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Preface

Welcome to the world of Big Data! In today’s data-driven landscape, the ability to harness
and process vast amounts of information has become not just an asset but a necessity for
businesses, researchers, and individuals alike. This book, titled Big Data and Hadoop:
Fundamentals, tools, and techniques for data-driven success is your gateway to
understanding and mastering the fascinating realm of Big Data.

Chapter 1: Big Data Introduction and Demand — In this opening chapter, we embark on
a journey to explore the foundations of Big Data. We will delve into the very concept of
Big Data, its significance in today’s world, and the growing demand for solutions that can
handle its challenges. We will also examine industry examples of how Big Data is being
utilized and the myriad of possibilities it presents.

Chapter 2: NoSQL Data Management — This chapter takes us into the realm of NoSQL
databases, offering an introduction to these non-relational data stores. We will compare
SQL and NoSQL databases, explore the nuances of data consistency in NoSQL, and take a
deep dive into the HBase database. Additionally, we will discuss the MapReduce paradigm
and key concepts like partitioning and combining.

Chapter 3: MapReduce Technique — This chapter discusses a paradigm widely employed
in the realm of distributed computing, that revolutionizes the processing of vast datasets
with efficiency and scalability. Developed by Google, this technique serves as a cornerstone
in the field of big data analytics. By harnessing the power of parallel processing and fault
tolerance, MapReduce enables the seamless analysis of massive datasets across distributed
clusters, making it a pivotal tool in addressing the challenges posed by the ever-expanding
volume of data in diverse domains.

Chapter 4: Basics of Hadoop — To lay a solid foundation for your journey into Big Data
technologies, this chapter introduces you to the basics of Hadoop. We will cover essential
topics like data formats, analyzing data with Hadoop, scaling strategies, and the design
of the Hadoop Distributed File System (HDFS). Concepts such as data flow, Hadoop I/O,
compression, serialization, and Avro file-based data structures will be explored in detail.

Chapter 5: Hadoop Installation — Getting hands-on with Hadoop is crucial, this chapter
guides you through the step-by-step process of installing Hadoop on various platforms.
Whether you’re using Ubuntu or setting up a fully distributed Hadoop system, this chapter
provides detailed instructions to help you get started.
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Chapter 6: MapReduce Applications—This chapter is all about MapReduce, a fundamental
programming model for processing Big Data. We will help you understand the principles
behind MapReduce, walk you through the traditional way of using it, and explain the
MapReduce workflow.

Chapter 7: Hadoop Related Tools-I: HBase and Cassandra — This chapter introduces you
to two important tools in the Big Data ecosystem: HBase and Cassandra. You will discover
how to install HBase, explore its conceptual architecture, and gain practical insights into
its implementation. We will also delve into HBase’s key differences from traditional
relational databases. The chapter then shifts focus to Cassandra, explaining its data model,
providing examples, and discussing its integration with Hadoop.

Chapter 8: Hadoop Related Tool-II: PigLatin and HiveQL - It introduces two more
essential tools: PigLatin and HiveQL. You will learn how to install PigLatin, understand
its execution types, and explore the Pig data model. We will also guide you through the
development and testing of PigLatin scripts. Next, we delve into Hive, exploring its data
types, file formats, and comparing HiveQL with traditional database querying languages.

Chapter 9: Practical and Research-based Topics — This chapter is dedicated to practical and
research-based topics in the world of Big Data. You will explore real-world applications
like data analysis with X, the use of Bloom Filters in MapReduce, leveraging Amazon Web
Services, analyzing documents archived from The New York Times, mobile data mining,
and Hadoop diagnostics.

Chapter 10: Spark — As we conclude our journey through Big Data and related
technologies, this chapter introduces Apache Spark, a powerful framework for distributed
data processing. We will explore its capabilities and understand how it fits into the Big
Data landscape, setting the stage for your next adventure in data processing.

This book is designed to provide you with a comprehensive understanding of Big Data
technologies, enabling you to tackle real-world challenges and leverage the opportunities
presented by the ever-expanding world of data. Whether you are a student, a professional,
or a curious explorer, we hope this book equips you with the knowledge and skills to
thrive in the era of Big Data.

It is said “To err is human, to forgive divine”. In this light I wish that the shortcomings of
the book will be forgiven. At the same I am open to any kind of constructive criticisms and
suggestions for further improvement.

Happy reading and happy data processing!
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CHAPTER 1

Big Data Introduction
and Demand

...data is useless without the skill to analyze it
— Jeanne Harris

Taking a hunch you have about the world and pursuing it in a structural,
mathematical way to understand something new about the world

— Hilary Mason

Introduction

In today’s scenario, we all are surrounded by a bulk of data. We, as humans, are also an
example of big data as we are surrounded by devices that generate data every minute.

I spend most of my time assuming the world is not ready for the technology
revolution that will be happening to them soon

— Eric Schmidt

Executive Chairman Google

As a matter of fact, if we compare the present situation to the past scenario, we can find
that we are creating as much information in just two days as we did up to 2003, which
means we are creating five exabytes of data every two days.
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The real problem is user-generated data that they are producing continuously. At the time
of data analysis, we have challenges in storing and analyzing those data.

Structure

The following are the topics to be discussed in this chapter:
* Bigdata
e Characteristics of big data
e Why big data is required?
* Introduction of Hadoop
¢ Convergence of key trends
¢ Unstructured data
¢ Industry examples of big data
* Usages of big data

Objectives

This chapter provides an introduction to big data and its need in the current scenario. Every
device can generate data in each second, creating problems with its storage and, after that,
its analysis for further usage. These kinds of issues will be addressed in this chapter. Here,
we also collect introductory knowledge of Hadoop, which is used for processing and
storing a large amount of data. It also helps in ending the confusion of different types of data
generated by devices. Data has become a critical resource for businesses and organizations
of all sizes in recent years. However, with the increasing volume, velocity, and variety of
data, traditional data processing techniques and technologies have become insulfficient
to handle the data deluge. This is where the concept of big data comes into play. Big data
refers to large and complex data sets that traditional data processing applications cannot
handle effectively. Big data technologies enable the storage, processing, and analysis of
these massive data sets to extract valuable insights and create new opportunities. Hadoop,
one of the most popular big data technologies, is an open-source framework that facilitates
the distributed processing of large data sets across clusters of commodity hardware. With
Hadoop, organizations can analyze vast amounts of data in a cost-effective, scalable, and
flexible manner, unlocking new insights and business opportunities.

The real issue is user-generated content

— Schmidt
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Big data

Big data refers to the vast and complex volumes of structured and unstructured data that
exceed the processing capabilities of traditional data management systems. This data is
characterized by its sheer size, velocity, variety, and, more recently, its value. Big data
typically encompasses information from diverse sources, including social media, sensors,
machine-generated data, and traditional databases. It presents unique challenges and
opportunities as organizations seek to capture, store, analyze, and extract meaningful
insights from this data to make data-driven decisions and gain a competitive edge.

Mostly, it helps Google to analyze the data and sell data analytics to companies who
require it. We are producing data only through mobile as we already logged in when we
bought the system:

e Map: It collects data on our traveling.

e App: It gathers information about our daily life activities and records activities in
which we are most involved.

e E-commerce sites: It collect information about our requirement and shows
whatever we are supposed to buy.

e E-mails: It is important to note that while Google scans e-mail content, it claims
not to read e-mails for personal information or sensitive data. However, this
practice has raised privacy concerns, and Google has faced legal challenges related
to e-mail scanning in the past.

Indeed, over the past few decades, advances in technology, such as remote sensing,
Geographic Information Systems (GIS), and Global Positioning Systems (GPS), have
revolutionized the way we understand and analyze the distribution of human populations
across the world. For that scenario, we need to map those population data to a meaningful
survey that is performed by big companies. As a result, spatially careful changes across
scales of days, weeks, or months, or maybe year to year, area units are tough to assess
and limit the applying of human population maps in things within which timely data
is needed, such as disasters, conflicts, or epidemics. Information being collected daily
by mobile network suppliers across the planet, the prospect of having the ability to map
up-to-date and ever-changing human population distributions over comparatively short
intervals exists, paving the approach for brand new applications and a close to period of
time understanding of patterns and processes in human science.

Some of the facts related to exponential data production are as follows:

e Currently, over 2 billion people worldwide are connected to the internet, and over
5 billion individuals own mobile phones. By 2030, 150 billion devices are expected
to be connected to the internet. At this point, predicted data production will be 44
times greater than that in 2009.
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To provide a rough idea, by 2020, global internet traffic was estimated to be
measured in exabytes per month (1 exabyte = 1 billion gigabytes). Cisco’s Visual
Networking Index (VNI) forecasted that monthly global IP traffic would reach
260 exabytes per month by 2020. Facebook alone stores, accesses, and analyzes 30
+PB of user-generated data.

In 2018, Google was processing 20,000 TB+ of data daily.

Walmart processes over 1 million customer transactions, thus generating data in
excess of 2.5 PB as an estimate.

More than 5 billion people worldwide call, text, tweet, and browse on mobile
devices.

The number of e-mail accounts created worldwide is expected to increase from 3.3
billion in 2012 to over 4.3 billion by late 2016 at an average annual rate of 6% over
the four years. In 2012, a total of 89 billion e-mails were sent and received daily,
and this value is expected to increase at an average annual rate of 13% over the
next four years to exceed 143 billion by the end of 2016; by this rate, it is expected
to reach 500 billion + accounts by 2030.

Boston.com reported that in 2021, approximately 1507 billion e-mails were sent
daily. Currently, an e-mail is sent every 3.5 x 10-12 seconds. Thus, the volume
of data increases per second as a result of rapid data generation. At this rate, an
imaginary figure can be taken for us, which would be beyond our thinking.

By 2030, enterprise data is expected to total 400ZB, as per International Data
Corporation.

The New York Stock Exchange generates about one terabyte of data for new trade.

Based on this estimation, business-to-consumer (B2C) and internet-business-to-business
(B2B) transactions will amount to 450 billion per day.

All are the facts that are sufficient to prove that the world is generating large amounts of
data that are not only structured. That case leads to the innovation or thinking that can
provide solutions for solving those issues.

Big data is the one which is used to deal with the current scenario. Big data is the concept
for handling unstructured and structured data other than the traditional way. Table 1.1

shows the flow of data from bottom to top. In today’s scenario, any type of data is possible
to store and process:

Number Symbol In Binary
Bit b 1 bit
Nibble/Nybble | nibble 4 bits
Byte B 8 bits
KiloByte KB 1024 B
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Number Symbol In Binary
MegaByte MB 1024 KB
GigaByte GB 1024 MB
TeraByte TB 1024 GB
PetaByte PB 1024 TB
HexaByte HB 1024 PB
ZettaByte ZB 1024 HB
YottaByte YB 1024 ZB

Table 1.1: Introduction of data

Characteristics of big data

Big data is data that gives the capacity to think beyond the traditional database system.
As data that can be used in big data may be structured or unstructured data with a huge
amount of capacity, it requires fast movement, fast storage, and fast processing other
than conventional database techniques. These requirements of processing data demand
tools that can perform functions fast and meaningful that are difficult by any traditional
database tools. Properties of big data provide a next-generation way to handle situations
and provide an easy and efficient way to handle data for an organization. As we all see
around, there are a lot of devices that are continuously generating data with exponential
increments, and all human beings are digging themselves into social networking. These
types of unstructured and structured data create challenges in storing and processing data.

Every day, the world creates 2.5 quintillion bytes of data that are 90% of the data in the
world today that was created in the last two years alone, and sources of those data from
sensors, videos, post, Twitter, WhatsApp, Facebook, and many more digital sites of many
users.

The following is the comparison between big data and traditional techniques of databases:

Traditional Database “Schema on Write” Big data “Schema on Read”

There is a need to create a schema before data is | Data is firstly copied to HDFS; after that,
loaded into the database. transformation is needed.

The load operator performs explicitly to|Only required columns are extracted to
transform the database. perform operations.

It uses the scale-in property to the enhancement | There is the use of scale-out property to
of data on the server side. enrich data at any time.

Table 1.2: Traditional database and big data schema



