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Syllabus
Week    Date    Subject/Topics

1 2025/02/18 Introduction to Generative AI Innovative Applications

2 2025/02/25 Transformers for Natural Language Processing and
                          Computer Vision

3 2025/03/04 Large Language Models (LLMs), 
                          NVIDIA Building RAG Agents with LLMs Part I

4 2025/03/11 Case Study on Generative AI Innovative Applications I

5 2025/03/18 NVIDIA Building RAG Agents with LLMs Part II

6 2025/03/25 NVIDIA Building RAG Agents with LLMs Part III
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Syllabus
Week    Date    Subject/Topics

7 2025/04/01 Self-Learning

8 2025/04/08 Midterm Project Report

9 2025/04/15 Generative AI for Multimodal Information Generation

10 2025/04/22 NVIDIA Generative AI with Diffusion Models Part I

11 2025/04/29 NVIDIA Generative AI with Diffusion Models Part II

12 2025/05/06 Case Study on Generative AI Innovative Applications II
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Syllabus
Week    Date    Subject/Topics

13 2025/05/13 NVIDIA DLI and NVIDIA-Certified Associate (NCA)
                            Generative AI LLMs Certification [Invited Talk]

14 2025/05/20 NVIDIA Generative AI with Diffusion Models Part III 
                            AI Agents and Large Multimodal Agents (LMAs)

15 2025/05/27 Final Project Report I

16 2025/06/03 Final Project Report II
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•Part 1: From U-Nets to Diffusion

•Part 2: Denoising Diffusion Probabilistic Models

•Part 3: Optimizations

•Part 4: Classifier-Free Diffusion Guidance (CFG)

•Part 5: CLIP (Contrastive Language-Image Pre-Training) 

•Part 6: Wrap-up & Assessment
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Generative AI with Diffusion Models

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


7

Diffusion Models 
diffusion models are trained to denoise noisy images, 

and can generate images by iteratively denoising pure noise.

Source: https://keras.io/examples/generative/ddim/

https://keras.io/examples/generative/ddim/


8https://build.nvidia.com/models?filters=usecase%3Ausecase_image_gen

build.nvidia.com Models: Image Generation

https://build.nvidia.com/models?filters=usecase%3Ausecase_image_gen


9https://build.nvidia.com/stabilityai/stable-diffusion-xl

build.nvidia.com stabilityai/stable-diffusion-xl

https://build.nvidia.com/stabilityai/stable-diffusion-xl


10https://build.nvidia.com/stabilityai/stable-diffusion-xl

build.nvidia.com stabilityai/stable-diffusion-xl

Cute Yellow Cat, Cherry Blossom, 
high detail, sharp focus, 4k

Input 
Prompt

https://build.nvidia.com/stabilityai/stable-diffusion-xl
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12https://learn.nvidia.com/certificates?id=cCFh1ZWWTvqKTq7dcKkEWw

https://learn.nvidia.com/certificates?id=ed-qOCIMQaatzU8SNUNxgw


13https://learn.nvidia.com/certificates?id=OVmqY4cSSya0BdMQBWHxzw

https://learn.nvidia.com/certificates?id=ed-qOCIMQaatzU8SNUNxgw


14https://learn.nvidia.com/certificates?id=ed-qOCIMQaatzU8SNUNxgw

https://learn.nvidia.com/certificates?id=ed-qOCIMQaatzU8SNUNxgw


15https://learn.nvidia.com/certificates?id=q3oo-oBhTQKtyCCote2E-Q

https://learn.nvidia.com/certificates?id=q3oo-oBhTQKtyCCote2E-Q


16https://www.nvidia.com/en-us/training/instructor-directory/search/

(12 from Taiwan)

https://www.nvidia.com/en-us/training/instructor-directory/search/


17https://www.nvidia.com/en-us/training/instructor-directory/search/

(14 from Taiwan)
(2 from NTPU)(April 2025)

https://www.nvidia.com/en-us/training/instructor-directory/search/


NVIDIA Developer Program

NVIDIA 
Deep Learning Institute (DLI)

18

https://developer.nvidia.com/join-nvidia-developer-program

https://learn.nvidia.com/

https://developer.nvidia.com/join-nvidia-developer-program
https://learn.nvidia.com/


Get NVIDIA DLI Certificate

• Step 1. Join NVIDIA Developer Program (Free)
https://developer.nvidia.com/join-nvidia-developer-program

• Step 2. Visit NVIDIA Deep Learning Institute (DLI)
https://learn.nvidia.com/

• Step 3. Enroll "Generative AI with Diffusion Models" 
              Self-Paced Course ($90) 
https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1
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https://developer.nvidia.com/join-nvidia-developer-program
https://learn.nvidia.com/
https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Join the 
NVIDIA 

Developer 
Program
 take one of the 

complimentary 
technical self-
paced courses

(worth up to $90)

20https://developer.nvidia.com/join-nvidia-developer-program

https://developer.nvidia.com/join-nvidia-developer-program


21https://www.nvidia.com/en-us/learn/learning-path/generative-ai-llm/

Instructor-Led Workshop

Fundamentals of Deep 

Learning

Certificate available

$500

8 hours

Self-Paced Course

Getting Started With Deep 

Learning

Certificate available

$90

8 hours

Self-Paced Course

Generative AI Explained

Free

2 hours

Instructor-Led Workshop

Generative AI with Diffusion 

Models

Certificate available

$500

8 hours

Self-Paced Course

Building RAG Agents With 

LLMs

Certificate available

Free

8 hours

Instructor-Led Workshop

Building RAG Agents With 

LLMs

Certificate available

$500

8 hours

Self-Paced Course

Generative AI with Diffusion 

Models

Certificate available

$90

8 hours

Self-Paced Course

Introduction to Transformer-

Based Natural Language 

Processing

Certificate available

$30

6 hours

NVIDIA Deep Learning Institute (DLI)

https://learn.nvidia.com/en-us/training/self-paced-courses


NVIDIA Deep Learning Institute (DLI)

22https://learn.nvidia.com/en-us/training/find-training?q=Generative+AI

Generative AI 

https://learn.nvidia.com/my-learning


Generative AI with Diffusion Models

23https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Building RAG Agents with LLMs

24https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-15+V1

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-15+V1


Generative AI Explained

25https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-15+V1

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-15+V1


Introduction to Transformer-Based 
Natural Language Processing

26https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-08+V1

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-08+V1


Join the NVIDIA Developer Program
take one of the complimentary technical self-paced courses (worth up to $90)

27https://developer.nvidia.com/join-nvidia-developer-program

https://developer.nvidia.com/join-nvidia-developer-program


Join the NVIDIA Developer Program
take one of the complimentary technical self-paced courses (worth up to $90)

28https://developer.nvidia.com/join-nvidia-developer-program

https://developer.nvidia.com/join-nvidia-developer-program


Join the NVIDIA Developer Program
take one of the complimentary technical self-paced courses (worth up to $90)

29https://developer.nvidia.com/join-nvidia-developer-program

https://developer.nvidia.com/join-nvidia-developer-program


Join the NVIDIA Developer Program
take one of the complimentary technical self-paced courses (worth up to $90)

30https://developer.nvidia.com/join-nvidia-developer-program

https://developer.nvidia.com/join-nvidia-developer-program


Join the NVIDIA Developer Program
take one of the complimentary technical self-paced courses (worth up to $90)

31https://developer.nvidia.com/join-nvidia-developer-program

https://developer.nvidia.com/join-nvidia-developer-program


NVIDIA Deep Learning Institute (DLI)

32https://learn.nvidia.com/my-learning

https://learn.nvidia.com/my-learning


NVIDIA Deep Learning Institute (DLI)

33https://learn.nvidia.com/my-learning

https://learn.nvidia.com/my-learning
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NVIDIA Deep Learning Institute (DLI)

https://learn.nvidia.com/my-learning

https://learn.nvidia.com/my-learning


Deep Learning Institute (DLI)

35https://learn.nvidia.com/my-learning

https://learn.nvidia.com/my-learning


36https://learn.nvidia.com/certificates?id=q3oo-oBhTQKtyCCote2E-Q

https://learn.nvidia.com/certificates?id=q3oo-oBhTQKtyCCote2E-Q


37https://learn.nvidia.com/certificates?id=ed-qOCIMQaatzU8SNUNxgw

https://learn.nvidia.com/certificates?id=ed-qOCIMQaatzU8SNUNxgw


NVIDIA 
Deep 

Learning 
Institute 

(DLI)

38https://learn.nvidia.com/en-us/training/self-paced-courses

https://learn.nvidia.com/en-us/training/self-paced-courses


Generative AI with Diffusion Models

39https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Generative AI with Diffusion Models

40https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1

1: From U-Nets to Diffusion

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Generative AI with Diffusion Models

41https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1

1: From U-Nets to Diffusion

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Generative AI with Diffusion Models

42https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1

01_UNets.ipynb

1: From U-Nets to Diffusion

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Generative AI with
Diffusion Models

Part 1: From U-Nets to Diffusion

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 43

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


• Part 1: From U-Nets to Diffusion

• Part 2: Denoising Diffusion Probabilistic Models

• Part 3: Optimizations

• Part 4: Classifier Free Diffusion

• Part 5: CLIP

• Part 6: Wrap-up & Assessment

Agenda

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 44

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Prerequisites

• Basic familiarity with convolutional neural networks (CNNs)

• Basic familiarity with a deep learning framework such as:

• PyTorch

• TensorFlow

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 45

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


A Brief History of Generative AI

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 46

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


The Imitation Game
A.K.A The Turing Test

A robot looks in a mirror and the reflection is human, cyberpunk

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 47

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


IBM 704
The First Singing Computer

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 48

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Eliza
The First Gen AI Chatbot?

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 49

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Generative AI of the 70’s, 80’s and 
90s?

•Electronic music

•Video games graphics

•Video game AI

•Computer animation

•Instant messaging chatbots

An 80’s arcade with lots of machines
Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 50

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


The Rise of Neural Networks

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 51

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Deep Dreaming
Images by Martin Thoma

Original 10 Iterations 50 Iterations

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 52

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


GANs
Generative Adversarial Networks
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GANs
Generative Adversarial Networks
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GANs
Generative Adversarial Networks

Real

Fake

CNN
Down
Block

Feature 
Map

CNN
Down
Block

Feature Map

DNN[0
.1

, -
.2

, …
 0

.9
]

Flatten

[0
.2

, -
.8

, …
 -

0
.1

]

Noise Vector

Feature Map

CT
Up

Block

Feature 
Map

CT
Up

Block

Discrimination Network

Generation Network

Add to 
Discriminator 

Dataset

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 55
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GANs
Generative Adversarial Networks
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Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 56
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GANs
Generative Adversarial Networks
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Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 57
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Image Segmentation

Corgi

Not Corgi

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 58

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Image Segmentation + GANs
NVIDIA Spade

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 59

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 60
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GANs
Generative Adversarial Networks
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GANs U-Nets
The U shaped Autoencoder
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Transposed Convolution

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 64
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Transposed Convolution
Convolution Review
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Transposed Convolution
Convolution Review
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Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 66
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Transposed Convolution
Convolution Review
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Transposed Convolution
Convolution Review
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Transposed Convolution
Convolution Review
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Transposed Convolution
Image Upscaling
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Transposed Convolution
Image Upscaling

.25 .25

.25 .25

1 0 0 0 1

0 0 0 0 0

0 0 1 0 0

0 0 0 0 0

1 0 0 0 1

Kernel Image Output

Stride = 2
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Transposed Convolution
Image Upscaling
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.25 .25

1 • .25 0 • .25 0 0 1
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Transposed Convolution
Image Upscaling

.25 .25

.25 .25

1 0 • .25 0 • .25 0 1
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Transposed Convolution
Image Upscaling

.25 .25

.25 .25

1 0 0 0 1

0 0 0 0 0

0 0 1 0 0

0 0 0 0 0

1 0 0 0 1

Kernel Image Output
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Transposed Convolution
Stride

1 0 0 0 1

0 0 0 0 0

0 0 1 0 0

0 0 0 0 0

1 0 0 0 1

Image

Stride = 2

1 0 0 0 0 0 1

0 0 0 0 0 0 0
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1 0 0 0 0 0 1

Image

Stride = 3
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Transposed Convolution
Padding

1 0 0 0 0 0 1

0 0 0 0 0 0 0

0 0 0 0 0 0 0
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Stride = 3 Padding = 0
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Transposed Convolution
Padding

1 0 0 0 0 0 1

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 1 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

1 0 0 0 0 0 1

Image

Stride = 3 Padding = 0
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0 1 0
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Image

Stride = 3 Padding = 2
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Transposed Convolution
Out Padding

1 0 1

0 1 0

1 0 1

Image

Out Padding = 
0

1 0 1 0

0 1 0 0

1 0 1 0

0 0 0 0

Image

Out Padding = 
1
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Out Padding = 
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Image Resizing
Upsampling
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Image Resizing
Upsampling

Nearest Bilinear Bicubic
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Deconvolution?
Same as Transposed Convolution?

Image

Point Point Spread 
Function

Convolved Image FFT Convolved

FFT Point Spread 
Function

Deconvolved 
Convolved Image
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FashionMNIST
Convolutional Neural Network “Hello World”
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Hypothesis: Generate an image from Noise

Random Noise
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Let’s get started!

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 86
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Appendix:
The Normal Distribution
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De Moivre
From Coin Flips to Bells

A weighted coin flipping through the air 
like a cartoon

Pr 𝑋 = 𝑘 =
𝑛

𝑘
𝑝𝑘(1 − 𝑝)𝑛−𝑘

Pr 𝑋 = 𝑘 =
𝑛!

𝑘! 𝑛 − 𝑘 !
𝑝𝑘(1 − 𝑝)𝑛−𝑘

Pr 𝑋 = 2 =
4!

2! 4 − 2 !

1

2

2

(1 −
1

2
)4−2

𝑝 =
1

2

𝑛 = 4

𝑘 = 2

Pr 𝑋 = 2 =
4 ∙ 3 ∙ 2 ∙ 1

2 ∙ 1 ∙ 2 ∙ 1

1

4

1

4

Pr 𝑋 = 2 =
6

16
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De Moivre
From Coin Flips to Bells

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 89

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


De Moivre
From Coin Flips to Bells

Pr 𝑋 = 𝑘 =
𝑛

𝑘
𝑝𝑘(1 − 𝑝)𝑛−𝑘

Pr 𝑋 = 𝑘 =
𝑛!

𝑘! 𝑛 − 𝑘 !
𝑝𝑘(1 − 𝑝)𝑛−𝑘

A weighted coin flipping through the air 
like a cartoon

𝑛! ≈ 2𝜋
𝑛

𝑒

𝑛

𝑛

𝑘
𝑝𝑘𝑞𝑛−𝑘 ≃

1

2𝜋𝑛𝑝𝑞
𝑒
−

𝑘−𝑛𝑝 2

2𝑛𝑝𝑞

𝑁 x; μ, 𝜎2 =
1

𝜎 2𝜋
𝑒
−
1

2

𝑥−𝜇

𝜎

2
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De Moivre
From Coin Flips to Bells

𝑁 x; μ, 𝜎2 =
1

𝜎 2𝜋
𝑒
−
1

2

𝑥−𝜇

𝜎

2

 

𝜇 = 𝑚𝑒𝑎𝑛, 𝑎. 𝑘. 𝑎. 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝜎 = 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑎𝑖𝑡𝑖𝑜𝑛, 𝑎. 𝑘. 𝑎. 𝑠𝑝𝑟𝑒𝑎𝑑

𝑧 =
𝑥 − 𝜇

𝜎

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 91

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Generative AI with Diffusion Models
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Generative AI with Diffusion Models
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01_UNets.ipynb

1: From U-Nets to Diffusion
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Generative AI with
Diffusion Models
Part 2: Denoising Diffusion Probabilistic Models

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 94
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• Part 1: From U-Nets to Diffusion

• Part 2: Denoising Diffusion Probabilistic Models

• Part 3: Optimizations

• Part 4: Classifier-Free Diffusion Guidance

• Part 5: CLIP

• Part 6: Wrap-up & Assessment

Agenda

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 95

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Diffusion Inspiration
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Thermodynamic Origins

Green food coloring dissolving in a glass of water
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Thermodynamic Origins

t = 25 t = 75 t = 150
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Denoising Diffusion
Probabilistic Models

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 99
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Getting Lost in the Noise
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Forward Diffusion
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Getting Lost in the Noise
Forward Diffusion

t = 0 t = 1 t = 2 t = 3 t = 4 t = 5 t = 6 t = 7 t = 8 t = 9 t = 10

𝑁 x; μ, 𝜎2 =
1

𝜎 2𝜋
𝑒
−
1

2

𝑥−𝜇

𝜎

2
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Getting Lost in the Noise
Forward Diffusion

𝑞 ȁ𝐱1 𝐱0 𝑞 ȁ𝐱6 𝐱5𝑞 ȁ𝐱3 𝐱2 𝑞 ȁ𝐱4 𝐱3 𝑞 ȁ𝐱5 𝐱4𝑞 ȁ𝐱2 𝐱1 𝑞 ȁ𝐱8 𝐱7𝑞 ȁ𝐱7 𝐱6 𝑞 ȁ𝐱9 𝐱8 𝑞 ȁ𝐱10 𝐱9

t = 0 t = 1 t = 2 t = 3 t = 4 t = 5 t = 6 t = 7 t = 8 t = 9 t = 10

= 0.0001, 0.0023, 0.0045, 0.0067,… , 0.0200𝛽
t = 0 t = 1 t = 3 t = 4 t = 10

𝑇 = 10 Total number of timesteps

𝛼 = 1 − 𝛽 Convenient shorthand
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Getting Lost in the Noise
Forward Diffusion

t = 0 t = 1 t = 2 t = 3 t = 4 t = 5 t = 6 t = 7 t = 8 t = 9 t = 10

𝑞 𝐱𝑡 𝐱𝑡−1 = 𝑁(𝐱𝑡; 1 − 𝛽𝑡 ⋅ 𝐱𝑡−1, 𝛽𝑡 ⋅ 𝐈)

• Generate noise from a standard 
normal distribution

• Multiply result by 𝛽𝑡

Step 1:

• Multiply image at previous step by 

1 − 𝛽𝑡
• Add it to the result from step 1

Step 2:

noise = torch.randn_like(x_t)
x_t = torch.sqrt(1 - B[t]) * x_t
+ torch.sqrt(B[t]) * noise

Code:

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 104
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Reverse Diffusion
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Getting Lost in the Noise
Reverse Diffusion

t = 0 t = 1 t = 2 t = 3 t = 4 t = 5 t = 6 t = 7 t = 8 t = 9 t = 10

𝑝 ȁ𝐱0 𝐱1 𝑝 ȁ𝐱1 𝐱2 𝑝 ȁ𝐱2 𝐱3 𝑝 ȁ𝐱3 𝐱4 𝑝 ȁ𝐱4 𝐱5 𝑝 ȁ𝐱5 𝐱6 𝑝 ȁ𝐱6 𝐱7 𝑝 ȁ𝐱7 𝐱8 𝑝 ȁ𝐱8 𝐱9 𝑝 ȁ𝐱9 𝐱10

𝑝 𝐱𝑡−1 𝐱𝑡 = 𝑁(𝐱𝑡−1; 𝝁𝜃 𝐱𝑡 , 𝑡 , Σ𝜃 𝐱𝑡 , 𝑡 )

Difficult to calculate
Approximate average used to 

create 𝐱𝑡

𝑞 ȁ𝐱1 𝐱0 𝑞 ȁ𝐱6 𝐱5𝑞 ȁ𝐱3 𝐱2 𝑞 ȁ𝐱4 𝐱3 𝑞 ȁ𝐱5 𝐱4𝑞 ȁ𝐱2 𝐱1 𝑞 ȁ𝐱8 𝐱7𝑞 ȁ𝐱7 𝐱6 𝑞 ȁ𝐱9 𝐱8 𝑞 ȁ𝐱10 𝐱9
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Getting Lost in the Noise
Reverse Diffusion

t = 0 t = 1 t = 2 t = 3 t = 4 t = 5 t = 6 t = 7 t = 8 t = 9 t = 10

Can generate “evidence” of 𝑝 
using 𝑞

Source: NVIDIA DLI (2024), Generative AI with Diffusion Models, https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1 107
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Getting Lost in the Noise
Reverse Diffusion

t = 0 t = 1 t = 2 t = 3 t = 4 t = 5 t = 6 t = 7 t = 8 t = 9 t = 10

𝑞 𝐱𝑡−1 𝐱𝑡 , 𝐱0 = 𝑁(𝐱𝑡−1; ෥𝝁 𝐱𝑡 , 𝐱0 , ෩𝛽𝑡 ⋅ 𝐈)

Use Bayes' Rule and …

𝑝 ȁ𝐱0 𝐱1 𝑝 ȁ𝐱1 𝐱2 𝑝 ȁ𝐱2 𝐱3 𝑝 ȁ𝐱3 𝐱4 𝑝 ȁ𝐱4 𝐱5 𝑝 ȁ𝐱5 𝐱6 𝑝 ȁ𝐱6 𝐱7 𝑝 ȁ𝐱7 𝐱8 𝑝 ȁ𝐱8 𝐱9 𝑝 ȁ𝐱9 𝐱10

𝑝 𝐱𝑡−1 𝐱𝑡 = 𝑁(𝐱𝑡−1; 𝝁𝜃 𝐱𝑡 , 𝑡 , Σ𝜃 𝐱𝑡 , 𝑡 )

𝑞 ȁ𝐱1 𝐱0 𝑞 ȁ𝐱6 𝐱5𝑞 ȁ𝐱3 𝐱2 𝑞 ȁ𝐱4 𝐱3 𝑞 ȁ𝐱5 𝐱4𝑞 ȁ𝐱2 𝐱1 𝑞 ȁ𝐱8 𝐱7𝑞 ȁ𝐱7 𝐱6 𝑞 ȁ𝐱9 𝐱8 𝑞 ȁ𝐱10 𝐱9

෩𝛽𝑡 =
1 − ത𝛼𝑡−1
1 − ത𝛼𝑡

𝛽𝑡
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Getting Lost in the Noise
Reverse Diffusion

t = 0 t = 1 t = 2 t = 3 t = 4 t = 5 t = 6 t = 7 t = 8 t = 9 t = 10

෥𝜇𝑡 =
1

𝛼𝑡
𝑥𝑡 −

1 − 𝛼𝑡

1 − 𝛼𝑡
𝜖𝑡

The noise added at time 𝑡
This is what the neural network will 

estimate

𝑞 𝐱𝑡−1 𝐱𝑡 , 𝐱0 = 𝑁(𝐱𝑡−1; ෥𝝁 𝐱𝑡 , 𝐱0 , ෩𝛽𝑡 ⋅ 𝐈)

𝑝 ȁ𝐱0 𝐱1 𝑝 ȁ𝐱1 𝐱2 𝑝 ȁ𝐱2 𝐱3 𝑝 ȁ𝐱3 𝐱4 𝑝 ȁ𝐱4 𝐱5 𝑝 ȁ𝐱5 𝐱6 𝑝 ȁ𝐱6 𝐱7 𝑝 ȁ𝐱7 𝐱8 𝑝 ȁ𝐱8 𝐱9 𝑝 ȁ𝐱9 𝐱10

𝑝 𝐱𝑡−1 𝐱𝑡 = 𝑁(𝐱𝑡−1; 𝝁𝜃 𝐱𝑡 , 𝑡 , Σ𝜃 𝐱𝑡 , 𝑡 )

𝑞 ȁ𝐱1 𝐱0 𝑞 ȁ𝐱6 𝐱5𝑞 ȁ𝐱3 𝐱2 𝑞 ȁ𝐱4 𝐱3 𝑞 ȁ𝐱5 𝐱4𝑞 ȁ𝐱2 𝐱1 𝑞 ȁ𝐱8 𝐱7𝑞 ȁ𝐱7 𝐱6 𝑞 ȁ𝐱9 𝐱8 𝑞 ȁ𝐱10 𝐱9
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Model Training
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Model Training
Training Data

Noisy image at time 𝑡 Noise added at time 𝑡

𝑞 𝐱𝑡 𝐱0 = 𝑁(𝐱𝑡; ത𝛼𝑡 ⋅ 𝐱0, 1 − ത𝛼𝑡 ⋅ 𝐈) “Skip ahead” function

𝑡 = 5 𝑡 = 25 𝑡 = 100
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𝐸𝐿𝐵𝑂 ∶= 𝔼𝑧~𝑞𝜙 𝑙𝑜𝑔
𝑝𝜙 𝑥, 𝑧

𝑞 𝑧ȁ𝑥

Model Training
ELBO Loss

Noisy image at time 𝑡 Noise added at time 𝑡

𝑀𝑆𝐸 =
1

𝑛
෍

𝑖=1

𝑛

𝑦𝑖 − ො𝑦𝑖

2
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Model Architecture
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The U-Net Architecture
Next Lab
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It’s About Time
Broadcasting

5 + =
1 0 1

0 1 0

1 0 1

1 0 1

0 1 0

1 0 1

5

3 𝑥 30 or 1 Dimensions
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It’s About Time
Broadcasting

[[5]] +
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1 0 1
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It’s About Time
Broadcasting

+
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Let’s get started!
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2: Denoising Diffusion Probabilistic Models
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