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Deep Learning and Transformers References

Deep Learning

Great reference for the theory and fundamentals of deep learning: Book by
Goodfellow and Bengio et al Bengio et al
Deep Learning History

Embeddings

SBERT and its usefulness
SBert Details

Instacart Search Relevance
Instacart Auto-Complete

Attention

Illustration of attention mechanism

(Univ. of Washington, Seattle) EEP 596: LLMs: From Transformers to GPT February 27, 2024 2/27


https://www.deeplearningbook.org/
https://developer.nvidia.com/blog/deep-learning-nutshell-history-training/
https://arxiv.org/pdf/1908.10084.pdf
https://www.sbert.net/
https://www.instacart.com/company/how-its-made/how-instacart-uses-embeddings-to-improve-search-relevance/
https://www.instacart.com/company/how-its-made/how-instacart-uses-machine-learning-driven-autocomplete-to-help-people-fill-their-carts/
https://jalammar.github.io/illustrated-transformer/

Generative Al References

Prompt Engineering
Prompt Design and Engineering: Introduction and Advanced Methods

Retrieval Augmented Generation (RAG)

Toolformer
RAG Toolformer explained

Misc GenAl references

Time-Aware Language Models as Temporal Knowledge Bases
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https://arxiv.org/abs/2401.14423
https://arxiv.org/pdf/2302.04761.pdf
https://arxiv.org/abs/2401.14423
https://vinija.ai/models/Toolformer/
https://arxiv.org/pdf/2106.15110.pdf

Generative Al references

Stable Diffusion

The Original Stable Diffusion Paper

Reference: CLIP

Diffusion Explainer: Visual Explanation for Text-to-image Stable Diffusion
Diffusion Explainer Demo

The lllustrated Stable Diffusion
Unet
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https://arxiv.org/pdf/2112.10752.pdf
https://openai.com/research/clip
https://arxiv.org/pdf/2305.03509.pdf
https://poloclub.github.io/diffusion-explainer/
https://jalammar.github.io/illustrated-stable-diffusion/
https://arxiv.org/pdf/1505.04597.pdf

Previous Lecture

@ Stable Diffusion Architecture

@ De-noising AutoEncoders in Stable Diffusion
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N
This Lecture

Stable Diffusion Recap
Unet Architecture

Diffusion Explainer Demo
Diffusion Notebook and ICE
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Stable Diffusion Explained

@ Based on the concept of “de-noising auto encoders” and the use of
text prompt to guide the de-noising

@ Stable diffusion is also trained to successfully de-noise and increase
the resolution of the image using text guidance

(Univ. of Washington, Seattle) EEP 596: LLMs: From Transformers to GPT February 27, 2024 7/27



-
Stable Diffusion High-Level

paradise

cosmic
beach

Reference: The lllustrated Stable Diffusion

v. of Washington, Seattle) EEP 596: LLMs: From Transformers to GPT February 27, 2024 8/27



https://jalammar.github.io/illustrated-stable-diffusion/

-
Stable Diffusion High-Level

Reference: The lllustrated Stable Diffusion
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https://jalammar.github.io/illustrated-stable-diffusion/

Stable Diffusion Components

Stable Diffusion

paradise Text

%OSFTWLC Understander
eac (Encoder)

Image
Generator

Reference: The lllustrated Stable Diffusion
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https://jalammar.github.io/illustrated-stable-diffusion/

Stable Diffusion Components

Stable Diffusion

aradise
IOcosmic Text Image

beach Encoder Generator

Reference: The lllustrated Stable Diffusion
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https://jalammar.github.io/illustrated-stable-diffusion/

Stable Diffusion Full Architecture

T —)
Latent Space Conditioning
E B —— Diffusion Process ———> emanti
Ma
z Denoising U-Net €y 2T Text
Repres
entations
D
Pixel Space
pq
denoising step crossattention  switch  skip connection concat
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Stable Diffusion Full Architecture
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-
Clip Pre-Training Architecture

1. Contrastive pre-training

pepper the Text

aussie pup Encoder
Image
Encoder
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CLIP pre-trains an image encoder and a text encoder to predict which images were paired

with which texts in our dataset. We then use this behavior to turn CLIP into a zero-shot

classifier. We convert all of a dataset's classes into captions such as “a photo of a dog” and

predict the class of the caption CLIP estimates best pairs with a given image.

Reference: CLIP

of Washington, Seattle)
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https://openai.com/research/clip

|
Clip Zero-Shot Prediction Process

2. Create dataset classifier from label text

“ a photo of Text

a{object). Encoder

3. Use for zero-shot prediction

T T, b

TImage

Encoder 5 LT, LT, LTy - T,

adog.
Reference: CLIP
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https://openai.com/research/clip

Clip Implementation Pseudo-code

Reference: CLIP

niv. of Washington, Seattle)

image_encoder

- CBOW or
minibatch

to embed
arameter

t feature repre h modality
I_f = image_encoder(I) +#
T_f = text_encoder(T) #[n, d_t

nt multimodal embedding [n, d_e
e = 12_normalize(np.dot(I_f, W_i), axis=1)
e = 12_normalize(np.dot(T_f, W_t), axis=1)
# scaled pairwise cosine similarities [n
logits = np.dot(I_e, T_e.T) * np.exp(t)

# symmetr on

labels = np.arange(n)

loss_i = cross_entropy_loss(logits, labels, axis=0)
loss_t = cross_entropy_loss(logits, labels, axis=1)
loss = (loss_i + loss_t)/2

Figure 3. Numpy-like pseudocode for the core of an implementa-
tion of CLIP.
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https://openai.com/research/clip

|
Clip Training Examples

L.
Photo pour Japanese Soaring by Peter far cry 4 concept art is the

CAPT' ON pagoda and old house in Eades reason why it 39 s a
Kyoto at twilight - image beautiful game vg247.
libre de droit Black Bedroom Furniture
Sets. Home Design Ideas

Question: How many examples used for Training? Reference: The
[llustrated Stable Diffusion
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https://jalammar.github.io/illustrated-stable-diffusion/
https://jalammar.github.io/illustrated-stable-diffusion/

Clip Training Process

@ Embed image
and text

Image
embedding

oD

\
_

Text
embedding

Text
Encoder

Reference: The lllustrated Stable Diffusion
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https://jalammar.github.io/illustrated-stable-diffusion/

Clip Training Process

Embed image Compare the
and text embeddings

Prediction Label

1 1
(Similar) (Similar)

Encoder

0 0
/ (Not similar) (Not similar)
o
Encoder
embecing

Reference: The lllustrated Stable Diffusion

Text
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https://jalammar.github.io/illustrated-stable-diffusion/

Clip Training Process

@ Embed image Compare the Update the
and text embeddings models

1 1
(Similar) (Similan)
0 0
(Not similar) (Not similar)

Reference: The lllustrated Stable Diffusion
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https://jalammar.github.io/illustrated-stable-diffusion/

Image Generation Process

Noise
Noise amount: Predictor

—_— (UNet)

with Text
Conditioning

Prompt text
information
(token embeddings) >

Reference: The lllustrated Stable Diffusion
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https://jalammar.github.io/illustrated-stable-diffusion/

Image Generation: Training Data

DATASET

OUTPUT / LABEL

noise sample

Reference: The lllustrated Stable Diffusion
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https://jalammar.github.io/illustrated-stable-diffusion/

Unet Architecture

Convolutional Encoder-Decoder
P
4

Inputimage 8 . . \64 4 8
Worldview- ds Skip connection
: Transporting information
at the same resolution.
==
8 128128 wss T
Down (sampling) Up (sampling)
side %, side
Encoder Decoder

=) conv 3x3, RelU
=) copy & crop
& maxpool 222

4+ up-sampling 2x2
conv 1x1
%
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N
Unet Architecture

input

output
\ma[?; "1 *{*|* segmentation
% map

=>conv 3x3, ReLU
copy and crop
¥ max pool 2x2
4 up-conv 2x2
= conv 1x1
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|
Unet Predictor (Without Text)

Noisy compressed
(latents)

e Predicted
r(Uhllet)or noise sample
Noise amount:

3

—

Reference: The lllustrated Stable Diffusion
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https://jalammar.github.io/illustrated-stable-diffusion/

-
Unet Predictor (With Text)

Noisy compressed
image E ————

(latents) .
Noise amount: Noise Predicted
3 Predictor noise sample

Net)
Text information % ~

(token embeddings)

Reference: The lllustrated Stable Diffusion
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https://jalammar.github.io/illustrated-stable-diffusion/

-
Generating Video from Text

Video Diffusion Models

T~

(X2, (52 My (%)% 2x My

(%)2, 2x Mz

(ze,¢, M) N2, My N2, 2x M x

Figure 1: The 3D U-Net architecture for X4 in the diffusion model. Each block represents a 4D
tensor with axes labeled as frames X height x width x channels, processed in a space-time factorized
manner as described in Section 3. The input is a noisy video z;, conditioning c, and the log SNR ).
The downsampling/upsampling blocks adjust the spatial input resolution height x width by a factor
of 2 through each of the K blocks. The channel counts are specified using channel multipliers M7,
Ma, ..., Mk, and the upsampling pass has concatenation skip connections to the downsampling pass.
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https://video-diffusion.github.io/

