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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
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Autoregressive Models
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Image Generation through GAN

Goodfellow et al. Generative Adversarial Nets. NeurIPS .
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Image Generation through GAN

Goodfellow et al. Generative Adversarial Nets. NeurIPS .
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Image Generation through GAN

Goodfellow et al. Generative Adversarial Nets. NeurIPS .



kakaobrain Unthinkable Question

Ka
ka

ob
ra

in
Ka

ka
ob

ra
in

 ©
 A

ll 
rig

ht
s 

Re
se

rv
ed

.

8

Autoregressive Image Generation
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Autoregressive Image Generation

Oord et al. Pixel Recurrent Neural Networks. ICML .
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Autoregressive Image Generation

Oord et al. Pixel Recurrent Neural Networks. ICML .
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Autoregressive Image Generation

Oord et al. Pixel Recurrent Neural Networks. ICML .
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Autoregressive Image Generation

Oord et al. Pixel Recurrent Neural Networks. ICML .

A single pixel



kakaobrain Unthinkable Question

Ka
ka

ob
ra

in
Ka

ka
ob

ra
in

 ©
 A

ll 
rig

ht
s 

Re
se

rv
ed

.

13

Autoregressive Image Generation

Oord et al. Pixel Recurrent Neural Networks. ICML .

A single pixel
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Autoregressive Image Generation
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PixelCNN

Oord et al. Pixel Recurrent Neural Networks. ICML .
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PixelCNN

Oord et al. Pixel Recurrent Neural Networks. ICML .

BGR

(H,W,)

Color intensity treated as a categorical variable
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PixelCNN

Oord et al. Pixel Recurrent Neural Networks. ICML .

BGR

(H,W,) Masked Conv. Block Linear

Cross Entropy Loss
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PixelCNN

Oord et al. Pixel Recurrent Neural Networks. ICML .

BGR

(H,W,) Masked Conv. Block

Cross Entropy Loss
  

  

  

Masked conv. filter
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PixelCNN

Oord et al. Pixel Recurrent Neural Networks. ICML .

BGR

(H,W,) Masked Conv. Block

Cross Entropy Loss
R G BContext

Mask for color channels

R G BContext

R G BContext
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PixelCNN

Oord et al. Pixel Recurrent Neural Networks. ICML .

BGR

(H,W,) Masked Conv. Block

Cross Entropy Loss
R G BContext

Mask for color channels

R G BContext

R G BContext

H*W*3 forward passes are required for sampling!
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PixelCNN++

Salimans et al. PixelCNN++: A Pixel CNN Implementation with DMoL and Other Modifications, ICLR .

BGR

(H,W,)

Color intensity treated as an ordinal variable
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PixelCNN++

Oord et al. Pixel Recurrent Neural Networks. ICML .

BGR

(H,W,) U-Net style Masked CNN Linear

DMoL Loss
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PixelCNN++

Oord et al. Pixel Recurrent Neural Networks. ICML .

BGR

(H,W,) U-Net style Masked CNN Linear

DMoL LossLong-range dependency!
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PixelCNN++

Oord et al. Pixel Recurrent Neural Networks. ICML .

BGR

(H,W,) U-Net style Masked CNN Linear

DMoL Loss
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Discretized Mixture of Logistic Loss

Oord et al. Pixel Recurrent Neural Networks. ICML .

“Assume there is a latent color intensity v with a continuous distribution, 
rounded to its nearest -bit representation to give the observed x”
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Discretized Mixture of Logistic Loss

Oord et al. Pixel Recurrent Neural Networks. ICML .

“Assume there is a latent color intensity v with a continuous distribution, 
rounded to its nearest -bit representation to give the observed x”
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Discretized Mixture of Logistic Loss

Oord et al. Pixel Recurrent Neural Networks. ICML .

“Assume there is a latent color intensity v with a continuous distribution, 
rounded to its nearest -bit representation to give the observed x”



kakaobrain Unthinkable Question

Ka
ka

ob
ra

in
Ka

ka
ob

ra
in

 ©
 A

ll 
rig

ht
s 

Re
se

rv
ed

.

28

Image Transformer

16

16

SOS (0,0) (7,8) (7,9) (15,15)

Input

Parma et al. Image Transformer, ICML’.
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Image Transformer

16

16

SOS (0,0) (7,8) (7,9) (15,15)

Input

Parma et al. Image Transformer, ICML’.
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Image Transformer

16

16

SOS (0,0) (7,8) (7,9) (15,15)

Input

Transformer Blocks

(0,0) (7,9) (15,15)(0,1)

Parma et al. Image Transformer, ICML’.
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Image Transformer

SOS (0,0) (7,8) (7,9) (15,15)

Transformer Blocks

(0,0) (7,8) (7,9) (15,15)(0,1)

Parma et al. Image Transformer, ICML’.
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Image Transformer (class-conditional)

16

16

Cls (0,0) (7,8) (7,9) (15,15)

Input

Transformer Blocks

(0,0) (7,8) (7,9) (15,15)(0,1)

Parma et al. Image Transformer, ICML’.
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Image Transformer (RGB)

Parma et al. Image Transformer, ICML’.

BGR



kakaobrain Unthinkable Question

Ka
ka

ob
ra

in
Ka

ka
ob

ra
in

 ©
 A

ll 
rig

ht
s 

Re
se

rv
ed

.

34

Image Transformer (RGB)

Parma et al. Image Transformer, ICML’.

BGR Linear  
Embedding Reshaped

SOS (0) (1) (N)
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Image Transformer (RGB)

Parma et al. Image Transformer, ICML’.

BGR Linear  
Embedding Reshaped

SOS (0)

Transformer Blocks

(1) (N)
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Image Transformer (RGB)

Parma et al. Image Transformer, ICML’.

BGR Linear  
Embedding Reshaped

SOS (0)

Transformer Blocks

(1) (N)

Linear  
EmbeddingCE Loss
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Pixel-level AR Generation

P(x,, x,, , x,) = ?




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Pixel-level AR Generation

P(x,, x,, , x,) = ?





Sequence length = 65K !?
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Patch-level AR Generation




P(x, x, , x)
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Patch-level AR Generation


 SOS

EOS

P(x, x, , x)
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Patch-level AR Generation

P(x, x, , x) =      P(xm |x<m)




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VQ(Vector Quantization)-VAE

Oord et al. Neural Discrete Representation Learning. NeurIPS .

Original Image
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VQ(Vector Quantization)-VAE

Oord et al. Neural Discrete Representation Learning. NeurIPS .

Encoder
Original Image
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VQ(Vector Quantization)-VAE

Oord et al. Neural Discrete Representation Learning. NeurIPS .

Codebook

Encoder

3

9

12

Original Image
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VQ(Vector Quantization)-VAE

Oord et al. Neural Discrete Representation Learning. NeurIPS .

Codebook

Encoder

3

9

12
Decoder

ReconstructionOriginal Image
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VQ(Vector Quantization)-VAE

Oord et al. Neural Discrete Representation Learning. NeurIPS .

Codebook

Encoder

3

9

12
Decoder

ReconstructionOriginal Image

Stage1



kakaobrain Unthinkable Question

Ka
ka

ob
ra

in
Ka

ka
ob

ra
in

 ©
 A

ll 
rig

ht
s 

Re
se

rv
ed

.

47

VQ(Vector Quantization)-VAE

Oord et al. Neural Discrete Representation Learning. NeurIPS .

Codebook

Encoder

3

9

12
Decoder

AR Modeling

ReconstructionOriginal Image

Stage2
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VQ-VAE Formulation

Oord et al. Neural Discrete Representation Learning. NeurIPS .
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VQ-VAE Formulation

Oord et al. Neural Discrete Representation Learning. NeurIPS .

Reconstruction loss
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VQ-VAE Formulation

Oord et al. Neural Discrete Representation Learning. NeurIPS .

Reconstruction loss Commitment loss
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VQ-VAE Formulation

Oord et al. Neural Discrete Representation Learning. NeurIPS .

Reconstruction loss Commitment loss

Codebook loss
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DALL-E: Text-to-Image AR Generation

C

P(xtxt, x, x, , x)  
=      P(xm |x<m, xtxt)

“A painting of a monkey 
with sunglasses”

Ramesh et al. Zero-shot Text-to-Image Generation. ICML .



kakaobrain Unthinkable Question

Ka
ka

ob
ra

in
Ka

ka
ob

ra
in

 ©
 A

ll 
rig

ht
s 

Re
se

rv
ed

.

53

DALL-E (Model)

CRamesh et al. Zero-shot Text-to-Image Generation. ICML .

Stage1 Stage2
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DALL-E (Model)

CRamesh et al. Zero-shot Text-to-Image Generation. ICML .

Stage1 Stage2
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DALL-E (Model)

CRamesh et al. Zero-shot Text-to-Image Generation. ICML .

Stage1 Stage2
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VQ-GAN

Esser et al. Taming Transformers for High-Resolution Image Synthesis. CVPR .
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VQ-GAN

Esser et al. Taming Transformers for High-Resolution Image Synthesis. CVPR .

256×256 → 32×32
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VQ-GAN

Esser et al. Taming Transformers for High-Resolution Image Synthesis. CVPR .

256×256 → 16×16
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59

Naive Sampling

SOS

Transformer Blocks
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60

Naive Sampling

SOS

(0,0)

Transformer Blocks
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Naive Sampling

SOS

(0,0)

Transformer Blocks

(0,0)
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Naive Sampling

SOS

(0,0)

Transformer Blocks

(0,0)

(0,1)
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Naive Sampling

SOS

(0,0)

Transformer Blocks

(0,0)

(0,1) (0,2)

(0,1)
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Naive Sampling

SOS

(0,0)

Transformer Blocks

(0,0)

(0,1) (0,2)

(0,1)

Need to re-compute hidden representations 
between previous selected tokens!
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Fast Sampling - Caching

SOS

(0,0)

Transformer Blocks

(0,0)

(0,1) (0,2)

(0,1)

새로운 토큰
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Fast Sampling - Caching

SOS

(0,0)

Transformer Blocks

(0,0)

(0,1) (0,2)

(0,1)

새로운 토큰
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Advanced Topics
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minDALL-E (publicly available)
.B text-to-image autoregressive generation model trained on M pairs

https://github.com/kakaobrain/minDALL-E
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minDALL-E = VQGAN + Transformer D

Esser et al. Taming Transformers for High-Resolution Image Synthesis. CVPR .
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minDALL-E = VQGAN + Transformer D

Esser et al. Taming Transformers for High-Resolution Image Synthesis. CVPR .
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Quantitative Results

Model
CC3M Validation COCO Validation

CLIP Score FID-30K FID-30K (re;ranking)

VQ#GAN 0.20 - -

ImageBART 0.23 - -

DALL#E - 34.5 27.5

minDALL#E 0.26 19.6 14.7
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Sampling Time
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Sampling Time
S

a
m

p
lin

g
 S

p
ee

d
 (s

ec
)

15

20

25

30

16 32 64 96

ReJranking
3.32

Decoding
0.02

Code Gen
23.16

A single V100
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Characteristic w.r.t. Hyper-parameters
A painting of a cherry blossom tree

Top-K = , Temp=. Top-K = , Temp=. Top-K = , Temp=.
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Characteristic w.r.t. Hyper-parameters

Top-K = , Temp=.

A painting of a cherry blossom tree



kakaobrain Unthinkable Question

Ka
ka

ob
ra

in
Ka

ka
ob

ra
in

 ©
 A

ll 
rig

ht
s 

Re
se

rv
ed

.

76

Characteristic w.r.t. Hyper-parameters
A painting of a cherry blossom tree

Top-K = , Temp=.
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Characteristic w.r.t. Hyper-parameters
A painting of a cherry blossom tree

Top-K = , Temp=.
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Our Research

Sampling/
Training 

Speed-up

Fine-grained 
Sampling



kakaobrain Unthinkable Question

Ka
ka

ob
ra

in
Ka

ka
ob

ra
in

 ©
 A

ll 
rig

ht
s 

Re
se

rv
ed

.

79

Our Research

Sampling/
Training 

Speed-up

Fine-grained 
Sampling
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Why training/sampling slow?

16

16
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Why training/sampling slow?

8

8
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Residual-Quantized VAE (RQ-VAE)
Coarse-to-fine reconstruction by residual quantization

Lee et al. Autoregressive Image Generation using Residual Quantization, CVPR’.
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Residual-Quantized VAE (RQ-VAE)

Original Depth  Depth  Depth  Depth 

Coarse-to-fine reconstruction by residual quantization

Lee et al. Autoregressive Image Generation using Residual Quantization, CVPR’.
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RQ-VAE & RQ-Transformer

Lee et al. Autoregressive Image Generation using Residual Quantization, CVPR’.
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RQ-VAE & RQ-Transformer

Lee et al. Autoregressive Image Generation using Residual Quantization, CVPR’.
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RQ-Transformer
RQ-Transformer is more efficient than previous AR models in Text-to-Image / class-cond. Image 
generation task, while performs better than ones

Lee et al. Autoregressive Image Generation using Residual Quantization, CVPR’.
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RQ-Transformer
RQ-Transformer is more efficient than previous AR models in Text-to-Image / class-cond. Image 
generation task, while performs better than ones

Lee et al. Autoregressive Image Generation using Residual Quantization, CVPR’.



kakaobrain Unthinkable Question

Ka
ka

ob
ra

in
Ka

ka
ob

ra
in

 ©
 A

ll 
rig

ht
s 

Re
se

rv
ed

.

88

Our Research
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Sampling
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Multi-scale VQ for Enhancement

Razavi et al. Generating Diverse High-Fidelity Images with VQ-VAE-. NeurIPS .

EncoderOriginal 

9

3

9
90 1

8

Decoder Reconstruction



kakaobrain Unthinkable Question

Ka
ka

ob
ra

in
Ka

ka
ob

ra
in

 ©
 A

ll 
rig

ht
s 

Re
se

rv
ed

.

90

Multi-scale VQ for Enhancement

 x  sequence

 x  sequence

Big Transformer

Text prompt



kakaobrain Unthinkable Question

Ka
ka

ob
ra

in
Ka

ka
ob

ra
in

 ©
 A

ll 
rig

ht
s 

Re
se

rv
ed

.

91

Multi-scale VQ for Enhancement

 x  sequence

 x  sequence Light Transformer
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Multi-scale VQ for Enhancement
A cartoon character of a pineapple A painting of a monkey with sunglasses in the frame

minDALL-E

minDALL-E +  
multi-scale VQ
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Multi-scale VQ for Enhancement
Café Terrace at Night An illustration of a yellow ghost with a computer

minDALL-E

minDALL-E +  
multi-scale VQ
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Conclusion
Autoregressive Models / Ours Approaches


