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Foreword
Prith Banerjee
Senior Vice President of Research and Director of HP Labs, Hewlett-Packard
Company
Information is the most valuable resource in the 21st century. Whether for a consumer
looking for a restaurant in San Francisco, a small business woman checking textile
prices in Bangalore, or a financial services executive in London studying stock market
trends, information at the moment of decision is key in providing the insights that
afford the best outcome.
We now are sitting at a critical juncture of two of the most significant trends in the
information technology industry – the convergence of cloud computing and mobile
personal information devices into the Mobility/Cloud Ecosystem that delivers nextgeneration personalized experiences using a scalable and secure information
infrastructure. This ecosystem will be able to store, process, and analyze massive
amounts of information around structured, unstructured and semi-structured data. All
this data will be accessed and analyzed at the speed of business.
In the past few years, the information technology industry began describing a future
where everything is delivered as a service via the cloud, from computing resources to
personal interactions. The future mobile internet will be 10 times the size of the
desktop internet, connecting more than 10 billion “devices” from smartphones to
wireless home appliances. Information access will then be as ubiquitous as electricity.
Research advancements that the IT industry is making today will allow us to drive
economies of scale into this next phase of computing to create a world where
increasing numbers of people will be able to participate in and benefit from the
information economy.
This book provides an excellent overview of all the transformations that are taking
place in the IT industry around Cloud computing, and that, in turn, are transforming
society. The book provides an overview of the key concepts of cloud computing,
analyzes how cloud computing is different from traditional computing and how it
enables new applications while providing highly scalable versions of traditional
applications. It also describes the forces driving cloud computing, describes a wellknown taxonomy of cloud architectures, and discusses at a high level the technological
challenges inherent in cloud computing.
The book covers key areas of the different models of cloud computing: infrastructure
as a service, platform as a service and software as a service. It then talks about
paradigms for developing cloud applications. It finally talks about cloud-related
technologies such as security, cloud management and virtualization.
HP Labs as the central research organization for Hewlett Packard has carried out
research in many aspects of cloud computing in the past decade. The authors of the
book are researchers in HP Labs India, and have contributed to many years of research
on these topics. They have been able to provide their own personal research insight
into the contents of the book and their vision of where this technology is headed.
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I wish the readers of the book the best of luck in their journey to cloud computing!
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Preface
First of all, thanks very much for choosing this book. We hope that you will like
reading it and learn something new during the process. We believe the depth and
breadth of the topics covered in the book will cater to a vast technical audience.
Technologists who have a very strong technical background in distributed computing
will probably like the real-life case studies of cloud platforms that enable them to get a
quick overview of current platforms without actually registering for trials and
experimenting with the examples. Developers who are very good in programming
traditional systems will probably like the simple and complex examples of multiple
cloud platforms that enable them to get started on programming to the cloud. It will
also give them a good overview of the fundamental concepts needed to program a
distributed system such as the cloud and learn new techniques to enable them to write
efficient, scalable cloud services. We believe even research students will find the book
useful to identify some open problems that are yet to be solved and help the evolution
of cloud technologies to address all the current gaps.
Having worked on different aspects of systems technology particularly related to
distributed computing for a number of years, we both were often discussing the
benefits of cloud computing and what realignment in technology and mindset that the
cloud required. In one such discussion, it dawned on us that a book based on real case
studies of cloud platforms can be very valuable to technologists and developers,
especially if we can cover the underlying technologies and concepts. We felt that many
of the books available on cloud computing seemed to have a one-dimensional view of
cloud computing. Some books equate cloud computing to just a specific cloud
platform, say Amazon or Azure. Other books discuss cloud computing as if it is
simply a new way of managing traditional data centers in a more cost-effective
manner. There is also no dearth of books that hype the benefits of cloud computing in
the ideal world.
In fact, the different perspectives about cloud computing that exist today remind us of
the well-known story of the six blind men and the elephant. The blind man who caught
hold of the elephant's tail insisted that the elephant is like a rope, while another who
touched the elephant's tusks said that the elephant is like a spear, and so on. It
definitely seemed to us that there is a need for a book that ties together the different
aspects of cloud computing, both at the depth as well as breadth. However, we knew
that covering all topics related to cloud in a single book, or even covering all popular
cloud platforms as case studies, was not really feasible. We decided to cover at least
three to four diverse case studies in each aspect of cloud computing and get into the
technical depth in each of those case studies.
The second motivation for writing this book is to provide sufficiently deep knowledge
to programmers and developers who will create the next generation of cloud
applications. Many existing books focus entirely upon writing programs, without
analyzing the key concepts or alternative implementations. It is our belief that in order
to efficiently design programs it is necessary to have a good understanding of the
technology involved, so that intelligent trade-offs can be made. It is also important to
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design appropriate algorithms and choose the right cloud platform so that the solution
to the given problem is scalable and efficient to execute on the cloud. For example,
many cloud platforms today offer automatic scaling. However, in order to use this
feature effectively, a high-level understanding of how the platform handles scaling is
required. It is also important to select the right algorithm for special cloud platforms so
that the solution to the given problem can be solved in the most efficient way for the
use case and cloud platform (such as Hadoop MapReduce).
The challenge for us has been how to cover all the facets of cloud computing (provide
a holistic view of the elephant) without writing a book that itself is as large as an
elephant. To achieve this, we have adopted the following strategy. First, for each cloud
platform, we provide a broad overview of the platform. This is followed by detailed
discussion of some specific aspect of the platform. This high-level overview, together
with a detailed study of a particular aspect of the platform, will give readers a deep
insight into the basic concepts and features underlying the platform. For example, in
the section on Salesforce.com, we start with a high-level overview of the features,
followed by detailed discussion of using the call center features, programming under
Salesforce.com, and important performance trade-offs for writing programs. Further
sections cover the platform architecture that enables Salesforce.com, and some of the
important underlying implementation details. The technology topics are also discussed
in depth. For example, MapReduce is first introduced in Chapter 3 with an overview
of the concept and usage from a programming perspective. In later sections, a detailed
look at the new programming paradigm that MapReduce enables along with
fundamentals of functional programming, data parallelism and even theoretical
formulation of the MapReduce problem are introduced. Many examples of how one
can redesign an algorithm to suit the MapReduce platform are given. Finally, the
internal architecture of the MapReduce platform, with details of how the performance,
security and other challenges of cloud computing are handled in the platform, is
described.
In summary, this book provides an in-depth introduction to the various cloud platforms
and technologies today. In addition to describing the developer tools, platforms and
APIs for cloud applications, it emphasizes and compares the concepts and
technologies behind the platforms, and provides complex examples of their usage as
invited content from experts in cloud platforms. This book prepares developers and IT
professionals to become experts in cloud technologies, move their computing solutions
to the cloud and also explore potential future research topics. It may be kindly noted
that the APIs and functionality described in this book are as per the versions available
at the time of the writing of this book. Readers are requested to refer to the latest
product documentation for accurate information. Finally, since this area is evolving
rapidly, we plan to continuously review the latest cloud computing technologies and
platforms on our companion website http://www.movingtocloudbook.com.

Structure of the Book
Chapter 1 of the book is the introduction and provides a high-level overview of cloud
computing. We start with the evolution of cloud computing from Web 1.0 to Web 2.0,
and discuss its evolution in the future. Next, we discuss various cloud computing
models (IaaS, PaaS, and SaaS) and the cloud deployment models (public, private,
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community and hybrid) together with the pros and cons of each model. Finally, the
economics of cloud computing and possible cost savings are described.
Chapter 2, Chapter 3 and Chapter 4 describe the three cloud service models (Iaas,
PaaS, and SaaS) in detail – from a developer and technologist stand point. The
platform models are explained using popular cloud platforms as case studies (for
example, Amazon for IaaS and Windows Azure for PaaS) through sample programs,
as well as an overview of the underlying technology. While describing program
development, the book tries to follow a standard pattern. First, a simple Hello World
program that allows users to get started is described. This is followed by a more
complex example that illustrates commonly used features of the major APIs of the
platform. The complex example also introduces the concepts underlying the platform
(for example, MapReduce in Hadoop). These chapters will provide programmers
interested in developing cloud applications a good understanding of the features and
differences between the various existing cloud platforms. In addition, professionals
who are interested in the technology behind cloud computing will understand key
platform features that are needed to motivate a discussion of the technology and
evaluate the suitability of a platform for their specific use case.
Chapter 2 describes three important IaaS platforms – Amazon, HP CloudSystem
Matrix, and a research prototype called Cells-as-a-Service. The first section of the
chapter describes the Amazon storage services – S3, SimpleDB, and Relational
Database Service with GUI and programming examples. The chapter also describes
how to upload large files and multi-part uploads. The next section describes Amazon's
EC2 cloud service. This contains descriptions of how to administer and use these
services through the Web GUI, and also a code example of how to set up a document
portal in EC2 using a running example called Pustak Portal (details of which are
described towards the end of this Preface). Methods are presented for automatically
scaling up and down the service using both Amazon Beanstalk as well as custom code
(when Beanstalk is not suitable). The next sections of the chapter describe HP
CloudSystem Matrix, and Cells-as-a-Service, a research prototype developed by HP
Labs. Here again, after describing the basic features of the offering, the section
describes how to set up the document portal in our running example (Pustak Portal).
Methods for autoscaling up or autoscaling down the portal are described.
Chapter 3 describes some important PaaS cloud platforms – Windows Azure, Google
AppEngine, Apache Hadoop, IBM PureXML, and mashups. The Windows Azure
section first describes a simple “Hello World” program that illustrates the basic
concepts of Web and Worker roles, and shows how to test and deploy programs under
Azure. Subsequently, the architecture of the Azure platform, together with its
programming model, storage services such as SQL Azure, as well as other services
such as security are described. These are illustrated with the running example of
implementing Pustak Portal. In the Google App Engine section, the process of
developing and deploying programs is described, together with use of the Google App
Engine storage services and memory caching. Next IBM PureXML, which is a cloud
service that exposes both a relational as well as XML database interface, is discussed.
Examples of how to store data for a portal such as Pustak Portal are described. The
next section describes Apache Hadoop, including examples of MapReduce programs,
and how Hadoop Distributed File System can be used to provide scalable storage. The
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