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1. Denoising Diffusion Probabilistic Model (DDPM)

2. Score-based Generative Model (SGM)

3. MCVD: Masked Conditional Video Diffusion
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DDPM : Forward process
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arxiv.org/abs/2006.11239
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DDPM
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DDPM : Reverse process
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(Bayes’ theorem)

arxiv.org/abs/2006.11239

✔

?

?
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DDPM : Reverse process
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✔ ✔

✔

arxiv.org/abs/2006.11239

(Condition on         )
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DDPM : Reverse process
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DDPM : Reverse process
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DDPM : Reverse process
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arxiv.org/abs/2006.11239
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Deep neural network!

https://voletiv.github.io
https://mila.quebec/
https://arxiv.org/abs/2006.11239


Vikram Voleti Score-based Denoising Diffusion Models

DDPM : Generation
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arxiv.org/abs/2006.11239
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DDPM
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DDIM : Generation
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arxiv.org/abs/2010.02502
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1

DDIM

(1)

Deterministic!

1
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DDIM : Generation
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DDPM vs DDIM
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arxiv.org/abs/2006.11239 , arxiv.org/abs/2010.02502
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DDPM DDIM
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Noise matching
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DDPM

Denoising Diffusion Probabilistic Models (DDPM)
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1. Noise matching

arxiv.org/abs/2006.11239

2

1

2.    Generation
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Denoising Diffusion Probabilistic Models (DDPM)
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1. Training

arxiv.org/abs/2006.11239
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2.    Generation
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1. Denoising Diffusion Probabilistic Model (DDPM)

2. Score-based Generative Model (SGM)

3. MCVD: Masked Conditional Video Diffusion

17

https://voletiv.github.io
https://mila.quebec/


Vikram Voleti Score-based Denoising Diffusion Models

SGM
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arxiv.org/abs/1907.05600

Langevin Dynamics:

(Gradient ascent) (Stochastic)
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SGM : Score Matching
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1. Score Matching:

Denoising Score Matching:

arxiv.org/abs/1907.05600 https://www.iro.umontreal.ca/~vincentp/Publications/smdae_techreport.pdf

https://voletiv.github.io
https://mila.quebec/
https://arxiv.org/abs/1907.05600
https://www.iro.umontreal.ca/~vincentp/Publications/smdae_techreport.pdf


Vikram Voleti Score-based Denoising Diffusion Models

1. Score Matching:

Denoising Score Matching:

Score (gradient of log density)
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arxiv.org/abs/1907.05600, arxiv.org/abs/2006.11239 , arxiv.org/abs/2205.09853
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SGM : Denoising Score Matching
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1. Score Matching:

Denoising Score Matching:
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SGM : (Un)weighted Denoising Score Matching
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1. Denoising Score Matching:

arxiv.org/abs/1907.05600 , arxiv.org/abs/2006.09011

Variance of score:

(Un)weighted objective function:

https://voletiv.github.io
https://mila.quebec/
https://arxiv.org/abs/1907.05600
https://arxiv.org/abs/2006.09011
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SGM
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arxiv.org/abs/1907.05600 , arxiv.org/abs/2006.09011

●

● Make: How?

Objective 

of DDPM!

~ DDPM

Objective 

of SGM
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Score (gradient of log density)
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 ∴ Estimating  
is equivalent to 

estimating a 

scaled version 

of the Score!

(3)

arxiv.org/abs/1907.05600 , arxiv.org/abs/2006.11239 , arxiv.org/abs/2205.09853

https://voletiv.github.io
https://mila.quebec/
https://arxiv.org/abs/1907.05600
https://arxiv.org/abs/2006.11239
http://arxiv.org/abs/2205.09853


Vikram Voleti Score-based Denoising Diffusion Models

Score-based Generative Models (SGM)
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1. Training

2

1

2.    Generation

arxiv.org/abs/1907.05600 , arxiv.org/abs/2006.09011
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Score-based Generative Models (SGM)
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1. Training

2

1

2.    Generation

arxiv.org/abs/1907.05600 , arxiv.org/abs/2006.09011
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Denoising Diffusion Probabilistic Models (DDPM)
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1. Training

arxiv.org/abs/2006.11239
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2.    Generation
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DDPM vs SGM
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arxiv.org/abs/2006.11239 , arxiv.org/abs/1907.05600 , arxiv.org/abs/2006.09011

2

1

2

1

DDPM SGM
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Using SDEs
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arxiv.org/abs/2006.11239 , arxiv.org/abs/1907.05600 , arxiv.org/abs/2006.09011 , arxiv.org/abs/2011.13456

Forward:

Reverse:

2

1

DDPM SGM
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Using SDEs
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arxiv.org/abs/2006.11239 , arxiv.org/abs/1907.05600 , arxiv.org/abs/2006.09011 , arxiv.org/abs/2011.13456

Forward:

Reverse:

Variance Preserving Variance Exploding

2

1

DDPM SGM
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Score (gradient of log density) for DDPM
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 ∴ Estimating  
is equivalent to 

estimating a 

scaled version 

of the Score!

(3)

arxiv.org/abs/1907.05600, arxiv.org/abs/2006.11239 , arxiv.org/abs/2205.09853
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1. Denoising Diffusion Probabilistic Model (DDPM)

2. Score-based Generative Model (SGM)

3. MCVD: Masked Conditional Video Diffusion
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MCVD: Masked Conditional Video Diffusion
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● Video Prediction:

● Video Generation:

● Video Interpolation:

arxiv.org/abs/2205.09853

https://voletiv.github.io
https://mila.quebec/
http://arxiv.org/abs/2205.09853
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MCVD: Masked Conditional Video Diffusion
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? ? ? ?

? ? ?

? ? ?

Video Prediction

Video Generation

Video Interpolation

Real data

arxiv.org/abs/2205.09853

https://voletiv.github.io
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http://arxiv.org/abs/2205.09853
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MCVD: Masked Conditional Video Diffusion
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● Video Prediction:

● Video Prediction + Generation:

● Video Prediction + Generation + Interpolation:

arxiv.org/abs/2205.09853

Random masking!

https://voletiv.github.io
https://mila.quebec/
http://arxiv.org/abs/2205.09853
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MCVD: Masked Conditional Video Diffusion
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? ? ?

? ? ?

? ? ?

Video Prediction

Video Prediction 
+ Generation

Video Prediction
+ Generation

+ Interpolation

Real data

arxiv.org/abs/2205.09853

https://voletiv.github.io
https://mila.quebec/
http://arxiv.org/abs/2205.09853


Vikram Voleti Score-based Denoising Diffusion Models

MCVD: Masked Conditional Video Diffusion
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arxiv.org/abs/2205.09853
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MCVD: Masked Conditional Video Diffusion
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1c 2c 1 2 3 4 5

4 5 6 7 8 9 10

Real Pred

PredPred

past current

Block-autoregressive generation:

arxiv.org/abs/2205.09853

https://voletiv.github.io
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MCVD: Masked Conditional Video Diffusion
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MCVD: Masked Conditional Video Diffusion
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(128x128)

(64x64)

(64x64)

(64x64)

arxiv.org/abs/2205.09853
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MCVD: Masked Conditional Video Diffusion
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mask-cond-video-diffusion.github.io

arxiv.org/abs/2205.09853
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http://arxiv.org/abs/2205.09853
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