𝜨(𝒙𝒕−𝟏 ; 𝜇𝜃 𝒙𝒕 , 𝑡  , 𝜎𝒕𝟐𝑰) 13



Reverse diffusion process
𝒒  𝒙𝒕−𝟏 | 𝒙𝒕 , 𝒙𝟎 = 𝜨(𝒙𝒕−𝟏 ; 𝜇𝒕 𝒙𝒕 , 𝒙𝟎  , 𝛽𝒕𝑰)

𝜇𝒕 𝒙𝒕 , 𝒙𝟎  =  
𝛼𝑡−1𝛽𝑡

1 − 𝛼𝑡
𝑥0 +

𝛼𝑡(1 − 𝛼𝑡−1)
1 − 𝛼𝑡

𝑥𝑡 = 1
𝛼𝑡

(𝑥𝑡 − 𝛽𝑡

1 − 𝛼𝑡
𝑧𝑡)

𝛽𝒕 =  1 − 𝛼𝑡−1
1 − 𝛼𝑡

𝛽𝑡

𝑞  𝑥𝑡−1 | 𝑥𝑡 , 𝑥0 ≈ 𝑝𝜃  𝑥𝑡−1 | 𝑥𝑡 
=>

1
𝛼𝑡

(𝑥𝑡 − 𝛽𝑡
1−𝛼𝑡

𝑧𝑡) ≈ 1
𝛼𝑡

(𝑥𝑡 − 𝛽𝑡
1−𝛼𝑡

𝑧𝜃(𝑥𝑡 , 𝑡)) 14



Reverse diffusion process
xt

=

x0
𝛼𝑡 + 1 − 𝛼𝑡

zt (noise)

xt-1
1
𝛼𝑡

(

xt
-

𝛽𝑡

1 − 𝛼𝑡

zt
+

z (noise)
𝛽𝒕

=

)
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Reverse diffusion process
Loss to train the model

negative log-likelihood: − 𝐥𝐨𝐠 𝒑𝜽(𝒙𝟎) (not possible)
=>

variational lower bound:
− 𝐥𝐨𝐠 𝒑𝜽(𝒙𝟎) ≤− 𝐥𝐨𝐠 𝒑𝜽(𝒙𝟎) + 𝑫𝑲𝑳(𝒒 𝒙𝟏:𝑻 | 𝒙𝟎 || 𝒑𝜽 𝒙𝟏:𝑻 |𝒙𝟎 )

==>
Lt =  𝜠 || 𝝁𝒕 − 𝝁𝜽(𝒙𝒕 , 𝒕) ||𝟐

Lt =  𝜠 || 𝒛𝒕 − 𝒛𝜽(𝒙𝒕 , 𝒕) ||𝟐
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Training
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Training

Trainingdataset
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Training

𝒕 =  𝟓𝟎

𝝐 =  
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Training

𝒕
20



Sampling
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Sampling

𝒙𝑻 =  
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Sampling
𝒛 =  

𝒛 =  

or

23



Sampling

=

xt-1

1
𝛼𝑡

(

xt
-

𝛽𝑡

1 − 𝛼𝑡

zt
+

z (noise)
𝛽𝒕 )
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Model example

𝒕
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Model example

Sin_pos_emb

linear
Conv2D

int
tensor

vector
tensor

𝒙𝒕𝒙𝒕

𝒕 𝒕𝒆𝒎𝒃
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Model example

rearrange

Conv2D

int
tensor

tensor

sum

ConvNext
block

Attention

Downsample

tensor
𝒕𝒆𝒎𝒃

𝒙𝒕 𝒙𝒕

𝒉
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Model example

rearrange

Conv2D

int
tensor

tensor

sum

ConvNext
block

Attention

sum

ConvNext
block

rearrange

𝒕𝒆𝒎𝒃

𝒙𝒕 𝒙𝒕
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Model example

rearrange

Conv2D

int
tensor

tensor

sum

ConvNext
block

Attention

Upsample

tensor
𝒕𝒆𝒎𝒃

𝒙𝒕 𝒛𝜃

𝒉
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Text-to-image

Trainingdataset
The French supercomputer Jean-Zay
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Text-to-image
The French supercomputer Jean-Zay

Text embedding model

(𝟎.𝟗𝟔𝟏 𝟎.𝟐𝟑𝟎 − 𝟎.𝟓𝟔𝟕 …)
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Text-to-image

𝒕

(𝟎.𝟗𝟔𝟏 𝟎.𝟐𝟑𝟎 − 𝟎.𝟓𝟔𝟕 …)

xt zt
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• GLIDE: Towards Photorealistic Image Generation and Editing with Text-Guided DiffusionModels : https://arxiv.org/abs/2112.10741
• Photorealistic Text-to-Image Diffusion Models with Deep Language Understanding :https://arxiv.org/abs/2205.11487
• Lilian Weng article “What are Diffusion Models?” : https://lilianweng.github.io/posts/2021-07-11-diffusion-models/
• Outlier video “Diffusion Models | Paper Explanation | Math Explained” :https://www.youtube.com/watch?v=HoKDTa5jHvg
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