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Recent Trends in Machine Learning:  
A Large-scale Perspective 

A Short Introduction to Multi-modal AI Models (Part )

Saehoon Kim @ Kakaobrain
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Outline of This Course

CLIP 
Encoder-only

DALL-E 
Decoder-only

DALL-E  
Enc-Dec

05/04 05/11 05/18
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Outline of This Course

CLIP 
Encoder-only

DALL-E 
Decoder-only

DALL-E  
Enc-Dec

Contrastive Learning Autoregressive Model Diffusion Model
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AR vs. Diffusion 

Autoregressive Model Diffusion Model 
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DALL-E  (AR Model)
A painting of a cherry blossom tree
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DALL-E  (Diffusion Model)

From OpenAI’s official page

https://www.youtube.com/watch?v=qTgPSKKjfVg
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DDPM: Denoising Diffusion Probabilistic Models

Diffusion models are latent variables models defined by diffusion (forward) process 
and reverse process

J. Ho, A. Jain  and P. Abbeel . Denoising Diffusion Probabilistic Models, NeurIPS’.
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Diffusion Process
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Diffusion Process
When beta is sufficiently small, this forward process can be approximated by a 
Gaussian distribution in the reverse process
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Reverse Process
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Reverse Process
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Reverse Process
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Optimization (/)
Parameters of reverse process can be learned by optimizing the standard ELBO
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Optimization (/)
Parameters of reverse process can be learned by optimizing the standard ELBO
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Optimization (Simplified Version)
Through its reparmeterization, the objective simplifies to 
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Optimization (Simplified Version)
Through its reparmeterization, the objective simplifies to 
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Optimization (Simplified Version)
Through its reparmeterization, the objective simplifies to 
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Training / Sampling
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Training / Sampling
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Experiments
Compared to AR models, DDPM generates samples in a bi-directional manner!
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Experiments
Compared to AR models, DDPM generates samples in a bi-directional manner!
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GLIDE: Guided Language to Image Diffusion for Generation and Editing 

Class-conditional diffusion models can be implemented by classifier guidance
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GLIDE: Guided Language to Image Diffusion for Generation and Editing 

Classifier-free guidance for removing the need of a separate classier

vs.
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GLIDE (Model)
•  Using the ADM model architecture from Guided Diffusion  
•  Using the same dataset as DALL-E 
•  Two-stage training 

•  For the text encoding, a 1.2B parameter diffusion model is used 
•  For upsampling (64×64 → 256×256), a 1.5B parameter diffusion model is used
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Experiments (Generation)
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Experiments (Generation)
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Experiments (Generation)
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Experiments (Image Editing)
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Experiments (Image Editing)

“pink yarn ball” “red dog collar”
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Experiments (Image Editing)
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DALLE- - Overview

Ramesh et al. “Hierarchical Text-Conditional Image Generation with CLIP Latents”, arXiv’
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DALLE- - Overview
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DALLE- - Overview

Clip text feature Clip image feature
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DALLE- - Importance of Prior Model
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DALLE- - Objective
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DALLE- - Objective

Deterministic variable!
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DALLE- - Objective

Decoder Prior
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DALLE- Architecture - Details
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DALLE- Architecture - Details
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DALLE- Architecture - Details
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DALLE- Architecture - Details



kakaobrain Unthinkable Question

Ka
ka

ob
ra

in
Ka

ka
ob

ra
in

 ©
 A

ll 
rig

ht
s 

Re
se

rv
ed

.

42

DALLE- Architecture - Details
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DALLE- Architecture - Details
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Sample Examples (from reddit/Dall-e-)
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Sample Examples (from reddit/Dall-e-)
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Sample Examples (from reddit/Dall-e-)
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Sample Examples (from reddit/Dall-e-)
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DALLE- Architecture - Limitation
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Conclusion
Diffusion Models (DDPM, GLIDE, DALL-E )


