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CHAPTER 1

Introduction to Generative Al

Introduction

This chapter will discuss Generative Al and the evolution of Artificial Intelligence
(AI) as well as transformer architecture backgrounds. It will then discuss how Gen
Al differs from classical Al and ML. The core of Generative Al and its
characteristics transformed text, images, and video processing using Gen Al. We
should remember that not all Gen Al models are Large Language Models (LLMs),
but all LLMs are a type of Gen Al. Moreover, LLMs specifically refine how we
generate and interact with the given textual data. The theories and rules behind
these models and how they relate to neural networks, training approaches and text
generation are equivalent to human-like content. Why do industries require Gen
Al, and what are the significant benefits along with Gen Al ethics and high-level
security aspects of this technology?

Structure

In this chapter, we will discuss the following topics:

e Introduction to Generative Al

¢ Evolution of Gen Al

¢ Generative Al and its Characteristics

¢ Gen Al Transformer Architecture

¢ How Gen Al Differs from Classical Al and ML

¢ How Industries Get Benefits out of Generative Al
e Gen Al Ethics and High-Level Security

Introduction to Generative Al

In recent years, Generative Al has become the buzzword in this busy world. Every
industry and every commoner talks about Al in all forms. In this book, Generative
Al or, shortly, Gen Al, will be discussed at a very detailed level, and experiments




will be conducted to build the Gen Al application using various tools and
technologies.

Definition of Gen AI — A simple one-line answer is as follows:
“The application will generate new information for you from your input.”

We cannot treat all this information as simple and take it lightly. It is compelling
and insightful and provides solutions for various problem statements and
decision-making purposes for numerous industries’ specific challenges in multiple
aspects. This is the main reason all industries are focusing on building their own
Gen Al tools and integrating multiple Al tools to accomplish their needs and
necessities.

It does not matter what input format you use; simultaneously, you can generate
your desired output format. We will discuss the input and output type and format
in detail in the upcoming chapters and how technologies are helping to achieve
this. Figure 1.1 shows the simple block diagram of the Gen Al System.
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Figure 1.1: Simple Block Diagram of Gen Al

Technically, we can define Gen Al as a branch of “Artificial Intelligence” that
involves using specific algorithms and larger models to create new and original
content from input. This category can generate content that is not replicated or
copied from the original input data and shares the relevant characteristics.
Undoubtedly, the end product is entirely new and relevant to business aspects.

Characteristics of Gen Al Involving LL.Ms:

The characteristics of Gen Al involving LLMs are as follows:



e Gen Al has non-deterministic outputs and creates new and original content
based on the business point of view.

e This involves a complex training mechanism to generate synthetic data for
various business perspectives.

e [t consists of the massive number of Neural Networks involved internally to
generate accurate data for analysis.

e It adds more creative elements to generate precise content to attain the
expectations.

e Ultimately, it helps to generate additional training data to support
unbalanced situations.
Benefits of LLMs:

e We can build very creative and innovative products for business solutions.

e We can enhance the customer experience journey from past collections of
data to strengthen customer bonding.

e We can construct high-time and cost-effective products from vast quantities
of data.

e We can customize the products to be highly scalable to achieve the results.

e We can ease the process of data analysis with less effort by using tools and
technologies.

e We can also automate the task behind the screen with practical solutions,
and reduce manual interventions.
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Figure 1.2: Benefits of Gen Al

Evolution of Gen Al

The popularity of Gen Al has been around for decades, but its actual breakthrough
in the industry is subsequent to the introduction of ChatGPT in the market. The
main objective is to generate the content, whether text, image, audio, or video.
Gen Al is an exceptionally revolutionary technology that brings abundant benefits
to businesses irrespective of any domain.

The Evolution of Gen Al started in the 1950s and has had a long journey with
significant milestones.

1952—Love Letter: British computer scientist Christopher Strachey built a
software program to generate Love Letter text. It was considered one of the
earliest examples of creativity and natural language generated by TEXT.

1965-66—First Chatbot: During 1965-66, Joseph Weizenbaum, a computer
scientist at the MIT Artificial Intelligence Laboratory, built the first chatbot
application. It was called ELIZA. It was designed to simulate a discussion with a
Rogerian psychotherapist using the concepts behind pattern-matching approaches
and scripted-based responses.

This chatbot is a pioneer for pre-programmed responses based on those inputs. It
paves the way for natural language processing, human-computer interaction,
future chatbots, and conversational agent developments.

Evolution of Gen Al

1985 Modeling Complex 1997 Chess World
Systems : “Bayesian Networks™ Champlon: Deep Blue

2001 Floneer Chatbot: SmarterChild 2006 ImageNet: 2011 - Al Assistants

(SIRI—from Apple): mt-mnmmtmﬁmr
Copilot
2018-2021 GPT Familles: 2022—0penAl's ChatGPT 2024 - Microsolt Copilot:



Figure 1.3: Evolution of Gen Al

1980s AI Winter: In Al history, there was a slowdown in this technology during
the 1980s. During this period, action was taken to reduce funding and interest in
Al research and development, and typically, in other fields, hype, disappointment,
and critique occurred in the Al domain, resulting in funding cuts. However, work
continued in the area of neural networks.

1985 Modeling Complex Systems: During this period, Judea Pearl, a
computational scientist and a great philosopher, introduced typical mathematical-
based “Bayesian Networks” that seeded for the complex system modeling in the
Generative Al era.

1997 Chess World Champion: The famous IBM chess computer “Deep Blue”
defeated the chess world champion Garry Kasparov. This is the best evidence of
Al’s decision-making strategy and the event that unlocks the potential of
Generative Al

2001 Pioneer Chatbot: In 2001, Active Buddy developed the “SmarterChild”
chatbot version of the Generative Al application and launched it on AOL’s
(American Online) Instant Messaging (AIM) platform. One of the pioneering
CHATBOTS extensively used by most consumers, the product was designed to
provide information regarding entertainment and services to major AIM users.

2006 ImageNet: Dr. Fei-Fei Li at Stanford University invented the “ImageNet”
product, which utilizes a larger volume of visual databases to train the computer
vision algorithm for object detection and recognition, which involves a more
significant contribution of Deep Learning and Al.

2011 — AI Assistants (SIRI—from Apple): In 2011, Apple introduced the Al
Assistants (SIRI). It revolutionized voice-based assistance and was the first
product that came into public hands as a highly convenient and practical device
for houses. It supports various aspects of assistance, such as Boss meeting
reminders, voice recognition communication, and integrating and controlling
other devices based on the command.

2017 Transformer Models: Open Al organization released a Generative Pre-
Trained Transformer (GPT-1) language model that helps to generate the text based
on the given input prompt.

2018 — NVIDIA GAN Image Generator: The breakthrough of NVIDIA’s Al
image generator is a landmark in the Al art creation environment. It introduces the
StyleGAN architecture, which can generate highly creative, realistic,
customizable images based on needs. Due of its compact size, training time, and
excellent operation, all these abilities are set to transform the way we use
Generative Al



2018-2021 GPT Families: During this period, the extension of transmission
models (GTP-3 and 4) expanded further along with the massive parameters inputs
and generated creative human-like text and images at different levels and
incomparable height of the technology expansion in Al space.

2022—OpenADl’s ChatGPT: After the introduction of ChatGPT, Gen Al
utilization increased enormously since its capabilities include unlivable content
creation, precise answers, and more interaction with humans. Nowadays,
everyone has an account in ChatGPT.

2024 — Microsoft Copilot: As we know, Microsoft is always unique in
technology adoption, no exception in this Gen Al; they introduced the Copilot by
integrating ChatGPT with Microsoft 365, which is a significant milestone and
brings excellent features for many business use cases. This is a major release from
Microsoft’s Azure OpenAl Studio with unique features to build highly intelligent
tools and technologies for many industries’ innovative solutions. Indeed, we are
going to cover most of them in this book.

Note:
Evolution of Gen Al

1952—Love Letter: Christopher Strachey, a British Computer Scientist.

1965-66—First Chatbot: During 1965-66, Joseph Weizenbaum, a computer
scientist, built the first chatbot application.

1980s- AI winter: In Al history, there was a slowdown in Al technology.

1985- Modeling Complex Systems: During this period, Judea Pearl, a
computational scientist, and great philosopher, introduced typical
mathematical-based systems.

1997- Chess World Champion: The famous IBM chess computer “Deep Blue”
defeated the chess world champion Garry Kasparov.

2001- Pioneer Chatbot: In 2001, Active Buddy developed the “SmarterChild”
chatbot version on AOLYS (American Online) Instant Messaging (AIM)
platform.

2006- ImageNet: Dr. Fei-Fei Li at Stanford University invented the
“ImageNet” product, a computer vision algorithm for object detection and
recognition.

2011— Al Assistants (SIRI—from Apple): In 2011, Apple introduced the Al
Assistants (SIRI).

2017-22- Transformer Models: GPT Families and OpenAl’s ChatGPT.



2024— Microsoft Copilot: As we know, Microsoft is always unique in
technology adoption.

Gen Al - Transformer Architecture

Transformer Architecture Overview:

One of the Generative Al models is the Transformer-Based Model, which
primarily adopts neural network techniques and natural language processing
methodologies, such as text generation, sentiment analysis, question-and-answer,
text summarization, and language translation.

In simple terms, the transformer architecture works as a Football team in which
the players have the connection and thought process of passing the ball from one
side of the court to the target to hit the ball inside the goalpost. This is a very high
collaborative effort incurred process.

Since these transformer models are built from the deep neural network-based
mathematical model, their structure and function replicate the human brain
system, which consists of multiple layers of neurons. So, each neuron can receive
various input data, perform a powerful mathematical computation internally with
the data, and process the influential output.
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Figure 1.4: Neural Network

The transformer model is highly capable of generating high-quality text in various
contexts based on the demand and requirements. This model uses a SELF-
ATTENTION MECHANISM, a distinctive feature that captures long-range
dependencies and is more effective than traditional Deep Learning and NLP
models.
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Figure 1.5: Simple Language Translation Transformer Representation

Components of Transformer Architecture

Let us discuss the components of Transformer Architecture:

At a very high level, this architecture uses two major pilers: Encoder and
Decoder.

e ENCODER: It takes the input feed, extracts context, and then the meanings
from the data, which it passes onto the decoder.

e DECODER: It is responsible for converting the input into several
sequences from the encoder’s feed. These embeddings are processed by the
SELF-ATTENTION technique. The decoder’s architecture is similar to the
encoder and produces the generative output.

e SELF-ATTENTION: Self-attention is an important process stage. In this
stage, it captures the significance of each word and the relationships
between them. This is typically how humans experience understanding what
verbs, nouns, and adjectives are. Nouns are when we speak and write and
the thought process of how each word relates to every other word in a
sentence.

The rest of the components are Input and Output.

e INPUT: This is just an input for the system.
e OUTPUT: The output is the sequence generated by the transformer.

Let us think big. Eigure 1.6 shows the Transformer Architecture (Universal
Picture). There is nothing new we cannot add here.
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Figure 1.6: Transformer Architecture (Universal Picture)

As we understood from the earlier explanation, the “Transformer Architecture”
follows an ENCODER-DECODER structure and does not depend on the model,
such as the Recurrence and Convolutions, to generate an output.

The left part is ENCODER, and the right part is DECODER.

ENCODER

The Encoder consists of N identical layers. Each layer contains a MULTI-HEAD
ATTENTION LAYER and a FEED FORWARD NEURAL NETWORK as a fully
connected set of blocks. The output of each layer is used as an input to the
subsequent layer with the same dimensionality. The block count depends on the
value of x. If x=8, there are N8 blocks and layers inside the encoder at the left part
of the encoder.

As per the mechanism, the ENCODER maps a set of inputs as sequences, and
continuous inputs are representations. They undergo the Nx block and layer with
x times the “Addition and Normalization” process, which is then fed into a
DECODER; refer to Figure 1.6.



Before getting into the encoder, let us understand what Input Embedding and
Positional Encoding are.

Even the Al system cannot understand the word(s) directly, so we have to convert
them into numbers prior to feeding them into the system; the mechanism of this
conversion should be implemented in sensible ways to build an input sequence
into the system.

This process is called Input-Embedding, the first component in the encoder’s
block. You will see it in Figure 1.6, in which the input is transformed into sensible
numbers, constructed in multidimensional vector space, and fed into Multi-Head
Attention (MHA) later than positioning them with the help of the positional
encoding process. Let us discuss the following steps:

Step 1: We have to organize the input sentence into a comma-separated list of the
words.

Step 2: Add two additional tokens to indicate the start and end of the sentence.

Step 3: Follow the vocabulary list, and have to map each vocabulary with a
unique number; this is the so-called indexing.

Step 4: As per the standards, we have to normalize all these words as One Hot
Encoding to build the high-dimensional vector base. The process of converting
each word into these high-dimensional vectors is called Input Embedding or
Token Embedding.

Step 5: The Transformer works differently from LSTM, where the input is fed
into the system parallelly. This means the order of the sentence might be lost.
Technically, adding additional information of the same dimension as the input
vector to represent the sequence of the words in the sentence, which is called
Positional Encoding.

So, finally, the combination of input embedding and positional encoding vectors
will be fed into Multi-Head Attention (MHA).



Input Tokenizing Vecabulary
o —

[Hetie [, [ How [ are [ you [ doing | -[""*|“|'l'“"|"["“[‘“"|“"' ]- e e
o [Heo | |2 |
[Hew | [2 |
— ]
e |3 |
[yoa ] [s |
[doing | |5 |

B Word in the sentence
Viector Base B positional encoding

=

Multi-Head

Attention

|I||I|I o
1

One Hot Encoding

Figure 1.7: Input and Positional Embedding in Transformer Architecture

o ey oo N bl

The Positional Encoding Layer is a Matrix, because: The positional encoding
scheme in transformer architecture has each position versus index mapped to a
vector. Therefore, the output of the positional encoding layer is a matrix.

Let us do a little deep dive into the Single and Multi-Head Attention layers.

As we can see, the attention layers are in the encoder and decoder, which are part
of the transformer architecture.

Stage 1: Tokenization and Embeddings: This is the pre-stage in the attrition
layer building; at this stage, the given input text has been tokenized, and the
embedding of each word in the input query, as shown in Figure 1.8.

Stage 2: Vectorization: In this stage of the attention layer, which consists of three
neural networks, each word produces three output vectors, such as Queries, Keys,
and Values. This process takes place for each word in the given input query.



Stage: 1 & 2 Tokenization, Embeddings and Vectorization
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Figure 1.8: Stage 1 and 2 Attention - Tokenization, Embeddings, and Vectorization

Stage 3: Calculating the Word’s Score: In this stage, the score of each word is
calculated by multiplying Q and K. The process starts with the dot product of the
first word’s Vector Query (Q) and all the Vectors of K of the input.

This process will confirm the similarity measure of each product of Q and K.

The exercises will start the dot product between the first word of the query (Q1)
and all keys (KI1...Kn) in the input sentence, which are used to produce the
scores.

If the Q and K vectors are aligned and have meaningful values, their dot product
will produce a significant value as an outcome.

If the Q and K vectors are close to orthogonal, then the result of the dot-product
will approach zero.
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