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Forewords

It is with great pleasure that I introduce Generative Al for Enterprises,
a comprehensive guide to building enterprise-class Generative Al
(GenAl) solutions, authored by my esteemed colleague, Vishal Anand.
In this book, Vishal leverages his extensive architectural experience
to bring a nuanced perspective on the future of GenAl and its
transformative potential for modern enterprises.

Vishal's work stands out not only because of his technical acumen but
also due to his thought leadership in describing the future trajectory of
GenAl. He offers a forward-looking vision that is rooted in practical,
timeless architectural insights. This dual focus ensures that while
GenAl will undoubtedly evolve, the foundational principles and
best practices outlined here will remain relevant, providing a robust
framework for enterprise application.

One of the key strengths of this book is its in-depth exploration of
the unique needs of enterprises. Vishal thoroughly understands that
enterprise environments come with their own set of challenges and
requirements. By addressing these complexities, he provides readers
with a rich, actionable guide to implementing GenAl in a way that
aligns with corporate goals, enhances operational efficiency, and
drives innovation.

Throughout the book, Vishal meticulously details the rise of GenAl
in enterprises, covering advanced concepts such as operating models,
orchestration platforms, and the use of landing zones for building
scalable applications powered by language models. His insights into
model selection, deployment patterns, and cost optimization strategies
are invaluable for decision-makers, IT professionals, and anyone
looking to harness the transformative power of Generative Al

Moreover, the book delves into critical areas such as ethical dimensions,
model governance, and the practicalities of integrating GenAl into
existing enterprise ecosystems. These discussions are vital for ensuring
that Al technologies are implemented responsibly and effectively,
augmenting human capabilities without causing inadvertent harm.
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In summary, Vishal's book is an essential resource for anyone looking to
lead the implementation of Generative Al within an enterprise context.
It combines visionary thought leadership with practical, detailed
guidance, making it an indispensable tool for driving successful Al
transformations. I am confident that readers will find this book not
only informative and insightful but also deeply inspiring as they
navigate the exciting frontier of Generative Al.

Blaine Dolph
IBM Fellow

CTO Assets, Offerings and Industries,
IBM Consulting

Disclaimer: Views presented in the book are entirely his own and not
necessarily those of IBM.
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In the rapidly evolving landscape of technology, few innovations
have sparked as much excitement and transformation as Artificial
Intelligence (AI). At the precipice of a new era, Al promises to
revolutionize industries, redefine business paradigms, and reshape our
everyday lives. For organizations, particularly for Chief Information
Officers (CIOs) and Chief Technology Officers (CTOs), understanding
the architecture and design considerations that underpin this
powerful technology is imperative. The strategic deployment of Al
can be a game-changer, offering competitive advantages and driving
innovation. However, this requires a deep understanding of Al's
potential, capabilities, and limitations.

As we venture deeper into the Al era, advancements in this field
leapfrog each other, propelling us into uncharted territories with
unprecedented speed. Technologies that took years to evolve now
do so in months if not weeks. This constant flux can be daunting,
especially for executives steering their organizations through these
turbulent waters. The notion of beta has become a permanent fixture,
with systems and solutions perpetually in a state of refinement and
improvement. Therefore, the need for a comprehensive architecture
and design guide for Al solutions has never been more pressing.

This book serves as an essential guide to Al, addressing challenges
head-on and providing a structured understanding of its intricacies
and applications. It emphasizes the strategic considerations necessary
to effectively harness Al's potential, serving as both a compass and
a roadmap for executives navigating the maze of Al technologies,
frameworks, and methodologies. In a world where data is the new
oil, the ability to seamlessly combine and analyze vast amounts of
information from different domains is paramount. This book delves
into the architectural principles that facilitate such integration, offering
insights into building robust, scalable systems capable of handling
the demands of modern AI applications. Finally, as Al systems
become more autonomous and influential and are embedded into
everything we do and experience, ensuring that they operate within
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ethical boundaries and align with societal values is crucial. This book
provides a thoughtful discourse on these issues, underscoring the
need for transparency, accountability, and fairness in Al design and
implementation.

Having collaborated with Vishal on numerous projects, I have
witnessed firsthand his deep technical skills and expertise in applying
technology in an enterprise setting. This book reflects this pragmatic
approach, distilling complex concepts into visionary insights and
practical advice. It is a testament to Vishal's dedication and brilliance,
offering invaluable guidelines for building and industrializing Al
solutions that deliver meaningful business outcomes.

Combining cutting-edge research with real-world knowledge, this
book provides readers with a rich tapestry of actionable, forward-
thinking expertise. Each chapter is meticulously crafted, offering
insights into Al advancements while grounding them in practical,
executable strategies. This book will serve as a beacon of knowledge
and inspiration to help you unlock AI's full potential and lead your
organization with vision and confidence.

Srini Koushik

President

Al, Technology, and Sustainability -
Rackspace Technology Global Leader,
Foundry for Al by Rackspace (FAIR)

Kup ksigzke


http://helion.pl/page354U~rt/e_42id_ebook

viii

In a world where technology is advancing at an unprecedented pace,
enterprises find themselves at a pivotal juncture, faced with the
challenge of harnessing cutting-edge innovations to drive growth and
competitiveness. Among these innovations, Generative Al stands out
as a transformative force, poised to revolutionize the way businesses
operate, innovate, and scale.

Generative Al for Enterprises, authored by Vishal Anand, is a timely
and indispensable guide for leaders and professionals navigating
the complex landscape of Generative AI. With over two decades of
experience in IT and a distinguished career at IBM, Vishal brings a
wealth of knowledge and practical expertise to this comprehensive work.

This book is not merely a technical manual; it is a strategic blueprint for
decision-makers aiming to leverage Generative Al to its fullest potential.
Vishal meticulously explores the intricate dynamics of building
enterprise-class Generative Al solutions, emphasizing the importance
of understanding the multifaceted requirements of modern enterprises.
From the transformative impact of Generative Al across industries to the
nuanced challenges of deploying and fine-tuning models, each chapter
offers valuable insights and practical guidance.

Vishal's deep dive into advanced concepts such as operating systems,
orchestration platforms, and landing zones highlights the critical
infrastructure needed for robust and scalable applications powered by
language models. His exploration of prompt engineering, fine-tuning,
and orchestration of Generative Al workflows provides a detailed
roadmap for integrating these technologies seamlessly into enterprise
environments.

Moreover, the book addresses essential ethical dimensions, ensuring
that the deployment of Al technologies augments human capabilities
responsibly and transparently. By emphasizing principles such as
accountability, fairness, and security, Vishal lays a foundation for the
ethical integration of Generative Al into the corporate world.
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For decision-makers and experienced professionals alike, this book
offers a wealth of practical wisdom and best practices. It equips readers
with the knowledge and skills to become proficient leaders in the field
of modern enterprise development using Generative Al Vishal's expert
perspective and hands-on demonstrations make complex concepts
accessible, enabling readers to implement effective and sustainable Al
solutions.

In an era where the ability to innovate and scale can determine the
success or failure of an enterprise, Generative Al for Enterprises is
an essential resource. It provides the strategic insights and technical
expertise needed to navigate the challenges and seize the opportunities
presented by Generative AL I am confident that this book will serve as
a valuable guide for leaders and professionals seeking to drive their
organizations forward in the digital age.

With this comprehensive guide in hand, you are well-equipped
to embark on the journey of implementing Generative Al in your
enterprise, ensuring success beyond scaling. Embrace the insights and
strategies shared by Vishal Anand, and lead your organization into
a future where Al-powered innovation is at the forefront of business
growth and transformation.

AB Vijay Kumar
Master Inventor and Global
CTO for IBM Consulting

Disclaimer: Views presented in the book are entirely his own and not
necessarily those of IBM.
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When Vishal Anand, a close collaborator at work, reached out and
shared with me his new book, Generative Al for Enterprises, I was
intrigued and wanted to learn more as we have witnessed a massive
and rapid change in the capabilities of Al technologies in recent years.
Generative Al for Enterprises book comes out at the right time, as
over 80% of enterprises are adopting Generative Al', yet 60% of
leaders have yet to deploy Generative Al for commercial activities?.
There are enormous opportunities for leaders to learn about and adopt
the technology and practices in this book. So, if you are reading this
foreword, you are on the right track.

As new large language models come out on almost a daily basis,
with different properties and implications, Mr. Anand discusses key
considerations for model selection as well as implications on the
production environment requirements. This book covers the entire
stack of decisions that leaders need to consider when devising their
Generative Al strategy, from platform and runtime design to model
deployment, serving and optimization; and operational challenges.
Mr. Anand introduces different strategies for an enterprise to be an Al
value creator, from contextually crafted prompts to fine tuning, and
explores the value of retrieval-augmented generation techniques.

As the models are becoming more powerful, available in a multitude
of domains beyond language such as code, time series, and vision,
they take the shape of multi-modal solutions. The book ends with a
viewpoint of the next wave of upcoming innovations namely (multip)
agent-centric frameworks, where we will witness the interplay of
agents to compose, plan, execute and introspect the crafted outcomes.

Vishal Anand brings his extensive technical expertise and experiences
in client engagements and delivers a practical guide to Generative Al
for Enterprises.

1. Scale Zeitgeist: Al Readiness Report, a survey of more than 1,600 executives and
ML practitioners, 2023

2. McKinsey & Co, Al-powered marketing and sales reach new heights with
Generative Al, 2023
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I strongly recommend Mr. Anand’s book as a go to resource for any
decision makers on Generative Al strategy. I hope you enjoy this
journey that introduces core elements of Generative Al in the context
of enterprise solutions and architectural considerations at scale.

Maja Vukovic

Al for Application Modernization,
IBM Research

Disclaimer: Views presented in the book are entirely his own and not
necessarily those of IBM.
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Preface

Building enterprise class Generative Al solutions is a complex task that
requires a comprehensive understanding of the enterprise ecosystem,
latest technologies, and wunderstanding of multi-dimensional
requirements. Generative Al has become a strong pillar for growth in
the modern enterprises.

This book is designed to provide a comprehensive guide to deliver
Generative Al based solutions with robust decision making. It covers a
wide range of topics, including the rise of Generative Al in enterprises,
advanced concepts such as operating system, orchestration platform,
operating model and the use of the landing zone for building robust
and scalable applications powered by the language models.

Throughout the book, you will learn about the key requirements
associated with Generative Al and language models, and how to use
them for enterprise applications that are efficient, reliable, and easy
to govern. You will also learn about best practices and deployment
patterns for building enterprise class solutions and will be provided
with broader practical wisdom to help you understand the concepts
for enterprises.

This book is intended for decision makers who are the leaders and want
to lead how to successfully implement Generative Al for enterprises. It
is also helpful for experienced professionals who want to expand their
knowledge of these technologies and improve their skills in building
robust and reliable applications powered by Generative Al.

With this book, you will gain the knowledge and skills to become a
proficient leader in the field of modern enterprise development using
Generative AL I hope you will find this book informative and helpful.

Chapter 1: The Rise of Generative Al in Enterprises - focusses on
the transformative impact of Generative Al technology across various
industry sectors. We will explore how businesses can integrate the
same to enhance creativity, automate processes, and drive innovation.
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Through an expert view, the chapter touches upon the background,
philosophy, and prospects of Generative Al in the business world.

Chapter 2: Complex Needs of Production - dives into the complexities,
exploring the multifaceted needs from model and data governance to
transformation needs, that organizations must address to effectively
harness the power of Generative Al. By unpacking these critical
elements, we aim to provide a comprehensive guideline that helps
enterprises not only implement but also thrive with Generative Al at
the core of their production strategies, predominantly from the large
language models” aspect.

Chapter 3: Model Selection for Enterprises — considers a range of
critical factors and criteria that align with the strategic objectives
and operational requirements. This chapter highlights those
key considerations to ensure it meets business needs, crucial for
maintaining credibility, utility in business applications, and its
integration capabilities with the ecosystem, allowing for seamless
adoption and minimal disruption. These criteria collectively ensure
that the chosen LLM not only meets immediate needs but also adapts
to future challenges and opportunities in the business landscape.

Chapter 4: Model Deployment for Enterprises - dives into deploying
Generative Al large language models within the enterprise sector, a
task both intricate and rewarding. We will go through the various
deployment patterns. Each pattern offers distinct advantages and
challenges. This chapter not only maps out these patterns but also
critically examines their pros and cons, aiding decision-makers in
positioning them effectively within their strategic IT landscapes.

Chapter 5: Operating System for Enterprises - provides a pivotal
framework for robust decision making to redefine the boundaries
of technical architectures to achieve organizational goals. As part of
the operating system in the context of GenAl, it is imperative to not
only understand the boundaries but also the requirements within the
corporate sphere. As we go through this chapter, the focus shifts to
those practical boundaries of Generative Al in deployment contexts.
Moreover, we will address the critical challenges and considerations
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that enterprises must navigate when integrating Generative Al into
their landing zones.

Chapter 6: Prompt Engineering for Enterprises - explores the
fundamental principles of prompt engineering and its strategic
deployment within the enterprise application development landscape.
Initially, the concept is introduced in its most simplistic form, laying
the groundwork for understanding how these prompts serve as a
critical interface between human operators and sophisticated Al
systems. As we transition from theory to practice, the focus shifts to the
intricate process of integrating prompt engineering into the enterprise
environment.

Chapter 7: Fine-tuning for Enterprises - explores the transformative
practice of fine-tuning language models to meet specific business
needs. Following the theoretical exploration, the chapter provides
a practical, hands-on demonstration on how it looks like in real
enterprise environment. This chapter delves into the intricate process
of fine-tuning, a method where a pre-trained model is further trained -
usually on a smaller, task-specific dataset - to refine its capabilities for
specialized tasks. Through fine-tuning, these models, which initially
acquire a broad understanding of language from extensive data, are
meticulously tailored to exhibit improved performance in specific
contexts, thereby bridging the gap between general linguistic ability
and specialized knowledge.

Chapter 8: Orchestration of Generative AI Workflows - delves into
the sophisticated realm of automated orchestration platform that
streamlines the integration of data, model related tasks, ecosystem,
and continuous improvement. As we explore, we will uncover what
capabilities the platform should bring to simplify the complexities
inherent in managing Al projects and enhance the efficiency and
effectiveness of generative models. Through a detailed description,
we will see how these systems facilitate seamless interaction between
various Al components and applications, thereby fostering a conducive
environment for innovation and scalability — across landing zones.
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Chapter 9: Six Ethical Dimensions for Enterprises - accountability,
fairness, transparency, human-orientation, security, and lawfulness,
emerge as crucial factors in the development and deployment
of Generative Al solutions. These principles serve not only as a
moral compass but also as foundational guidelines that ensure Al
technologies augment human capabilities without causing inadvertent
harm. Together, these principles shape the scaffolding upon which the
trustworthiness and utility of Generative Al rest, paving the way for
its ethical integration into society for enterprises.

Chapter 10: Designing a Target Operating Model - an effective
operating model for Generative Al is crucial for businesses that wish to
harness this technology’s full potential. An adeptly crafted operating
model serves as a blueprint that guides the integration of Al with core
business processes and strategies. It ensures that Al technologies are
implemented in a way that aligns with organizational goals, enhances
performance, and drives competitive advantage. A well-designed
model addresses the technical, ethical, and governance challenges
that come with AI deployment, thereby facilitating a sustainable and
responsible adoption of Al within the enterprise.

Chapter 11: Cost Optimization Strategies - explores the cost
optimization strategies for large language models within enterprise
settings, exploring technological pre and post deployment approaches
to maximizing the return on investment. Through a comprehensive
analysis of cost factors, from computational demands to scaling
efficiencies, this discussion aims to provide businesses with actionable
insights on optimizing operational costs while harnessing the full
potential of large language models.

Chapter 12: Retrieval-augmented Generation for Enterprises -
explores the framework of RAG, its comparison with traditional Al,
and its scalability within enterprise applications. This discussion
highlights how RAG at scale can transform industries by providing
Al systems that not only generate desired responses but also adapt to
evolving informational landscapes.
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Chapter 13: Model as a Service for Enterprises - represents a
transformative approach in the deployment and consumption of
large (or small) language models. By providing models over the
cloud platform, MaaS enables enterprises to access and leverage
sophisticated GenAl capabilities without the need for extensive
in-house infrastructure or expertise. Key advantages include cost-
efficiency, as it reduces the need for upfront capital investment in
hardware and software, scalability, allowing companies to adjust
usage based on demand, and agility, enabling rapid deployment and
iteration of models to respond to evolving business needs.

Chapter 14: Confidential AI - explores the multifaceted challenges and
pioneering solutions associated with securing sensitive data as it is
processed across various layers. It explores the needs and solution, such
as trusted execution environments (TEEs) for both virtual machines and
graphical processing units, which provide stringent security measures
essential for protecting data during processing phases.

Chapter 15: Latency in Generative Al Solutions - delves into the
multifaceted nature of latency in Generative Al solutions, exploring
its origins, implications, and the various strategies employed to
minimize it. Understanding the sources and their impact is essential
for developers and engineers striving to create more efficient and
responsive Al systems. This chapter will explore various latency factors
such as input network latency, hardware latency, model inference
latency, integration point latency and output network latency.

Chapter 16: Multi-modal Multi-agentic Assistant Framework for
Enterprises- delves into the evolving landscape of how sophisticated
Al agents, equipped with multi-modal capabilities and collaborative
intelligence, are set to revolutionize the way companies function.
As these technologies advance, they promise to enhance efficiency,
personalization, and decision-making processes, offering enterprises a
competitive edge in an increasingly complex and dynamic market. By
examining the potential of Al agents and multi-agent frameworks, this
chapter provides a comprehensive insight into the impending shifts
and opportunities that lie ahead for businesses willing to embrace the
next wave of Artificial Intelligence.
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CHAPTER 1

The Rise of
Generative
Al in Enterprises

Introduction

In this chapter, we will focus on the transformative impact of
Generative Al technology across various industry sectors. We will
explore how businesses can integrate the same to enhance creativity,
automate processes, and drive innovation. Through an expert view,
the chapter touches upon the background, philosophy, and prospects
of Generative Al in the business world.

Structure

In this chapter, we will explore the following topics:

¢ Background of Generative Al
e Philosophy of Generative Al
* Potential use cases across enterprises

e Architectural overview
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2 Generative Al for Enterprises

Objectives

Readers will be able to visualize the underlying philosophy of
Generative Al technology and explore potential use cases. The
objective of this chapter is to provide an exploration for the readers on
Generative Al within the enterprise sector, examining its philosophical
underpinnings, architectural overview, and the potential use cases it
presents. This aims to equip readers with an understanding of how
Generative Al technologies have emerged as transformative tools in
business and the profound impact they are anticipated to have across
various industries. It will set the stage for providing further valuable
insights for the industry leaders and technologists looking to harness
these tools for strategic advantage.

Background of Generative Al

Generative Artificial Intelligence (GenAl) is rapidly gaining
prominence within enterprises, reshaping how businesses operate and
innovate. Industry leaders today anticipate that Generative Al will
transform their organizations within the next few years and express
confidence in their overall strategy and technology infrastructure for
Generative Al adoption. Generative Al is no longer a niche trend. It has
become a top priority for the C-suite across various sectors, including
healthcare, life sciences, legal, financial services, and the public sector.
One of the top technological and consulting firms says more than
80% of enterprises will have used Generative AI APIs or deployed
generative Al-enabled applications within this decade. The rise of
Generative Al in enterprises is driven by technological advancements,
business needs, and the promise of transformative impact across
various sectors.

Generative Al, a branch of Artificial Intelligence focused on generating
new content, be it text, images, audio, video, or code, has undergone
significantevolution, reshaping thelandscape of enterprise applications
and capabilities. This technology, powered by sophisticated Machine
Learning models, has transitioned from a novel concept to a pivotal tool
for businesses across various sectors. Its latest evolution has not only
enhanced the efficiency and creativity within enterprises but has also
introduced novel ways of problem-solving and customer engagement.

At the heart of this transformation lies the progression of ML models,
particularly deep learning algorithms, which have become adept at
understanding and generating complex patterns. These models are
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The Rise of Generative Al in Enterprises 3

trained on vast datasets, enabling them to produce desired outputs
for human and machines’ consumption. For enterprises, this capability
has opened up new avenues for content creation, from auto-generating
marketing materials to developing more engaging and personalized
customer experiences.

Generative Al can produce a wide range of content, including articles,
reports, and marketing copy, tailored to the specific tone and style
of a brand. This not only streamlines content creation processes but
also ensures a consistent brand voice across all communications. For
example, in customer service, Al-generated responses can handle
various inquiries, providing instant, 24/7 support to customers.
This level of responsiveness and personalization enhances customer
satisfaction and loyalty, crucial metrics for any enterprise.

Moreover, Generative Al has revolutionized product design and
development. By harnessing the power of these Al models, companies
can explore a broader spectrum of design possibilities in a fraction
of the time it would take through traditional methods. This rapid
prototyping accelerates the innovation cycle, enabling companies to
respond more swiftly to market trends and consumer preferences.
For industries such as automotive and fashion, where design plays a
pivotal role, this capability is invaluable.

In addition to enhancing creativity and efficiency, Generative Al is
also redefining data analysis and decision-making processes within
enterprises. AI models can generate simulations and predictive
models based on existing data, allowing businesses to anticipate
market changes, understand consumer behaviour, and make informed
decisions. This foresight can be a significant competitive advantage,
enabling proactive rather than reactive strategies.

However, the integration of Generative Al into enterprise operations
is not without its challenges. Issues related to data privacy, ethical
considerations, and the potential for generating misleading or harmful
content necessitate a careful and considered approach to deployment.
As such, enterprises must establish robust guidelines and ethical
frameworks to govern the use of these technologies.

The latest evolution of Generative Al presents both remarkable
opportunities and significant challenges for enterprises. By harnessing
its capabilities, businesses can unlock unprecedented levels of creativity,
efficiency, and insight, positioning themselves at the forefront of
innovation. However, this journey requires a careful balance between
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4 Generative Al for Enterprises

leveraging the potential of Al and maintaining ethical standards
and human oversight. As Generative Al continues to evolve, it will
undoubtedly remain a key driver of enterprise transformation, shaping
the future of industries in ways we are only beginning to imagine.

Philosophy of Generative Al

Before we go further into the details, it is imperative to visualize how
it works. The philosophy of Generative Al explains the fundamental
reality of its real-world applications and integration. The following
diagram illustrates the dynamic workflow of Generative Al
showcasing how input prompts are processed to produce various
types of output completions, which can then be seamlessly integrated
into broader business processes to enhance operational efficiency and
innovation:

Natural Language (generation, classification etc.)

Output
Completion

Integration
with Business

Code (YAML, Java, Go, Python etc.)

Input Prompt .
Generative

Artificial Intelligence use cases

Image (architecture diagram, imagination etc.)

Video (training, webinars etc.)

Audio (speech, songs etc.)
Figure 1.1: Input and output

The process begins with an input prompt. This can be a question, a
partial sentence, or any form of textual, visual, or aural input. The
input prompt serves as the seed for the generative process.

The central black box represents generative Al. It embodies the power
of algorithms, neural networks, and deep learning models. Generative
Al takes the input prompt and generates novel content based on
learned patterns and representations.

The output completion points to different types of data.

Generative Al can create human-like text, generate stories, and even
compose poetry. It can generate code snippets, complete functions,
and assist in software development. Generative Al can create visual
content, such as art, architecture diagrams, and imaginative scenes.
It can simulate video sequences, generate animations, and enhance
multimedia experiences. It composes music, generates speech, and
enhances audio content.
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