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Preface

Lately, transformer architecture has appeared as a swiss knife for Machine Learning
architecture. The transformer architecture is at the heart of most recent breakthroughs in
Generative Artificial Intelligence. For instance, tools like ChatGPT and BARD, perceived
by many as paving stones towards artificial general intelligence, are built on Transformer
foundations. Thus, it is imperative for data scientists, ML Engineers, and Technologists to
understand how this architecture can solve various ML tasks.

This book provides both theoretical and practical understanding of transformer
architecture. Specifically, we will cover these ML tasks: Natural Language Processing
(NLP), Computer Vision, Speech Processing, Tabular Data Processing, Reinforcement
Learning, and Multi-Modalities. Center to the book are four major ML tasks, each explored
in depth across two chapters. The initial chapter lays the groundwork by discussing the
conceptual understanding. Here, we discuss the inner working of transformer architecture
to solve tasks and discuss the architecture of major foundational models. Following this,
the subsequent chapters focus on the practical understanding of pre-training, fine-tuning
and using open source models to solve the ML tasks. This book will demonstrate practical
applications through several comprehensive, end-to-end projects.

To equip with comprehensive understanding, the book has dedicated chapters for Hugging
Face Ecosystem, transfer learning and deploying and serving transformer models. We will
also delve deeper into best practices and debugging transfomer model developed utilizing
PyTorch and Hugging Face.

The pre-requisite for this book is basic understanding of PyTorch and deep learning.
This book will benefit data scientists and ML engineers who are seeking to enhance
their knowledge of transformer models and learn how to develop ML engines using the
transformer architecture and Hugging Face’s transformer library. It will also be valuable
for developers and software architects looking to integrate transformer-based models
into their existing software products. Additionally, AI enthusiasts interested in the latest
developments in cutting-edge ML methods will find this book useful.

In summary, you will gain a conceptual understanding of transformer architecture and
practical knowledge on how to solve various ML tasks using this architecture. Happy
reading!

Chapter 1: Transformer Architecture — This chapter gives the readers an overview of the
evolution of NLP models over time and how each previous development has influenced
the transformer architecture. The majority of this chapter discusses the conceptual
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understanding of the transformer architecture, illustrating details on the encoder, decoder,
positional encoding, and embedding. The chapter also explains to readers about different
variations of the transformer architecture and their applications in solving NLP tasks.

Chapter 2: Hugging Face Ecosystem — This chapter provides a thorough understanding of
the core functionalities and features of the Hugging Face ecosystem, specifically focusing
on the transformers, datasets, and tokenizers libraries. The chapter explains how to use the
Hugging Face ecosystem for using pre-trained models, fine-tuning existing models, and
sharing your models. We will walk you through each step of this process, using practical
examples, specifically fine-tuning the Dreambooth model (personalizing text to image
generation).

Chapter 3: Transformer Model in PyTorch — This chapter will give the readers a detailed
understanding of the PyTorch implementation of the transformer architecture, thoroughly
examining its various components. This includes learning how to build models in different
configurations, such as encoder only, decoder only, and the combined encoder-decoder
setup in PyTorch. All of these concepts are explaned through three projects implemented
in Pytorch: 1. Classifier—IMDB sentiment 2. Text Generation—Shakespear poet 3. Machine
Translation—English to German. This chapter is all about getting you comfortable and
confident with how Transformer models work in PyTorch.

Chapter 4: Transfer Learning with PyTorch and Hugging Face — This chapter provides a
complete picture of what transfer learning is, why it is useful, and where it can be used.
We will showcase the transfer learning by building the real news vs. fake news project.

Chapter 5: Large Language Models: BERT, GPT-3, and BART - This chapter discusses the
key concepts of Large Language Models (LLMs). It will also discuss the key determinants
of LLM performance. Additionally, we will look at the architecture of pioneering LLMs.
We will conclude this chapter by showcasing how you can create your own LLM with
your data.

Chapter 6: NLP Tasks with Transformers — This chapter will provide a detailed
understanding of key NLP tasks and the corresponding transformer models used to
solve these tasks. We will also discuss handling long sequences in transformers. We will
explore these concepts through three projects: 1. Handling long sequences by chunking,
2. Handling long sequences with hierarchical attention, and 3. Generating Shakespeare-
like text using GPT-2 and Tiny Shakespeare.

Chapter 7: CV Model Anatomy: ViT, DETR, and DeiT - This chapter will provide a
foundational understanding of image pre-processing techniques and their significance in
computer vision tasks. The chapter delve into the architecture and workings of the Vision
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Transformer (ViT), Distilled Vision Transformer (DeiT) and Detection Transformer
(DETR). We will illustrate all these concepts by three projects.

Chapter 8: Computer Vision Tasks with Transformers — This chapter serves as a
comprehensive understanding of various computer vision tasks and their applications.
We will look at three main tasks here, namely, Image Segmentation, Classification, and
Image Generation. We will explain these concepts through training and developing three
machine learning models: 1. Food Image Segmentation, 2. Comparison of DEIT and
RESNET, and 3. Dog Image Generation.

Chapter 9: Speech Processing Model Anatomy: Whisper, SpeechT5, and Wav2Vec - This
chapter provides a foundational understanding of speech pre-processing, and a detailed
analysis of Whisper, SpeechT5, and Wav2Vec Architecture.

Chapter 10: Speech Tasks with Transformers — This chapter will provide a comprehensive
understanding of various speech processing tasks and their applications in real-world
scenarios. We will look at into three major tasks here: 1. Text-to-Speech 2. Automatic
Speech Recognition, and 3. Audio-to-Audio. We will explain these concepts through real
world projects

Chapter 11: Transformer Architecture for Tabular Data Processing — This chapter
will look at the following architecture: 1. Google’s TAPAS for quering the tabular data,
2. TabTransformer for Structured Data, and 3. FT Transformer for structured data. We will
explain these architecture through real world examples.

Chapter 12: Transformers for Tabular Data Regression and Classification — This chapter
explores the application of transformers in tabular data processing. We will also delve into
the implementation of transformers such as TabTransformer, FT Transformer, and TabNet
for solving classification and regression problems. The chapter illustrates these models
by solving both classification and regression problems and comparing the results with
XGBoost. In summary, the goal of this chapter is to provide a detailed explanation of how
we can use Transformer Architecture for machine learning with structured data.

Chapter 13: Multimodal Transformers, Architectures and Applications — This chapter
is an explanation of how transformers can handle multiple data types in a single model.
We will discuss two major architectures: ImageBind Architecture (Meta’s architecture that
combines text, audio, IMU, thermal, depth, and image) and CLIP Architecture (text and
image). This chapter also explains different multi-modal tasks.

Chapter 14: Explore Reinforcement Learning for Transformer — This chapter discusses the
fundamentals of Reinforcement Learning (RL) and the most common tools in PyTorch, as
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well as the process of building an RL model. This chapter will walk you through developing
a Trading Model using tools like Gym, Stable Baselines®’, and Yfinance. Additionally,
this chapter illustrates two major RL architectures: Decision transformer and trajectory
transformer, which are significant transformer architectures used in RL.

Chapter 15: Model Export, Serving, and Deployment — This chapter provides a
comprehensive exploration of the machine learning lifecycle, focusing on model
serialization, export, and deployment. Specifically, the chapter illustrates exporting
PyTorch models to interoperable formats like ONNX, as well as the usage of PyTorch Script
and Pickle. The chapter also provides a practical illustration of serving a PyTorch model
using FastAPI and sharing model through Hugging Face. The goal is to equip readers with
the knowledge and tools needed to efficiently export, serve, and deploy machine learning
models.

Chapter 16: Transformer Model Interpretability, and Experimental Visualization — This
chapter discusses the concepts of model interpretability and explainability. The chapter
explores various tools that can be used for model interpretability and explainability. It
provides a practical example of using CAPTUM for interpreting transformer models.
Additionally, the chapter showcases how to use TensorBoard for model visualization,
logging, and interpretation

Chapter 17: PyTorch Models: Best Practices and Debugging— The chapter discusses
practical guidelines and best practices for building transformer models using both the
general PyTorch Library and the Hugging Face Library. It then discusses a structured
approach to debugging PyTorch models. The chapter illustrates all these concepts through
real-world examples.

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

xi

Code Bundle and Coloured Images

Please follow the link to download the
Code Bundle and the Coloured Images of the book:

https://rebrand.ly/hydtz8g

The code bundle for the book is also hosted on GitHub at
https://github.com/bpbpublications/Building-Transformer-Models-with-PyTorch-2.0.

In case there’s an update to the code, it will be updated on the existing GitHub repository.

We have code bundles from our rich catalogue of books and videos available at https://
github.com/bpbpublications. Check them out!

Errata

We take immense pride in our work at BPB Publications and follow best practices to
ensure the accuracy of our content to provide with an indulging reading experience to our
subscribers. Our readers are our mirrors, and we use their inputs to reflect and improve
upon human errors, if any, that may have occurred during the publishing processes
involved. To let us maintain the quality and help us reach out to any readers who might be
having difficulties due to any unforeseen errors, please write to us at :

errata@bpbonline.com

Your support, suggestions and feedbacks are highly appreciated by the BPB Publications’
Family.

Did you know that BPB offers eBook versions of every book published, with PDF
and ePub files available? You can upgrade to the eBook version at www.bpbonline.
com and as a print book customer, you are entitled to a discount on the eBook copy.
Get in touch with us at :

business@bpbonline.com for more details.

At www.bpbonline.com, you can also read a collection of free technical articles,
sign up for a range of free newsletters, and receive exclusive discounts and offers
on BPB books and eBooks.

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

xii

Piracy

If you come across any illegal copies of our works in any form on the internet,
we would be grateful if you would provide us with the location address or
website name. Please contact us at business@bpbonline.com with a link to
the material.

If you are interested in becoming an author

If there is a topic that you have expertise in, and you are interested in either
writing or contributing to a book, please visit www.bpbonline.com. We have
worked with thousands of developers and tech professionals, just like you, to
help them share their insights with the global tech community. You can make
a general application, apply for a specific hot topic that we are recruiting an
author for, or submit your own idea.

Reviews

Please leave a review. Once you have read and used this book, why not leave
a review on the site that you purchased it from? Potential readers can then see
and use your unbiased opinion to make purchase decisions. We at BPB can
understand what you think about our products, and our authors can see your
feedback on their book. Thank you!

For more information about BPB, please visit www.bpbonline.com.

Join our book’s Discord space

Join the book’s Discord Workspace for Latest updates, Offers, Tech happenings around the
world, New Release and Sessions with the Authors:

https://discord.bpbonline.com

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

xiii

Table of Contents

1. Transformer Architecture . . . . . .- 1
INErOAUCHON .. 1
SETUCHUTE vt 2
ODJECHIVES ... 2
Chronology of NLP model development ...........ccccuciiriciniciiiniciiciciciciecciscieeens 2

Recurrent neural nettoork ... 3
Limitation of RNN .....ccooviiiiiiiiiiiiciecccttces e 4
LESTM oottt 4
Limitation 0f LSTM .......cccocviiiiiiiiiiiiiiiiciciiititciceicct i 5
Cho’s (2014) RNN encoder decoder ..............cccciiiiiiiiiiiiiiiiiciiiiiiiiiiiseieiccicccsiia 5
Bahdanau’s (2014) attention MeCHANISI .............cccvueeuciiiiiiiiiiciccccii s 6
Transformer architeCtUTE ..........ccvviueuriiecueiiciercie ettt aees 7
EMBEAAING......ooveviiiiiiiiiiicccc s 8
Positional @NCOdiNgG .........cccooviiiiiiiiiiiiiiiiiiiiicicitse s 9
MOGCT THPUL ..ot 11
ENCOAING [AYET ...t 12
AN ion MECHANISII .........c.cccuvuiuiiiiiiiiiiiiiiecccic s 14
SEIf-AHENEION ..o 14
Multiheaded AtENEION..........oovvveviviieiiiiiciccicitcicc 15

Decoder LAYCT ...ttt 15
Training process of transformer ... 17
Inference process of transfOrmer ..o 17
Types of transformers and their applications ...........cccceuciuvicinicininiiiniciniicsccceaes 17
Encoder only MOdel ...............cccooviuiiiieiiiiiiiiiiiiccicece e 17
Decoder-0nly MOAeL.............ccvueuviiieiiiiiiiiiiicicicccitccc s 18
Encoder-decoder mMOdel................ccvovoviimiiiieieiciiiiiiiicieieee s 19
CONCIUSION ..ot 19
QUIZ o 19
ANISWETS ..ttt 22

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

Xiv

2. Hugging Face Ecosystem............ 23
INETOAUCHON ..ot 23
SEIUCKUTE .ot 23
ODJECHIVES ...t 24

SYSEOI TESOUTCES ...vvvvveiiveieieicicct et 24
Overview of Hugging Face............cccoeiiiiiniiiiiiiccccces 24
Key component of HUZGING FACE ..........ccvvvvvviiiiiieieiciciciiiiccceeiee i 25
TOKETUIZETS ..ottt e 26
Create your custorm TOKENIZET ...........ccvvueueueieieiiiiiiiicicciccec s 26
THAIITITIG v vttt 27
THfETCIICE ... 27

Use pre-trained tokenizer from Hugging FACe...........c.ccccovvviviiiiiiiiiiiiiiiiiciciicici, 28
DatasetS....uouiiieeiec s 29
Using Hugging Face dataset .................cccceuevviiiiiiiiiiniciiiiiiiiiiiiciecccicccceesea 29
Using the Hugging Face dataset 01 PYTOTCH...........ccccovvuiumeieieieiiiciiiccciceeeic 30
MOAEIS ..ot 31
ENvironmental SCEUP ............covvviiuiucieicieisiciiiicccee e 32
THAINITLG vttt 32
THfETCIICE ... 33

Sharing your model on Hugging Face...........c.ccccccviiiiniiiniciiniccceccescecees 35
MO L ... 35
SPACES. ...ttt 35
CONCIUSION ..ottt 36
QUIZ e ettt e et et e e et et e e ae e eteeere e e reeeaetenteeenaeeenaeeereeereens 37
ANISWETS ..ottt 38

3. Transformer Model in PyTorch . . . . . 39
INEPOAUCHION ..o 39
SHUCEUTE ..o 39
ODJECHIVES ...ttt 40
SYSLEIM TESOUTCES ...ttt 40
Transformer components in PyTOrch ...........ccoeiiicinininicciiccecscecieaes 40

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

X0

EmMbedding ...

EXAMPLC ..ottt
Positional enCOdiNG..........coviiiiiiiiiiiiic e
IMASKINIZ ...t
Encoder component of a transformer ...........ccccevioiiiccciceicce
Decoder component of a transformer ..o
Transformer layer in PYTOrch..........coociiiiiiiiiiiiciccscccce s

(@10} Tal LT3 To) s KOO

4. Transfer Learning with PyTorch and Hugging Face

INErOAUCHON ..o
SEUCHUTE v
ODJECHIVES ...ttt
SyStem TeqUIreMENLS .........ccociiiiiiiiiiiiicc e
Need of transfer learning ..o
Using transfer learning...........ccocveeiiiiiiccccecciee e
Where can you get pre-trained model ..o

Popular pre-trained model ............cccooiiiiiiiii,

COMPULET DISION ..t
SPEECH PTOCESSITIG ...t
Project: Develop classifier by fine tuning BERT-base-uncased...........cccceeuriririiiinnnnnes
Custom dataset ClASS ...........ooeveveveveviiiiiiiiieieieic e
DataLoader ...........ccvviiiiiiiiiiiiiiiciiiiitcici
THfOTCIICE ...

(@) Tl LT T3 To) s KPR

5. Large Language Models: BERT, GPT-3, and BART

TIETOAUCHION ettt ettt e et e e s et e e e eateeseaaeeeseaseeseateessnsesssnneas

o104 DT 1 1 s <SRRI

Kup ksigzke

42
43
43
45
46
48
50
51
52
54

55

55
56
56
56
57
58
60
60
60
61
61
62
65
67
70
72
72
75


http://helion.pl/page354U~rt/e_41r0_ebook

xvi

ODJECHIVES ...ttt 78
Large language model...........ccoiiiiiiiiiiiiiic e 78
Key determinants of performance...........ccooeeeueininininiiicccinicncc e 80
Size of network: Number of encoder and decoder [ayers .............cccocvvvevniiiiiiiiinannns 80
Number of Model PArAmMeLers ...........cccveueueeieieiiiiiiicceeseesccce e 80
Max-sequence [ength ...........cccvvveiecciiiiiiiiiiiiccc 80

Size of embedding AiMeNSION ...........ccovovvreururieiiisieiciiiiccce e 80
Pre-training dataset size ANd LYPES............ccovvvviiiiiiiiiiiieiiiiiiccce e 80
Pioneering LLMs and their impact..........cccocuiiriiinicininiiicniciiccscccececiaes 81
BERT and itS DATIANES ....c.cvvviviveieiivticictcieieie et e 81
BERT Pre-training ........cccooeeeeeeeviiiiiieieieicecciitissse e 81

BERT fine-tUNMING ......ccccvueuiiiiiiiiiiiciciciciciciitis et 82

BERT VATIAEIONS ..ottt 83
APPLICALIONS ..t 83
Generative pre-trained TranSfOrmer..........oocvvvviiovivcceicsiiiiiiiccceee s 84
Pre-training of GPT ........ccccoviiiiiiiiiiiiiciicicccccts s 84
APPLICALIONS ..o 86
Bidirectional and Auto-Regressive Transformers ............ccccvvevvvvveviiiinnncciicinisiiiininnns 86
Pre-training.........cceeiioiiiiiiiiiiieicicccee s 86
APPLICALION ..ot 87
Creating your own LLM .....ccooiiii e 87
CIRICAL-BEIt ... 88
CONCIUSION ..ottt 89
QUIZ e ettt ettt e et et e e et e e te e ete e e rteeteeerateetaeenaeeenaeeereeereen 90
ANISWETS ..ottt 92
6. NLP Tasks with Transformers.. . . . . . 93
INEPOAUCHION ..o 93
SHUCEUTE .. 93
ODJECHIVES ...ttt 94
System reqUIreMENtS ..........ccciiiiiiiiiiiiiiii e 94

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

INLP taSKS. .. 94
Text classification ... 96
Most appropriate architecture for text classification............cocovvvvcciiiiiiiiciciiiccncnn, 96
Text classification via fine-tunning transforMmer ..........coocvvvvvevviccccssieieiccccceenenes 96
Handling [01g SEGUETICE ...........ccouvueiviiiiiiiiiiciiiiciiiiiectsieet st 97
Project 1: Document CHUNKING............cccocovviviiiiiiiiiiiiiiciiicicc s 97
Project 2: Hierarchical AHENLION ............ccvvuvueueieieiiiiiiiccicicieie st 98
Text EeNeration ........ccccciiiiiiiiiiii e 99
Project 3: Shakespeare like text ENeration.............coccvvvivieiiiiinieicciiiiiiiiiiciciccccsicas 99
Data preparation ............ceeeieeeiiiiisieieieiiiiiitess e 99
THAINITIG ottt 101
ChatBot with transformer...........cccoviiienicicc s 103
Project 4: Clinical question answering transformer ............cccoeeevevvveeeeieiirininnnns 104
Data preparation ... 104

Model declaration..............ccvcviiiiiiiiiiiiiiiciciiiiiciccc 104
Creating prompt and tOKeniZAtion .............ccccovvvvvccueeisisisiiiiiicccieie e 104
Training with PEFT and LORA ......c.cocceirrieinecieinteieteecieiseseietseeee et seaees 105
CONCIUSION ..ot 107
QULZ ettt ettt e et e e rte e et e e e b e e ta e e bae e beeeabaeeabeeatbe e baeebaeeteesabeeeabeesren 107
ATISWRTS ...ttt ettt ettt a et a e 109
7. CV Model Anatomy: ViT, DETR, and DeiT v eneaaes 111
INErOAUCHON ..o 111
SEIUCHUTE i 112
ODJECLIVES ...ttt 112
System reqUITEMENtS ........cccovvviiiiiiiiiii e 112
Image Pre-ProCesSINE ... 113
Example of image pre-proCessing ...........ccowweeeiriiiiveenisisisisiiiisccsisssssssessssscsssenns 114
Vision transformer architeCture ............ccoucuiueiiiniciniciniiniciiceceeeeceeeee s 116
Project 1: Al e dOCEOT ..ottt 118
Distillation transformer............ccooiiiiiiiiniiiic s 119
AdvANtAZes Of DEiT .........ccvvueveieieieiiiiiiicciee e 120
EXCICISE wvvvvieiitiitee e 120

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

xX0Uiii

Detection transformer ... 120
Project 2: Object detection mModel ................cccoveiiiiiiiiiiiiiiiiiiiciccicceec 122
CONCIUSION ..ot 124
QUIZ et e ettt e et e e et e e e e e tae e ae e e teeeaeeeareee e e eeteeenreeereeeareenaneen 125
ANISWETS ..ttt 127
8. Computer Vision Tasks with Transformers . . S 129
INErOAUCHON ... 129
SEIUCKUTE ..ot 129
ODJECHIVES ...ttt 130
System reqUIreMEeNtS ..o 130
Computer VISION tasK ........coceruriiiriiiiiiiicccie e 130
Image classifiCAtION...........ccccvvvviiieiiiiiiiiitiicicic e 131
EXCTCISE .ot 132

Image SegMENtAtiON..........ocvvveviiviiiiiciiiicce s 132
Project 1: Image segmentation for our diet calculator ............cocoevvvevevvvvcieieiiiirinnnnnes 133
Diffusion model: Unconditional image generation .............cccceceeevvviiininiicniiinninnnns 134
Forward difftlSion ............cccveueeeieiciiiiiiiccice e 135
Backward diffusion ..............cccceeeiiiiiiiiiiiiiiic 136
INfETOILCE PTOCESS ...ttt 136
Learnable PATATIEIETS. .........cvcuveeciiieiiiieicieieieetsse ettt 137
Project 2: DOGGENDIffUSION .......ovveveiiiiiiiiicicieieicieiittccciee s 137
CONCIUSION ...t 137
QULZ ettt ettt e e te e et e e et e e et e e tb e e tae e be e e beeeabe e abe e taeebaeebeeeareeeabeerren 138
ANISWETS c..vviiicnete ettt a e a et n et 140
9. Speech Processing Model Anatomy: Whisper, SpeechT5, and Wav2Vec............... 141
INErOAUCHON ..o 141
SEUCHUTE .o 141
ODJECHIVES ...t 142
System reqUIreMENtS .........ccccovvviiiiiiiiiiei e 142
SPEECH PIOCESSING ... 142
Example of speech pre-processing.............cccuvvvvieurueieieieiiiiiiiiieiessissisisesscsssssses 143

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

xix

WHRESPET ..o s 145
Project 1: WHISPEr_INep...........ccccvuiiiiiiiiiiiiiiiiiciciiitictctes et 147
TASK ...t 147
APPIOACH ..o 147
WAV2VEC.....ooiiiiiiiiii s 147
Applications Of WAD2VEC ........cccueviiiiiiiiiiiiciiiciciciiicicceccc s 150
SPEECITS ... 150
INput/ OULPUE TEPTESENMEALION. ...ttt 150
Cross-modal 1epreSentation.............ccvvvvururueieieieiiiiiiicce s 152
Encoder-decoder ArchiteCtlre ............cccvovvvvieuciciiiiiiiiiiiciciciciciccti e 152
Pre-tr@ining .......coevevviiiiiiiiiiieieiec s 152
Fine-tuning and applications ............cccoovveiemciiiiiiiiiiiiiecccccct s 152
Comparing Whisper, Wav2Vec 2.0 and Speech T5..........ccccoevuviuniiinininiinicininicicnns 152
CONCIUSION ..o 153
QULZ ettt e e be e et e e et e e e tb e e ta e e bae e beeebeeeabe e abe e baeebaeebeeearaeeareerrean 153
ANISWETS c..vviitcniietie ettt a et n et 156
10. Speech Tasks with Transformers . . . cererenerenenenssaeas 157
INErOAUCHON ..o 157
SEUCHUTE .o 158
ODJECHIVES ...t 158
System reqUIreMENtS .........ccccovvviiiiiiiiiiei e 158
Speech Processing tasks ..o s 159
SPEECH 10 EOXE ettt s 159
Project 1: Custom audio transcription with ASR using Whisper ............c.ccccccvevevnnnn. 160
TeXt-t0-SPEECH ...t 162
Project 2: Implementing text-t0-Speech ............ccccvvvvviivcivinininciiiiiiiiiicceccccc 162
AUdIO t0 QUAIO....c.iiiiiii e 165
Project 3: Audio quality improvement through noise reduction...............ccccccvvevennne. 165
CONCIUSION ..o 167
QUIZ e et e e ettt e e et et e e e e ae e e te e eateeareeeteeeeaaeenreeereeeaneenaneen 168
ANISWETS ..ttt 170

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

XX

11. Transformer Architecture for Tabular Data Processing ....... crereenerenneaeannes 171
INErOAUCHON .. 171
SEIUCHUTE <. 171
ODJECHIVES ...ttt 172
SyStem reqUIreMENtS ... 172
Tabular data representation using transformer............ccococeeiiiiiiiniciiiin, 172

TAPAS QCRITECHUTE ...t 173
Pretraining obJective...........ccoviviiiiniiiciiiiiiiiciicit e 174
FiNe-tUNING c.coovoveviiiiiiiiiiiccc 175
APPLICALIONS ..o 175
EXAMPIC.....cooiiiiiiiiciiiiiiiiiiiciic s 175

TabTransformer architeCture...........coviiececucieieieirec et 177
FT transformer architeCture ..........cceuvcueinicueinicieiicieiicieeceeeeeiesseeee e neaens 179

Feature tOKENIZer ...........coovovoviiiieiiiiiciciict it 179

Concatenation of numerical and categorical featiure .............ccoovvvvvvivvccciiiieiiiiiiiinnes 180

THANSOTTIEY ..o 180

CONCIUSION <.t 181
QUIZ o 182
ATISWETS ..ttt ettt sttt ettt a ettt a ettt a ettt ae s 184

12. Transformers for Tabular Data Regression and Classification........cccoceceuvucreenrucncne 185
INETOAUCHON ...ttt 185
SEIUCHUTE ..ot 185
ODJECHIVES ...ttt 185
System TeqUITEMENLS .......cciviiiiiiiiiiiiii e 186
Transformer for classification...........ccccccccieiviniiiiiiiiiiiiiicc e 186

DAEASEE ... 187

THTGOL oot 188

Pre-process the AAta.............c.ccveveueeinieuioinieiiieiieieiesetee sttt 188

Declare the CONfIQUIALION ..........c.cuevvveviiiiiiiiieiiiciiiiiiscccce s 188

Train and evaluate the model with three MOAELS ..........cccoecvvvecinnccineiinicireccnine, 190

EVAIUALION ..ot 191

ANALYSTS .o 192

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

xxi

Transformer for T@GIeSSION .......cceueviviiiiiiiicicie e
THE AATASEE......ooevvvie e
Pre-process the data.............cceeeueiciiiiiiiiiiciciee et
Define model CONfIQUIAHION ..........cviiiiiiiiiiiiciiiiiiicicic e
Train and eVAIUALE ............ccvuvveveieieiciiicccce s

(@10} 4 Tal LT3 To ) s KOOSR

13. Multimodal Transformers, Architectures and Applications SR,

INETOAUCHON 1ttt ettt ettt ettt sbesbeese et e e ensenseneens
SEIUCEUTE ettt ettt et ea e e bt e ste et e setesaeenteenseesnenseenseensesnsenseenseens
ODJECHIVES ...t
System reqUIreMENtS .........ccccovviiiiiiiiiiiccc e
Multimodal architeCEUTE .......ovcieiereiieiceeeeeee ettt se e

TMAGEBIN. ...

DINONSETALION o.ooooeviiiie ettt e e et e e e aeeae e

Pre-training 0Djective............cccveiiiiiiiiiiciciiiciiiiccicic s
Applications ANd USAZE ............c.cvueueveueieieiiiiiiicicieieie et s
Multimodal tasks ..........ccoviiiiiieieiii
Feature exXtraction.........ooocovoveveieieiiiiiiiiititcieee s
TEXE-EO-TIIAGE covvivevvet ettt
IMAGE LO-EEXT...eoveiii s
Visual qUeSHON ANSTETIIG ......cuvuvuiiiiiiiiieiiiciiiiiitcis et

CONICIUSION .ttt ettt e et e e et e e e e et eeseaeesesasaeseasseesssasessasseessssaessasseesssnseesanns

14. Explore Reinforcement Learning for Transformer . S

TETOAUCHION .ttt ettt et e et e e et e e s e e e e e eseaaeeseateesssaesssnssesssnseesnnns
o1 4 DT 11 ¢ <SSR

ODJECHIVES ...
Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

xxii

System reqUIreMENtS .........ccccovviiiiiiiiiiiccc e 218
Reinforcement I@arning ..........cccocoeiuiiiiiiiiiiiiii e 218
Important techniques in PyTorch for RL .......cccccocuiiiiiiniciiiiciccccceceecnes 219
Stable BASEIINE3 ..........c.coovviuiieieieieieieicccceee e 219
GUIMIASITUN ..o 220
Project 1: Stock Market Trading with RL........cccccoviiiiiiiiiniiiiicicccccecceeens 221
Transformer for reinforcement l€arning ...........cccocoevevviiinenninnnccce 221
Decision transformer...........cccwviiviiiiiiiiisieicicccit it 221
Trajectory tYANSfOTTNET ........ccueveveieiiiiciciccee s 223
TRPULE. oo 223
CONCIUSION ..ottt 224
QUIZ e et e e ettt e e et et e e e ae e eae e ere e et e e e e enteeereeeaeeeareenareen 224
ANISWETS ...ttt 227
15. Model Export, Serving, and Deployment . . reereneesaeesneneaeenes 229
INErOAUCHON ..o 229
SHUCEUTE .. 229
ODJECHIVES ...ttt 230
SYSLEIM TESOUTCES ...t 230
Model export and serialization ............ccoovvrrieieiiiiiiic e 230
PyTorch model export and import ............ccovvvvvviiiiiiiiiiiiicccc s 231
FOTCH.SATC. ... 231
FOTCRAOAA ... 231
torch.nn.Module.load_StAte_diCt ........cveveeeveeeeecieieeieeeeeeeeeeeeeeee e 231

Saving Multiple MOELS ............cccvviiiiiiiiiiiiiiiiiiccc e 234
Exporting model on ONNX Format..........ccocoveiiiiniiiiiiiiscccceeccnnes 235
Serving model with FastAPT .........ccccociiiiiiiiiiiicececeece s 236
Benefits Of FASLAPL ..ottt 236
Application of FastAPI for model Serving...........cccoovvvvvienieieiiiiiiiiiiisiniccccisnnas 236
Project: FastAPI for semantic segmentation model Serving ...........cccooevvveeeieiivirennnnes 237
Serving Pytorch model in mobile devices .........c.cccceuiiieiiiiciniiiriicecccceeens 238
Deploying HuggingFace’s Transformers model on AWS ............ccoooviiniiiiiiiiicnnnns 239

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

Deployment using Amazon SAGEMAKET ..............ccccovvvuvenieiiiiiiiicicieesieiecccines 239
Deployment using AWS Lambda and Amazon API gateway .............ccccceeveveviieveiennnns 240
CONCIUSION ..ottt 241
QUIZ et e ettt e et e e et e e e e e tae e ae e e teeeaeeeareee e e eeteeenreeereeeareenaneen 242
ANISWETS ..ttt 244
16. Transformer Model Interpretability, and Experimental Visualization................... 245
INErOAUCHON ..o 245
SEIUCKUTE ..ot 246
ODJECHIVES ...ttt 246
Explainability vs. interpretability ..o, 246
INEEYPYEtADIIIEY ..o 247
EXPIATNADIIIEY ..ot 247
Tools for explainability and interpretability ...........ccccooiiiiiiiis 247
CAPTUM for interpreting Transformer prediction............ccccevviiiiiiininiiiiiinnnnn, 248
MOAEl [0AAING ...ttt s 248
Input preparation ... 249
WHhY BaSeline TeNSOT .........cccvueueueiiiiieiiiiiiicicieieieisiesessccciee e 249

Layer Integrated Gradients ............c.ccccocovoviiviiiiiiininiiiiiiiiiiiiisecccccs s 250
VISUALIZALION . ...cocovvviiiitcce s 252
TensorBoard for PyTorch models...........coceiiiiiiiiiiiiniiciiiciceecceceeeceeeaes 253
CONCIUSION ..ot 257
QUIZ e et e e ettt e e et et etae e ae e eteeereeetre e e e eeaaeenteeeaeeeaneenaneen 258
ANISWETS ...ttt 260
17. PyTorch Models: Best Practices and Debugging.. . rerensneneneneaeaeaeanas 261
INErOAUCHON ..o 261
SEIUCKUTE ..ot 262
ODJECHIVES ...ttt 262
Best practices for building transformer models ...........c.cocoeeiiiiiiiiiiii 262
Working with HUQINgG FACE ..........ccoovvurviieieieiciiiiiiicceeeecee s 262
General consideration with Pytorch model .................cccccccvviiiiiiiiiiiiiiiciciiciiicenes 267
The art of debugging in PyTorch ..........ccccoiiiiiiiiiiiiniiiiciicsccccecee 269

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

XX10

SYNMEAX @TTOTS .ot 269
RUNEINE @TTOTS .o 269
SHAPE MISTNALCH ... 269

CUDA CITOTS. oottt s 271

L0SS COMPULALION TSSUCS.......vveveveecvieiiicteieieieicc s 271
Mismatched CONfigUIALION .........cccoovvviviviiiiciiiiiiiiicicccc s 271

METOTY @TTOT o 271
Library/DependenCyy ErFOrS ........uvvmenieieiinieiniieieeisisiesieiesiessiesie e 272

LOQICAL @FTOTS c.ocvveviviieiiectc s 273
General guidelines for debugging PyTorch ML models ...............cccccocovvvvviiiiiiiinininnns 274
CONCIUSION ..ottt 275
QUIZ e ettt et e et e et eaae e ae e e teeeaeeere e e e eeaaeenteeereeeaneenaneen 275
ANISWETS ...ttt 278
Index . . . . . . . ..279-285

Kup ksigzke


http://helion.pl/page354U~rt/e_41r0_ebook

CHAPTER 1

Transformer
Architecture

Introduction

Imagine you are a software engineer working on an exciting project and searching for a
programming language to help create software quickly and efficiently. You hear about
a revolutionary new type of language that is the Swiss knife of programming language:
this language is most efficient in creating Machine Learning (ML) models—plus, this
programming language creates stunning websites faster than other web development
frameworks and supports hardware programming. Furthermore, its performance in
network programming and other related tasks is also outstanding. Would it not be
interesting to learn about this powerful programming language?

Similar developments can be observed in the world of ML frameworks. The transformer
architecture is an incredibly versatile ML architecture. Transformers were initially
developed for Natural Language Processing (NLP). Due to their superior results, this
architecture has rendered other NLP architectures like RNN and long short-term memory
networks (LSTM) obsolete. More recently, transformers have begun impacting other ML
fields as well. According to SUPERB (https://superbbenchmark.org/leaderboard) the best
foundational model for speech processing is also based on the transformer. Furthermore,
transformers have shown excellent results in computer vision and other machine learning
fields as well. Therefore, transformers have the potential to converge all Al frameworks
into a solitary, highly adaptable architecture.
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2 Building Transformer Models with PyTorch 2.0

In this chapter, we will look into the base architecture of this versatile machine learning
in depth. The chapter specifically focuses on understanding the original transformer
architecture proposed by Vaswani et al. (2017). Since the transformer was originally
proposed for NLP—we will understand important NLP models and how the transformer
was influenced by those models.

Structure

This chapter covers the following topics:
e Chronology of NLP model development.
e Transformer architecture
e Training process of transformer
* Inference process of transformer

e Types of transformers and their applications

Objectives

This book chapter intends to provide readers with a broad understanding of the evolution
and significant milestones in the development of NLP models, with a special emphasis
on the transformer architecture. It seeks to offer an in-depth examination of various
NLP models, drawing comparisons and highlighting the distinctive ways in which the
transformer model addresses the limitations of its predecessors. A key focus will be placed
on investigating the essential components that make up the transformer architecture.
Additionally, the chapter aims to educate readers about the different variations of the
transformer model, showcasing their broad spectrum of applications in the field of NLP.
The overarching theme of this chapter is to trace the journey of NLP models’ development,
culminating in the rise of the transformer as a ground-breaking innovation in the landscape
of language processing technologies.

Chronology of NLP model development

The transformer was originally proposed for NLP, specifically machine translation, by
Vaswani et al. in 2017'. It is currently the most popular and effective model in NLP, as
well as other wide-ranging tasks (speech processing, computer vision, and others).
However, the development of the transformer was not a sudden occurrence. In fact, it was
the culmination of years of research and development in NLP models, with each model
building upon the previous ones. Let us examine the chronological history of different
NLP models. This is important because as we understand the transformer architecture,

! Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A. N., ... & Polosukhin, 1. (2017).
Attention is all you need. Advances in neural information processing systems, 30.
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Transformer Architecture 3

we will be able to contextualize it within the historical development of NLP models, their
shortcomings, and how transformer is unique and versatile.

In the upcoming section, we will explore the timeline of NLP model evolution and contrast
various NLP models. Figure 1.1 shows the chronology of NLP research:

Deep Beleif Network

n-gram model RNN(Elman, 1990) (Hinton et al., 2006)
[ 19505 1960 1990s 2000s 2010s
augemented translation LSTM (Hochreiter & CNN for NLP (Collobert
network(1968) Schmidhuber, 1997) etal, 2011)
ELIZA(1969) Commercial Speech Seq2Seq(Sutskever et al.,
Recognition (Dragon 2014)

System, 1997) Attention Mechanism

(Bahdanau et al., 2014)

RNN Encoder Decoder
(Cho et al, 2014)

Convolutional Seq2Seq
(Gehring et al, 2017)

Transformer (Vaswani et
al., 2017)

Figure 1.1: Chronology of NLP models development

The transformer model was the culmination of all the previous research developments.
Vaswani et al., cited a few of that original research. Specifically, Vaswani et al. cited the
following research, and the transformer model seems to have been highly influenced by
them.

In the following sections, we will discuss a few of the most important NLP models, their
benefits, and their shortcomings.

Recurrent neural network

First, let us discuss the concept of next-word prediction. For instance, let us say we have a
sentence, The color of the sky is .... Based on the information already processed by our brain,
we can predict that the next word in this sentence would be blue. However, this prediction
is not solely based on previous words, but rather on multiple preceding words.

Traditional machine learning algorithms, such as linear regression and multilayer
perceptron, are not equipped to store previous information and utilize it for predictions.
These algorithms do not have the capability to retain information from prior inputs. Here,
recurrent neural networks come into play, which is capable of retaining prior information
and utilizing it for making accurate predictions.
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4 Building Transformer Models with PyTorch 2.0

Figure 1.2 shows the structure of RNN. Here, each cell takes the output of its previous cell
as its input. This allows the network to retain information from previous time steps and
incorporate it into the computation at each subsequent iteration:

@@@ v
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_,AJ A —— A

= St
e 1 A Y /I\ AX D /’\
O N

{ Xt XO ) \/

Figure 1.2: RNN structure

Limitation of RNN

Let us consider the following example: England is my hometown. I spent my whole life there.
just moved to Spain two days ago. I can speak only one language, which is ... In this example, the
next word is English. The most important contextual word, in this case, is England, which
appears at the beginning of the sentence. However, in some cases, the relevant information
may be located far away from where it is needed in an RNN. For example, in this case, the
gap between the relevant information and the predicted word is about 26-time steps, that
is, England is at time step 1, and the predicted word is at time step 27. This large gap can
pose a problem for RNNs, as they may not be able to retain contextual information over
such long sequences, or the weights associated with that information may become very
small. This is due to the structure of RNNs, where the gradients can become very small or
even zero as they are repeatedly multiplied by the weight matrices in the network. This
can make it difficult for the network to learn and can cause training to be slow or even fail
altogether.

LSTM

To overcome the issue of the vanishing gradient problem, LSTM was introduced.

In contrast to RNNs, LSTMs have a memory gate that allows them to store information
about long-term dependencies in data. Furthermore, they possess a forget gate which
helps filter out unnecessary information from previous states.

Another advantage of LSTMs is their low likelihood of encountering the problem of
vanishing gradients. This occurs when gradients become very small or even zero during
backpropagation, making it difficult for the network to learn. LSTMs address this issue by
employing gates that regulate information flow through the network, allowing it to retain
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relevant details and discard irrelevant ones. Figure 1.3 shows the comparison of RNN and
LSTM structures. As compared to RNN, LSTM structure is complex:

| Forget Gate " Memory Gate ” Output Gate I‘ht

Figure 1.3: Comparison of RNN and LSTM

Limitation of LSTM

Limited ability to handle long sequences: Even though LSTM has a memory gate, they still
struggle to handle long sequences. This is because they use a fixed length hidden state,
which may be a problem if the input sequence is very long.

LSTMs process sequences sequentially, this can be slow and limit the ability to parallelize
computations across multiple processors.

Cho’s (2014) RNN encoder decoder?

The RNN encoder-decoder model is a sequence-to-sequence algorithm. It has three major
components. Let us explore the components of an RNN encoder-decoder model with an
example of English-to-French translation:

e Encoder: This is an RNN that encodes a variable-length input sequence (in this
case, an English sentence) into a fixed-length vector.

* Encoded vector: The fixed-length vector output by the encoder.

e Decoder: This is also an RNN that takes the encoded vector as input and produces
a variable-length output sequence (in this case, the French translation of the
English input sequence).

2 Cho, K., Van Merriénboer, B., Gulcehre, C., Bahdanau, D., Bougares, F., Schwenk, H., & Bengio, Y.
(2014). Learning phrase representations using RNN encoder-decoder for statistical machine translation.
arXiv preprint arXiv:1406.1078.
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