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Introduction

W 
elcome to Hadoop for Dummies! Hadoop is an exciting technology, 
and this book will help you cut through the hype and wrap your 

head around what it’s good for and how it works. We’ve included examples 
and plenty of practical advice so you can get started with your own Hadoop 
cluster.

About this Book
In our own Hadoop learning activities, we’re constantly struck by how little 
beginner-level content is available. For almost any topic, we see two things: 
high-level marketing blurbs with pretty pictures; and dense, low-level, nar-
rowly focused descriptions. What are missing are solid entry-level explanations 
that add substance to the marketing fluff and help someone with little or no 
background knowledge bridge the gap to the more advanced material. Every 
chapter in this book was written with this goal in mind: to clearly explain the 
chapter’s concept, explain why it’s significant in the Hadoop universe, and 
show how you can get started with it.

No matter how much (or how little) you know about Hadoop, getting started 
with the technology is not exactly easy for a number of reasons. In addition 
to the lack of entry-level content, the rapid pace of change in the Hadoop eco-
system makes it difficult to keep on top of standards. We find that most dis-
cussions on Hadoop either cover the older interfaces, and are never updated; 
or they cover the newer interfaces with little insight into how to bridge the 
gap from the old technology. In this book, we’ve taken care to describe the 
current interfaces, but we also discuss previous standards, which are still 
commonly used in environments where some of the older interfaces are 
entrenched.

Here are a few things to keep in mind as you read this book:

 ✓ Bold text means that you’re meant to type the text just as it appears in 
the book. The exception is when you’re working through a steps list: 
Because each step is bold, the text to type is not bold.

 ✓ Web addresses and programming code appear in monofont. If you’re 
reading a digital version of this book on a device connected to the 
Internet, note that you can click the web address to visit that website, 
like this: www.dummies.com

http://www.dummies.com
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Foolish Assumptions
We’ve written this book so that anyone with a basic understanding of com-
puters and IT can learn about Hadoop. But that said, some experience with 
databases, programming, and working with Linux would be helpful.

There are some parts of this book that require deeper skills, like the Java 
coverage in Chapter 6 on MapReduce; but if you haven’t programmed in Java 
before, don’t worry. The explanations of how MapReduce works don’t require 
you to be a Java programmer. The Java code is there for people who’ll want 
to try writing their own MapReduce applications. In Part 3, a database back-
ground would certainly help you understand the significance of the various 
Hadoop components you can use to integrate with existing databases and 
work with relational data. But again, we’ve written in a lot of background to 
help provide context for the Hadoop concepts we’re describing.

How This Book Is Organized
This book is composed of five parts, with each part telling a major chunk 
of the Hadoop story. Every part and every chapter was written to be a self-
contained unit, so you can pick and choose whatever you want to concentrate 
on. Because many Hadoop concepts are intertwined, we’ve taken care to refer 
to whatever background concepts you might need so you can catch up from 
other chapters, if needed. To give you an idea of the book’s layout, here are 
the parts of the book and what they’re about:

Part I: Getting Started With Hadoop
As the beginning of the book, this part gives a rundown of Hadoop and its 
ecosystem and the most common ways Hadoop’s being used. We also show 
you how you can set up your own Hadoop environment and run the example 
code we’ve included in this book.

Part II: How Hadoop Works
This is the meat of the book, with lots of coverage designed to help you under-
stand the nuts and bolts of Hadoop. We explain the storage and processing 
architecture, and also how you can write your own applications.
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Part III: Hadoop and Structured Data
How Hadoop deals with structured data is arguably the most important 
debate happening in the Hadoop community today. There are many competing 
SQL-on-Hadoop technologies, which we survey, but we also take a deep look 
at the more established Hadoop community projects dedicated to structured 
data: HBase, Hive, and Sqoop.

Part IV: Administering and  
Configuring Hadoop
When you’re ready to get down to brass tacks and deploy a cluster, this part 
is a great starting point. Hadoop clusters sink or swim depending on how 
they’re configured and deployed, and we’ve got loads of experience-based 
advice here.

Part V: The Part Of Tens: Getting More  
Out of Your Hadoop Cluster
To cap off the book, we’ve given you a list of additional places where you can 
bone up on your Hadoop skills. We’ve also provided you an additional set of 
reasons to adopt Hadoop, just in case you weren’t convinced already.

Icons Used in This Book
 The Tip icon marks tips (duh!) and shortcuts that you can use to make working 

with Hadoop easier.

 Remember icons mark the information that’s especially important to know. 
To siphon off the most important information in each chapter, just skim 
through these icons.
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 The Technical Stuff icon marks information of a highly technical nature that 
you can normally skip over.

 The Warning icon tells you to watch out! It marks important information that 
may save you headaches.

Beyond the Book
We have written a lot of extra content that you won’t find in this book. Go 
online to find the following:

 ✓ The Cheat Sheet for this book is at

www.dummies.com/cheatsheet/hadoop

  Here you’ll find quick references for useful Hadoop information we’ve 
brought together and keep up to date. For instance, a handy list of the 
most common Hadoop commands and their syntax, a map of the various 
Hadoop ecosystem components, and what they’re good for, and listings 
of the various Hadoop distributions available in the market and their 
unique offerings. Since the Hadoop ecosystem is continually evolving, 
we’ve also got instructions on how to set up the Hadoop for Dummies 
environment with the newest production-ready versions of the Hadoop 
and its components.

 ✓ Updates to this book, if we have any, are at

www.dummies.com/extras/hadoop

 ✓ Code samples used in this book are also at

www.dummies.com/extras/hadoop

  All the code samples in this book are posted to the website in Zip format; 
just download and unzip them and they’re ready to use with the Hadoop 
for Dummies environment described in Chapter 3. The Zip files, which are 
named according to chapter, contain one or more files. Some files have 
application code (Java, Pig, and Hive) and others have series of com-
mands or scripts. (Refer to the downloadable Read Me file for a detailed 
description of the files.) Note that not all chapters have associated code 
sample files.

http://www.dummies.com/cheatsheet/hadoop
http://www.dummies.com/extras/hadoop
http://www.dummies.com/extras/hadoop
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Where to Go from Here
If you’re starting from scratch with Hadoop, we recommend you start at the 
beginning and truck your way on through the whole book. But Hadoop does 
a lot of different things, so if you come to a chapter or section that covers an 
area you won’t be using, feel free to skip it. Or if you’re not a total newbie, 
you can bypass the parts you’re familiar with. We wrote this book so that you 
can dive in anywhere.

If you’re a selective reader and you just want to try out the examples in the 
book, we strongly recommend looking at Chapter 3. It’s here that we describe 
how to set up your own Hadoop environment in a Virtual Machine (VM) that 
you can run on your own computer. All the examples and code samples were 
tested using this environment, and we’ve laid out all the steps you need to 
download, install, and configure Hadoop.
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Chapter 1

Introducing Hadoop and Seeing 
What It’s Good For

In This Chapter
▶ Seeing how Hadoop fills a need

▶ Digging (a bit) into Hadoop’s history

▶ Getting Hadoop for yourself

▶ Looking at Hadoop application offerings

O 
rganizations are flooded with data. Not only that, but in an era of incred-
ibly cheap storage where everyone and everything are interconnected, 

the nature of the data we’re collecting is also changing. For many businesses, 
their critical data used to be limited to their transactional databases and data 
warehouses. In these kinds of systems, data was organized into orderly rows 
and columns, where every byte of information was well understood in terms 
of its nature and its business value. These databases and warehouses are still 
extremely important, but businesses are now differentiating themselves by 
how they’re finding value in the large volumes of data that are not stored in a 
tidy database.

The variety of data that’s available now to organizations is incredible: 
Internally, you have website clickstream data, typed notes from call center 
operators, e-mail and instant messaging repositories; externally, open data 
initiatives from public and private entities have made massive troves of raw 
data available for analysis. The challenge here is that traditional tools are 
poorly equipped to deal with the scale and complexity of much of this data. 
That’s where Hadoop comes in. It’s tailor-made to deal with all sorts of messi-
ness. CIOs everywhere have taken notice, and Hadoop is rapidly becoming an 
established platform in any serious IT department.

This chapter is a newcomer’s welcome to the wonderful world of Hadoop — its 
design, capabilities, and uses. If you’re new to big data, you’ll also find impor-
tant background information that applies to Hadoop and other solutions.
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Big Data and the Need for Hadoop
Like many buzzwords, what people mean when they say “big data” is not 
always clear. This lack of clarity is made worse by IT people trying to attract 
attention to their own projects by labeling them as “big data,” even though 
there’s nothing big about them.

At its core, big data is simply a way of describing data problems that are 
unsolvable using traditional tools. To help understand the nature of big data 
problems, we like the “the three Vs of big data,” which are a widely accepted 
characterization for the factors behind what makes a data challenge “big”:

 ✓ Volume: High volumes of data ranging from dozens of terabytes, and 
even petabytes.

 ✓ Variety: Data that’s organized in multiple structures, ranging from raw 
text (which, from a computer’s perspective, has little or no discernible 
structure — many people call this unstructured data) to log files (com-
monly referred to as being semistructured) to data ordered in strongly 
typed rows and columns (structured data). To make things even more 
confusing, some data sets even include portions of all three kinds of 
data. (This is known as multistructured data.)

 ✓ Velocity: Data that enters your organization and has some kind of value 
for a limited window of time — a window that usually shuts well before 
the data has been transformed and loaded into a data warehouse for 
deeper analysis (for example, financial securities ticker data, which may 
reveal a buying opportunity, but only for a short while). The higher the 
volumes of data entering your organization per second, the bigger your 
velocity challenge.

Each of these criteria clearly poses its own, distinct challenge to someone 
wanting to analyze the information. As such, these three criteria are an easy 
way to assess big data problems and provide clarity to what has become a 
vague buzzword. The commonly held rule of thumb is that if your data stor-
age and analysis work exhibits any of these three characteristics, chances are 
that you’ve got yourself a big data challenge.

Failed attempts at coolness: Naming technologies
The co-opting of the big data label reminds 
us when Java was first becoming popular 
in the early 1990s and every IT project had to 
have Java support or something to do with 
Java. At the same time, web site application 

development was becoming popular and 
Netscape named their scripting language 
“JavaScript,” even though it had nothing to do 
with Java. To this day, people are confused by 
this shallow naming choice.
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As you’ll see in this book, Hadoop is anything but a traditional information 
technology tool, and it is well suited to meet many big data challenges, espe-
cially (as you’ll soon see) with high volumes of data and data with a variety 
of structures. But there are also big data challenges where Hadoop isn’t well 
suited — in particular, analyzing high-velocity data the instant it enters an 
organization. Data velocity challenges involve the analysis of data while it’s 
in motion, whereas Hadoop is tailored to analyze data when it’s at rest. The 
lesson to draw from this is that although Hadoop is an important tool for big 
data analysis, it will by no means solve all your big data problems. Unlike 
some of the buzz and hype, the entire big data domain isn’t synonymous with 
Hadoop.

Exploding data volumes
It is by now obvious that we live in an advanced state of the information age. 
Data is being generated and captured electronically by networked sensors at 
tremendous volumes, in ever-increasing velocities and in mind-boggling vari-
eties. Devices such as mobile telephones, cameras, automobiles, televisions, 
and machines in industry and health care all contribute to the exploding data 
volumes that we see today. This data can be browsed, stored, and shared, but 
its greatest value remains largely untapped. That value lies in its potential to 
provide insight that can solve vexing business problems, open new markets, 
reduce costs, and improve the overall health of our societies.

In the early 2000s (we like to say “the oughties”), companies such as Yahoo! 
and Google were looking for a new approach to analyzing the huge amounts 
of data that their search engines were collecting. Hadoop is the result of that 
effort, representing an efficient and cost-effective way of reducing huge ana-
lytical challenges to small, manageable tasks.

Origin of the “3 Vs”
In 2001, years before marketing people got 
ahold of the term “big data,” the analyst firm 
META Group published a report titled 3-D 
Data Management: Controlling Data Volume, 
Velocity and Variety. This paper was all about 
data warehousing challenges, and ways to use 

relational technologies to overcome them. So 
while the definitions of the 3Vs in this paper 
are quite different from the big data 3Vs, this 
paper does deserve a footnote in the history 
of big data, since it originated a catchy way to 
describe a problem.
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Varying data structures
Structured data is characterized by a high degree of organization and is typi-
cally the kind of data you see in relational databases or spreadsheets. Because 
of its defined structure, it maps easily to one of the standard data types (or 
user-defined types that are based on those standard types). It can be searched 
using standard search algorithms and manipulated in well-defined ways.

Semistructured data (such as what you might see in log files) is a bit more diffi-
cult to understand than structured data. Normally, this kind of data is stored in 
the form of text files, where there is some degree of order — for example, tab-
delimited files, where columns are separated by a tab character. So instead of 
being able to issue a database query for a certain column and knowing exactly 
what you’re getting back, users typically need to explicitly assign data types to 
any data elements extracted from semistructured data sets.

Unstructured data has none of the advantages of having structure coded into 
a data set. (To be fair, the unstructured label is a bit strong — all data stored 
in a computer has some degree of structure. When it comes to so-called 
unstructured data, there’s simply too little structure in order to make much 
sense of it.) Its analysis by way of more traditional approaches is difficult 
and costly at best, and logistically impossible at worst. Just imagine having 
many years’ worth of notes typed by call center operators that describe cus-
tomer observations. Without a robust set of text analytics tools, it would be 
extremely tedious to determine any interesting behavior patterns. Moreover, 
the sheer volume of data in many cases poses virtually insurmountable chal-
lenges to traditional data mining techniques, which, even when conditions 
are good, can handle only a fraction of the valuable data that’s available.

A playground for data scientists
A data scientist is a computer scientist who loves data (lots of data) and the 
sublime challenge of figuring out ways to squeeze every drop of value out 
of that abundant data. A data playground is an enterprise store of many tera-
bytes (or even petabytes) of data that data scientists can use to develop, 
test, and enhance their analytical “toys.”

Now that you know what big data is all about, what it is, and why it’s impor-
tant, it’s time to introduce Hadoop, the granddaddy of these nontraditional 
analytical toys. Understanding how this amazing platform for the analysis of 
big data came to be, and acquiring some basic principles about how it works, 
will help you to master the details we provide in the remainder of this book.
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The Origin and Design of Hadoop
So what exactly is this thing with the funny name — Hadoop? At its core, 
Hadoop is a framework for storing data on large clusters of commodity 
 hardware — everyday computer hardware that is affordable and easily 
 available — and running applications against that data. A cluster is a group of 
interconnected computers (known as nodes) that can work together on the 
same problem. Using networks of affordable compute resources to acquire 
business insight is the key value proposition of Hadoop.

As for that name, Hadoop, don’t look for any major significance there; it’s 
simply the name that Doug Cutting’s son gave to his stuffed elephant. (Doug 
Cutting is, of course, the co-creator of Hadoop.) The name is unique and easy 
to remember — characteristics that made it a great choice.

Hadoop consists of two main components: a distributed processing frame-
work named MapReduce (which is now supported by a component called 
YARN, which we describe a little later) and a distributed file system known 
as the Hadoop distributed file system, or HDFS.

An application that is running on Hadoop gets its work divided among the 
nodes (machines) in the cluster, and HDFS stores the data that will be pro-
cessed. A Hadoop cluster can span thousands of machines, where HDFS 
stores data, and MapReduce jobs do their processing near the data, which 
keeps I/O costs low. MapReduce is extremely flexible, and enables the devel-
opment of a wide variety of applications.

 As you might have surmised, a Hadoop cluster is a form of compute cluster, a 
type of cluster that’s used mainly for computational purposes. In a compute 
cluster, many computers (compute nodes) can share computational workloads 
and take advantage of a very large aggregate bandwidth across the cluster. 
Hadoop clusters typically consist of a few master nodes, which control the 
storage and processing systems in Hadoop, and many slave nodes, which store 
all the cluster’s data and is also where the data gets processed.

Distributed processing with MapReduce
MapReduce involves the processing of a sequence of operations on distributed 
data sets. The data consists of key-value pairs, and the computations have 
only two phases: a map phase and a reduce phase. User-defined MapReduce 
jobs run on the compute nodes in the cluster.
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Generally speaking, a MapReduce job runs as follows:

 1. During the Map phase, input data is split into a large number of fragments, 
each of which is assigned to a map task.

 2. These map tasks are distributed across the cluster.

 3. Each map task processes the key-value pairs from its assigned fragment 
and produces a set of intermediate key-value pairs.

 4. The intermediate data set is sorted by key, and the sorted data is parti-
tioned into a number of fragments that matches the number of reduce 
tasks.

 5. During the Reduce phase, each reduce task processes the data fragment 
that was assigned to it and produces an output key-value pair.

 6. These reduce tasks are also distributed across the cluster and write 
their output to HDFS when finished.

The Hadoop MapReduce framework in earlier (pre-version 2) Hadoop 
releases has a single master service called a JobTracker and several slave 
services called TaskTrackers, one per node in the cluster. When you submit 
a MapReduce job to the JobTracker, the job is placed into a queue and then 
runs according to the scheduling rules defined by an administrator. As you 
might expect, the JobTracker manages the assignment of map-and-reduce 
tasks to the TaskTrackers.

A look at the history books
Hadoop was originally intended to serve as the 
infrastructure for the Apache Nutch project, 
which started in 2002. Nutch, an open source 
web search engine, is a part of the Lucene proj-
ect. What are these projects? Apache projects 
are created to develop open source software 
and are supported by the Apache Software 
Foundation (ASF), a nonprofit corporation made 
up of a decentralized community of developers. 
Open source software, which is usually devel-
oped in a public and collaborative way, is soft-
ware whose source code is freely available to 
anyone for study, modification, and distribution.

Nutch needed an architecture that could scale 
to billions of web pages, and the needed archi-
tecture was inspired by the Google file system 

(GFS), and would ultimately become HDFS. In 
2004, Google published a paper that introduced 
MapReduce, and by the middle of 2005 Nutch 
was using both MapReduce and HDFS.

In early 2006, MapReduce and HDFS became 
part of the Lucene subproject named Hadoop, 
and by February 2008, the Yahoo! search index 
was being generated by a Hadoop cluster. By 
the beginning of 2008, Hadoop was a top-level 
project at Apache and was being used by many 
companies. In April 2008, Hadoop broke a world 
record by sorting a terabyte of data in 209 sec-
onds, running on a 910-node cluster. By May 
2009, Yahoo! was able to use Hadoop to sort 1 
terabyte in 62 seconds!



15 Chapter 1: Introducing Hadoop and Seeing What It’s Good For

With Hadoop 2, a new resource management system is in place called YARN 
(short for Yet Another Resource Manager). YARN provides generic  scheduling 
and resource management services so that you can run more than just Map 
Reduce applications on your Hadoop cluster. The JobTracker/TaskTracker 
architecture could only run MapReduce.

We describe YARN and the JobTracker/TaskTracker architectures in Chapter 7.

HDFS also has a master/slave architecture:

 ✓ Master service: Called a NameNode, it controls access to data files.

 ✓ Slave services: Called DataNodes, they’re distributed one per node in 
the cluster. DataNodes manage the storage that’s associated with the 
nodes on which they run, serving client read and write requests, among 
other tasks.

For more information on HDFS, see Chapter 4.

Apache Hadoop ecosystem
This section introduces other open source components that are typically 
seen in a Hadoop deployment. Hadoop is more than MapReduce and HDFS: 
It’s also a family of related projects (an ecosystem, really) for distributed 
computing and large-scale data processing. Most (but not all) of these proj-
ects are hosted by the Apache Software Foundation. Table 1-1 lists some of 
these projects.

Table 1-1 Related Hadoop Projects
Project 
Name

Description

Ambari An integrated set of Hadoop administration tools for installing, mon-
itoring, and maintaining a Hadoop cluster. Also included are tools to 
add or remove slave nodes. 

Avro A framework for the efficient serialization (a kind of transformation) 
of data into a compact binary format

Flume A data flow service for the movement of large volumes of log data 
into Hadoop

HBase A distributed columnar database that uses HDFS for its underlying 
storage. With HBase, you can store data in extremely large tables 
with variable column structures

HCatalog A service for providing a relational view of data stored in Hadoop, 
including a standard approach for tabular data

(continued)
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Project 
Name

Description

Hive A distributed data warehouse for data that is stored in HDFS; also 
provides a query language that’s based on SQL (HiveQL)

Hue A Hadoop administration interface with handy GUI tools for browsing 
files, issuing Hive and Pig queries, and developing Oozie workflows

Mahout A library of machine learning statistical algorithms that were imple-
mented in MapReduce and can run natively on Hadoop

Oozie A workflow management tool that can handle the scheduling and 
chaining together of Hadoop applications

Pig A platform for the analysis of very large data sets that runs on HDFS 
and with an infrastructure layer consisting of a compiler that produces 
sequences of MapReduce programs and a language layer consist-
ing of the query language named Pig Latin

Sqoop A tool for efficiently moving large amounts of data between rela-
tional databases and HDFS

ZooKeeper A simple interface to the centralized coordination of services (such 
as naming, configuration, and synchronization) used by distributed 
applications

The Hadoop ecosystem and its commercial distributions (see the “Comparing 
distributions” section, later in this chapter) continue to evolve, with new or 
improved technologies and tools emerging all the time.

Figure 1-1 shows the various Hadoop ecosystem projects and how they relate 
to one-another:

 

Figure 1-1: 
Hadoop 

ecosystem 
components.
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