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a store front that has the word 
‘openai’ written on it

an armchair in the shape of an 
avocado. 

an illustration of a baby cucumber 
in a cape playing a guitar.

Input Text Prompt Generated Images

combining unrelated concepts 
in plausible ways

creating anthropomorphized 
versions of animals and 
objects

rendering text

DALL·E’s Diverse Capabilities
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Input Text Prompt

Generated Images

Text to Image Generation
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§ AlignDRAW (DRAW generative model + condition on image caption)
§ GAN based conditional image generation – Reed et. Al.
§ StackGAN 2017
§ StackGAN++ 2018
§ AttentionGAN
§ DMGAN
§ DFGAN
§ TRECS – uses mouse traces

Related Works: Text to Image Generation
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GAN based Conditional Image Generation[1]
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Deep Fusion GAN (DF-GAN[2])
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Could scaled dataset size and model enhance performance?

with Transformer??

DALL·E
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Technical Details
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§ 12B parameter transformer decoder + discrete VAE

§ 250M image-text pairs

DALL·E
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§ Statistics: 250M image-text pairs

§ Sources
• Google’s Conceptual Captions
• text – image pairs from Wikipedia 
• filtered subset of YFCC100M (obtained from Flicker)

§ Data Overlap Test
• Train a contrastive model 
• Sort and manual inspection for threshold to remove images

Data Collection
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DALL·E Modeling
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DALL·E Modeling

Lower Bound
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DALL·E Modeling

§ Stage1: 
• Optimize lower bound w.r.t. and  
• trains discrete VAE (dVAE) to learn image encoding

§ Stage 2: 
• Optimize lower bound w.r.t.
• trains transformer to model conditional distribution of image tokens given text

Lower Bound

𝜃 𝜙

𝜓

VAE𝛽-
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§ Encoder Output 
• Final embedding - 32 x 32 x 8192
• ResnetV2 structure (improved over original Resnet)

§ Decoder
• Decoder block: ResnetV2 block + Nearest Neighbor upsampling

DALL·E Stage 1 - dVAE

ResnetV2 [4]Original 
Resnet

CNN CNN

Encoder Decoder

32 

8192

32 

Categorical reparameterization 
using Gumbel-softmax relaxation[5,6]
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§ – uniform distribution over the K = 8192 codebook vectors  
§ – categorical distribution for each spatial position in 32 x 32 grid output by encoder
§ – evaluated using

DALL·E Stage 1 - dVAE

CNN CNN

Encoder Decoder

32 

8192

32 

Categorical reparameterization 
using Gumbel-softmax relaxation[5,6]
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§ Learn prior distribution over text and image tokens
• Text – 256 tokens (vocabulary size = 16384)
• Image – 32 x 32 = 1024 tokens (codebook size = 8192)

§ Model Architecture
• autoregressive sparse transformer decoder (64 self-attention layers)

• Masking
§ text-2-image attention – no mask
§ text-2-text attention – casual 
§ image-2-image attention – row, column or convolutional attention masks

§ Loss
• Categorical cross entropy (weighted averaging for text (1/8) and 

image (7/8) – emphasize image modeling)

DALL·E Stage 2

Decoder layer 63

Decoder layer 62

Decoder layer 0

256 BPE encoded 
text tokens 

1024 image tokens 

𝑥! 𝑥"#!

𝑧$ 𝑧! 𝑧% 𝑧&#!

Fig: DALL-E Transformer 
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Sample Generation Process

Decoder layer 63

Decoder layer 62

Decoder layer 0

VAE 
Decoder

𝑝!(𝑧|𝑥)

𝑝"(𝑦|𝑧, 𝑥)

1. Generate image tokens by conditioning on 
text tokens using transformer

2. Generate image pixels from image tokens 
using VAE decodera giraffe face in jungle

BPE encoded 
text tokens 
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§ Re-rank generated 
samples using a pretrained 
CLIP model

Sample Evaluation

Fig: CLIP model[9]
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Evaluation
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§ DALL-E
§ DF-GAN
§ DM-GAN
§ AttnGAN

Comparison
a cute cat laying 

by a big bike

china airlines plane at 
airport with baggage 

cars

a table with train 
model and cars and 

things
a living room with 

tv and guitars
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§ 5 independent human annotators (Amazon Mechanical Turk)

DALL-E v/s DFGAN Human Evaluation
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DALL-E v/s DFGAN Comparison
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§ Unanticipated and no 
explicit modification in 
training 

§ Emerged during test

Zero Shot Image to Image Translation
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Recent Works

DALL-E 2[8] (OpenAI) Make-A-Video[7] (meta)
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Thank you!
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