The Definitive Guide

O’REILLY®
$ k% HKER Tom White &



FB=IAR

Hadoopt B3R wem)

Hadoop: The Definitive Guide

Tom White

O’REILLY"

Beijing - Cambridge - Farnham - KIn - Sebastopol - Tokyo
O’Reilly Media, Inc. 44 & & X % i Bt i BR

FEXFHEY



EHEREB (CIP) ¥iiF

Hadoop tUE#ERE: 553 kR: F3C/(E)4: (White, T.)
# —WEHA . —ER: REAZEHRM, 20131

F4#JR3L: Hadoop:The Definitive Guide, 3E

ISBN 978-7-5641-3893-6

L ®H- I O L O¥IEACEE — o7 ik ik —
X IV.OTP274

B R A E 51 CIP BT (2012) % 273580 5

ILHERRBUREV R A RI%iD
B . 10-2012-168 &

©2012 by O’Reilly Media, Inc.

Reprint of the English Edition, jointly published by O’Reilly Media, Inc. and Southeast University Press,
2013. Authorized reprint of the original English edition, 2012 O’Reilly Media, Inc., the owner of all rights
to publish and sell the same.

All rights reserved including the rights of reproduction in whole or in part in any form.

X LA M dr O’Reilly Media, Inc. # #& 2012,

FEXY P R K A R 2013, 0% £ AR 69 th M5 Fe 4K B AF £ b A A B B AR K A B —— O’Reilly
Media, Inc. ##% 7,

BAHA, ARBEET, KHOETHRI P LRAFUETH X T4,

Hadoop M EHEM E=AR (ENR)
HREAT: HREKFEH R

b ik PRI 2 S BR4%: 210096
H AR AN TEF

P 3 : http://www.seupress.com
Hi-F-Hfd . press@seupress.com

EN Kl : e ENRIABR2 F

A 787 Fk x 980 Z %k 16 7
k. 43

. 842 F %

K. 20134 1 A¥ 1R

X

_l%l.

fr

: 201348 1 A% 1 RENRI
: ISBN 978-7-5641-3893-6

: 98.005C () ,
FHEBERNERRFEE, FHS5ESTER, i (f$H). 025-83791830

REIFHIH




For Eliane, Emilia, and Lottie



Foreword

Hadoop got its start in Nutch. A few of us were attempting to build an open source
web search engine and having trouble managing computations running on even a
handful of computers. Once Google published its GFS and MapReduce papers, the
route became clear. They’d devised systems to solve precisely the problems we were
having with Nutch. So we started, two of us, half-time, to try to re-create these systems
as a part of Nutch.

We managed to get Nutch limping along on 20 machines, but it soon became clear that
to handle the Web’s massive scale, we’d need to run it on thousands of machines and,
moreover, that the job was bigger than two half-time developers could handle.

Around that time, Yahoo! got interested, and quickly put together a team that I joined.
We split off the distributed computing part of Nutch, naming it Hadoop. With the help
of Yahoo!, Hadoop soon grew into a technology that could truly scale to the Web.

In 2006, Tom White started contributing to Hadoop. I already knew Tom through an
excellent article he’d written about Nutch, so I knew he could present complex ideas
in clear prose. I soon learned that he could also develop software that was as pleasant
to read as his prose.

From the beginning, Tom’s contributions to Hadoop showed his concern for users and
for the project. Unlike most open source contributors, Tom is not primarily interested
in tweaking the system to better meet his own needs, but rather in making it easier for
anyone to use.

Initially, Tom specialized in making Hadoop run well on Amazon’s EC2 and $3 serv-
ices. Then he moved on to tackle a wide variety of problems, including improving the
MapReduce APIs, enhancing the website, and devising an object serialization frame-
work. In all cases, Tom presented his ideas precisely. In short order, Tom earned the
role of Hadoop committer and soon thereafter became a member of the Hadoop Project
Management Committee.

Tom is now a respected senior member of the Hadoop developer community. Though
he’s an expert in many technical corners of the project, his specialty is making Hadoop
easier to use and understand.
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Given this, I was very pleased when I learned that Tom intended to write a book about
Hadoop. Who could be better qualified? Now you have the opportunity to learn about
Hadoop from a master—not only of the technology, but also of common sense and
plain talk.

—Doug Cutting
Shed in the Yard, California
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Preface

Martin Gardner, the mathematics and science writer, once said in an interview:

Beyond calculus, 1 am lost. That was the secret of my column’s success. It took me so
long to understand what I was writing about that I knew how to write in a way most
readers would understand.!

In many ways, this is how I feel about Hadoop. Its inner workings are complex, resting
as they do on a mixture of distributed systems theory, practical engineering, and com-
mon sense. And to the uninitiated, Hadoop can appear alien.

But it doesn’t need to be like this. Stripped to its core, the tools that Hadoop provides
for building distributed systems—for data storage, data analysis, and coordination—
are simple. If there’s a common theme, it is about raising the level of abstraction—to
create building blocks for programmers who just happen to have lots of data to store,
or lots of data to analyze, or lots of machines to coordinate, and who don’t have the
time, the skill, or the inclination to become distributed systems experts to build the
infrastructure to handle it.

With such a simple and generally applicable feature set, it seemed obvious to me when
I started using it that Hadoop deserved to be widely used. However, at the time (in
early 2006), setting up, configuring, and writing programs to use Hadoop was an art.
Things have certainly improved since then: there is more documentation, there are
more examples, and there are thriving mailing lists to go to when you have questions.
And yet the biggest hurdle for newcomers is understanding what this technology is
capable of, where it excels, and how to use it. That is why 1 wrote this book.

The Apache Hadoop community has come a long way. Over the course of three years,
the Hadoop project has blossomed and spun off half a dozen subprojects. In this time,
the software has made great leaps in performance, reliability, scalability, and manage-
ability. To gain even wider adoption, however, ] believe we need to make Hadoop even
easier to use. This will involve writing more tools; integrating with more systems; and

1. “The science of fun,” Alex Bellos, The Guardian, May 31, 2008, hitp://www.guardian.co.uk/science/
2008/may/31/maths.science.
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writing new, improved APIs. I'm looking forward to being a part of this, and I hope
this book will encourage and enable others to do so, t0o.

Administrative Notes

During discussion of a particular Java class in the text, I often omit its package name
to reduce clutter. If you need to know which package a class is in, you can easily look
it up in Hadoop’s Java API documentation for the relevant subproject, linked to from
the Apache Hadoop home page at hitp://hadoop.apache.org/. Orif you're using an IDE,
it can help using its auto-complete mechanism.

Similarly, although it deviates from usual style guidelines, program listings that import
multiple classes from the same package may use the asterisk wildcard character to save
space (for example, import org.apache.hadoop.io.*).

The sample programs in this book are available for download from the website that
accompanies this book: http://www.hadoopbook.com/. You will also find instructions
there for obtaining the datasets that are used in examples throughout the book, as well
as further notes for running the programs in the book, and links to updates, additional
resources, and my blog.

What's in This Book?

The rest of this book is organized as follows. Chapter 1 emphasizes the need for Hadoop
and sketches the history of the project. Chapter 2 provides an introduction to
MapReduce. Chapter 3 looks at Hadoop filesystems, and in particular HDFS, in depth.
Chapter 4 covers the fundamentals of I/O in Hadoop: data integrity, compression,
serialization, and file-based data structures.

The next four chapters cover MapReduce in depth. Chapter 5 goes through the practical
steps needed to develop a MapReduce application. Chapter 6 looks at how MapReduce
is implemented in Hadoop, from the point of view of a user. Chapter 7 is about the
MapReduce programming model and the various data formats that MapReduce can
work with. Chapter 8 is on advanced MapReduce topics, including sorting and joining
data. '

Chapters 9 and 10 are for Hadoop administrators and describe how to set up and
maintain a Hadoop cluster running HDFS and MapReduce.

Later chapters are dedicated to projects that build on Hadoop or are related to it.
Chapters 11 and 12 present Pig and Hive, which are analytics platforms built on HDFS
and MapReduce, whereas Chapters 13, 14, and 15 cover HBase, ZooKeeper, and
Sqoop, respectively.

Finally, Chapter 16 is a collection of case studies contributed by members of the Apache
Hadoop community.
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. What's New in the Second Edition?

The second edition has two new chapters on Hive and Sqoop (Chapters 12 and 15), a
new section covering Avro (in Chapter 4), an introduction to the new security features
in Hadoop (in Chapter 9), anda new case study on analyzing massive network graphs
using Hadoop (in Chapter 16).

This edition continues to describe the 0.20 release series of Apache Hadoop because
this was the latest stable release at the time of writing. New features from later releases
are occasionally mentioned in the text, however, with reference to the version that they
were introduced in.

What's New in the Third Edition?

The third edition covers the 1.x (formerly 0.20) release series of Apache Hadoop, as
well as the newer 0.22 and 2.x (formerly 0.23) series. With a few exceptions, which are
noted in the text, all the examples in this book run against these versions. The features
in each release series are described at a high level in “Hadoop Releases”
on page 13.

This edition uses the new MapReduce API for most of the examples. Because the old
APl is still in widespread use, it continues to be discussed in the text alongside the new
API, and the equivalent code using the old API can be found on the book’s website.

The major change in Hadoop 2.0 is the new MapReduce runtime, MapReduce 2, which
is built on a new distributed resource management system called YARN. This edition
includes new sections covering MapReduce on YARN: how it works (Chapter 6) and
how to run it (Chapter 9).

There is more MapReduce material, too, including development practices such as
packaging MapReduce jobs with Maven, setting the user’s Java classpath, and writing
tests with MRUnit (all in Chapter 5); and more depth on features such as output com-
mitters, the distributed cache (both in Chapter 8), and task memory monitoring (Chap-
ter 9). There is a new section on writing MapReduce jobs to process Avro data (Chapter
4), and one on running a simple MapReduce workflow in Oozie (Chapter 5).

The chapter on HDFS (Chapter 3) now has introductions to high availability, federa-
tion, and the new WebHDFS and HitpFS filesystems.

The chapters on Pig, Hive, Sqoop, and ZooKeeper have all been expanded to cover the
new features and changes in their latest releases.

In addition, numerous corrections and improvements have been made throughout the
book.
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Conventions Used in This Book

The following typographical conventions are used in this book:

Italic
Indicates new terms, URLs, email addresses, filenames, and file extensions.

Constant width
Used for program listings, as well as within paragraphs to refer to program elements
such as variable or function names, databases, data types, environment variables,
statements, and keywords.

Constant width bold
Shows commands or other text that should be typed literally by the user.

Constant width italic »
Shows text that should be replaced with user-supplied values or by values deter-
mined by context.

A 2
v \‘
a &
(\‘\\
[ ]

=

Using Code Examples

This book is here to help you get your job done. In general, you may use the code in
this book in your programs and documentation. You do not need to contact us for
permission unless you're reproducing a significant portion of the code. For example,
writing a program that uses several chunks of code from this book does not require
permission. Selling or distributing a CD-ROM of examples from O’Reilly books does
require permission. Answering a question by citing this book and quoting example
code does not require permission. Incorporating a significant amount of example code
from this book into your product’s documentation does require permission.

This icon signifies a tip, suggestion, or general note.

By

This icon indicates 2 warning or caution.

We appreciate, but do not require, attribution. An attribution usually includes the title,
author, publisher, and ISBN. For example: “Hadoop: The Definitive Guide, Third Ed-
ition, by Tom White. Copyright 2011 Tom White, 978-1-449-31152-0.”

If you feel your use of code examples falls outside fair use or the permission given here,
feel free to contact us at permissions@oreilly.com.
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Safari® Books Online

Saf arn} Safari Books Online (www.safaribocksonline.com) is an on-demand digital
smonne library that delivers expert content in both book and video form from the
world’s leading authors in technology and business. Technology profes-

sionals, software developers, web designers, and business and creative
professionals use Safari Books Online as their primary resource for re-

search, problem solving, learning, and certification training.

Safari Books Online offers a range of product mixes and pricing programs for organi-
zations, government agencies, and individuals. Subscribers have access to thousands
of books, training videos, and prepublication manuscripts in one fully searchable da-
tabase from publishers like O’Reilly Media, Prentice Hall Professional, Addison-Wesley
Professional, Microsoft Press, Sams, Que, Peachpit Press, Focal Press, Cisco Press, John
Wiley & Sons, Syngress, Morgan Kaufmann, IBM Redbooks, Packt, Adobe Press, FT
Press, Apress, Manning, New Riders, McGraw-Hill, Jones & Bartlett, Course Tech-
nology, and dozens more. For more information about Safari Books Online, please visit
us online.

How to Contact Us

Please address comments and questions concerning this book to the publisher:

O’Reilly Media, Inc.

1005 Gravenstein Highway North

Sebastopol, CA 95472

800-998-9938 (in the United States or Canada)
707-829-0515 (international or local)
707-829-0104 (fax)

We have a web page for this book, where we list errata, examples, and any additional
information. You can access this page at:

http:/fwww.oreilly.com/catalog/9781449311520
To comment or ask technical questions about this book, send email to:
bookquestions@oreilly.com

For more information about our books, courses, conferences, and news, see our website
at http:/fwww.oreilly.com.

Find us on Facebook: http://facebook.com/oreilly
Follow us on Twitter: hitp://twitter.com/oreillymedia

Watch us on YouTube: http://www.youtube.com/oreillymedia
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