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Foreword by Zhijun Xu

MindSpore Empowers All-Round AI

AI has spread much faster and wider than any other general-purpose technology
in history. There is little doubt that this new general-purpose technology will have
a profound impact on every aspect of the economy and society. However, different
industries and organizations have adopted AI at different rates: Traditional industries
are still in the initial stages of adoption, whereas the Internet industry embraced it
from the beginning. Although most industries are already using AI to some extent,
they have not witnessed the expected changes, meaning that there is still huge room
for improvement. Some industries have still not found an effective way to realize the
value of AI.

In general, there are three main reasons for this. First, the development of AI
applications and solutions is challenging, requiring an expert skill set that millions
of IT engineers have yet to acquire. Second, unlike the Internet, which has a rela-
tively simple environment,AI applications have complex operating environments and
must adapt to meet a diverse range of requirements. For example, the various cloud,
edge computing, and terminal device scenarios have different requirements, and AI
applications must not only collaborate with existing production systems in various
industries and related processes, but also integrate with traditional IT applications.
Third, the diversity and complexity of applications in various industries bring new
requirements, such as robustness, security, and interpretability, for AI algorithms and
theories. AI has therefore undergone rapid, continuous improvement and adaptation,
creating a range of challenges for new entrants wanting to master AI technologies.

Central to Huawei’s AI strategy is the continuous investment in full-stack, all-
scenario AI solutions with the aim of accelerating AI development. To this end,
Huawei released its full-stack, all-scenario AI solution in October 2018, and offi-
cially unveiled MindSpore—an all-scenario AI computing framework—in August
2019. Many people have asked why Huawei launched MindSpore despite there
being many other frameworks available. The main considerations for investing in
MindSpore at that time were as follows. First, no existing framework was able
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vi Foreword by Zhijun Xu

to support all scenarios seamlessly. Because Huawei services cover device, edge,
and cloud scenarios, and privacy protection is becoming increasingly important,
we need a computing framework that supports all scenarios to empower all-round
AI. Second, we have learned from Huawei’s AI applications and research over
the past few years that the development of AI computing frameworks is far from
converging. Exploratory research into technologies such as AI acceleration for just-
in-time compilation (which is used in automatic differentiation and tensor calcula-
tion) and automatic parallelization for ultra-large neural networks, as well as new
research areas such as deep probabilistic programming and graph neural networks,
require further development of AI computing frameworks.

MindSpore is a connecting link in the full-stack, all-scenario solution, playing a
pivotal role in tackling the practical challenges involved in AI development. When
developing MindSpore, Huawei’s main objectives were to enable both a friendly
development environment—to minimize the development time and training costs—
and efficient operations. The optimization technology for just-in-time compilation,
when used in collaborationwithHuaweiAI processors that feature the self-developed
Da Vinci architecture, can maximize the hardware capabilities and deliver optimal
performance. More importantly, MindSpore enables AI to adapt to every scenario
(including the device, edge, and cloud) and implement on-demand collaboration
among these scenarios, empowering all-round and trusted AI while also ensuring
user privacy.

This book takes a systematic approach in providing youwith a basic understanding
of deep learning and related practical applications of MindSpore. It aims to help you
not only achieve greater results more quickly in your basic research and develop-
ment of AI applications and solutions, but also fully utilize MindSpore and the AI
computing power of Ascend series chips. Through this book, we hope to achieve a
wider, deeper, and all-round application of AI.

January 2020 Zhijun Xu
Deputy Chairman of the Board and Rotating

Chairman of Huawei
Shenzhen, China



Foreword by Wenfei Fan

Over the last decade, we have witnessed not only surging volumes of data, but
also major improvements in computing power and breakthroughs in algorithms, all
of which have driven rapid development in the new generation of AI. By giving
machines perception, cognition, and even intelligence capabilities, AI touches every
aspect of society. It is pleasing to see that Huawei’s AI strategy focuses on layout
and investment in basic research, full-stack solutions, open ecosystem, and talent
development, and contributes to inclusive intelligence.

From the perspective of data scientists, data is undoubtedly a vital element of
deep learning. Huge volumes of data are generated due to the explosive growth
of information, laying a rich and solid foundation for AI. However, deep learning
requiresmore than justmass data—it also requires the data to be high quality. Someof
the key aspects that affect the precision and performance of training models include
how the raw data is processed, how the training data is labeled, and how the inferior
data is cleaned up. This book enables you to understand the basics and applications of
deep learning by describing the related theories and practical applications in a simple,
easy-to-understand way, and provides unique insights into data processing. Through
its clear explanations of data preparation, data augmentation, and data visualization
technologies, this book shows that rational data processing significantly helps reduce
model complexity, shorten training times, and improve model performance.

With MindSpore—Huawei’s self-developed AI computing framework—data
scientists working with AI no longer need to master complex programming skills
in order to apply deep learning frameworks; instead, they are able to focus on algo-
rithms and logic. This is extremely attractive to researchers across multiple fields,
such as data science, physics, mathematics, chemistry, and life sciences, because it
can help them quickly develop AI applications.

It is a pleasure to see Prof. Lei Chen publishing this book in cooperation with
Huawei, uncovering the charms of deep learning and helping not only developers
to develop ideal AI applications, but also graduates and undergraduates who are
majoring in AI. It will also benefit engineers and scientists who are involved in AI
development with access to MindSpore’s AI ecosystem. The book offers readers the
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chance to explore the combination of deep learning and logical methods in order
to achieve success in the field of AI and advocates us embracing the future era of
intelligence to facilitate an inclusive AI.

December 2019 Wenfei Fan
Foreign Member of the Chinese Academy of
Sciences (CAS), Fellow of the Royal Society

(FRS), Fellow of the Royal Society of Edinburgh
(FRSE), Fellow of the Association for Computing

Machinery (ACM), and Member of Academia
Europaea (MAE)
Edinburgh, UK



Preface

From computers to the Internet and then to AI, people from my generation have
witnessed and participated in the magnificent feast of science and technology in
society that has turned science fiction into reality. Technologies such as machine
learning, virtual reality, and cloud computing—technologies that were once used by
only leading scientists—have now become a part of our lives and are familiar to
ordinary people. Realizing how deep learning will affect all walks of life, Huawei
has launched MindSpore, its self-developed all-scenario AI computing framework.
By combining hardware and software, and leveraging the superb computing power
of Huawei Ascend chips, MindSpore unlocks the full potential of the hardware.

Supporting the models used in all current mainstream deep learning frameworks,
MindSpore enables full-stack, all-scenario device–edge–cloud collaborative devel-
opment. By adapting to all AI application scenarios, MindSpore significantly lowers
the development threshold and dramatically shortens the time needed for model
development. In addition, MindSpore supports local AI computing, further resolving
the problem of privacy security and protection, which is a big concern in the industry.

In the current era where speed and execution are crucial, AI developers need to
simplify complicated things, and quickly learn how to use different tools properly and
efficiently, in order to resolve the problems they encounter. Helping people achieve
this is the ultimate goal of this book. Unlike many deep learning textbooks that focus
on theories and the basics, this book aims to make theory simple while focusing
on practical application. It offers you a basic understanding of deep learning and
describes various related models in a simple way, using multiple examples to explain
how you can use MindSpore to implement deep learning theories and algorithms
while leveraging the strong computing power of Ascend chips to create many things
that other frameworks cannot do.

I sincerely hope that this book enables all developers to benefit from the powerful
functions of MindSpore as soon as possible and allows them to realize their full
potential while playing their part in this great, rapid, and thrilling technological
revolution.

ix



x Preface

I would like to thank the MindSpore development team for taking time out of
their busy schedules to write and proofread all the sample program code in this book.
Without their full support, it would have been a difficult task to complete the book. I
would also like to thank the MindSpore documentation team for reviewing the book
from cover to cover. They went to extraordinary lengths in terms of content arrange-
ment and text layout and made significant contribution to the writing of this book.
My thanks also go to Ms. Shen Yanyan, a teacher from Shanghai Jiao Tong Univer-
sity, and Zhang Yongqi and Di Shimin, students from The Hong Kong University of
Science and Technology, for their contributions. I must also express my gratitude to
my colleagues in the book reviewing team for meticulously checking omissions and
adding in the missing parts, and for giving many valuable suggestions. Furthermore,
thank you tomy colleagues at the Central SoftwareArchitecture andDesignManage-
ment Department for their careful editing and modification of illustrations, ensuring
that the content is clear and vivid, and for explaining concepts more specifically and
definitively. In addition, I am extremely grateful for my colleagues at the Strategy
and Business Development Department, Cloud BU, who frequently communicated
with Tsinghua University Press to get this book published quickly. My thanks also
go to Mr. Sheng Dongliang and Ms. Zhong Zhifang from Tsinghua University Press
for their strong support. Their careful and meticulous work has ensured the quality
of this book. Finally, I’d like to thank Huawei for its support during the writing of
this book.

I have written this book to the best of my ability but due to limited knowledge,
there might be omissions or deficiencies. I therefore welcome and encourage your
comments and criticisms.

Kowloon, Hong Kong
November 2019

Lei Chen



About This Book

This book systematically introduces the theory of deep learning and explores prac-
tical applications based on the MindSpore AI computing framework. Split across
14 chapters, the book covers deep learning, deep neural networks (DNNs), convo-
lutional neural networks (CNNs), recurrent neural networks (RNNs), unsupervised
learning, deep reinforcement learning, automated machine learning, device–cloud
collaboration, deep learning visualization, and data preparation for deep learning.
To help clarify complex topics, this book includes numerous examples and links to
online resources based on MindSpore.

In addition to providing a reference aswell as learningmaterial for software devel-
opment engineers and scientific researchers engaged in deep learning, this bookoffers
a solid foundation for graduates and undergraduatesmajoring in artificial intelligence
(AI), intelligent science and technology, computer science and technology, electronic
information engineering, and automation.
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