Abstract

In this chapter, we will explore
Hadoop, one of the foundational technologies
for processing Big Data. Hadoop has
revolutionized the way organizations manage
and analyse massive datasets. We will delve
into its core components, discuss its
architecture, and understand how it fits into
the broader Big Data ecosystem.
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INTRODUCTION TO BIG DATA

Big data is a term used to describe enormous and intricate amounts of data that are too

big to be efficiently managed, processed, and analysed using conventional data processing
tools and techniques.

The "4 Vs" of big data—volume, velocity, variety, and veracity—are typically used to
describe this data.

1.

Volume: Big data is massive in scale. It encompasses datasets that range from terabytes
to petabytes and beyond. This volume makes it challenging to store and process using
conventional database systems.

Velocity: The rate at which data is produced in the modern digital environment is
unprecedented. This includes data from social media posts, sensor data from IoT devices,
financial transactions, and more. To acquire and process this data in real-time or close to
real-time, big data technologies are required.

Variety: Big data can be processed (like traditional relational databases), semi-structured
(like XML or JSON), or unstructured (like text files) (like text, images, audio, and video).
Specialized tools and strategies are needed to handle this variability.

Veracity: Veracity refers to the quality and trustworthiness of the data. Big data often
includes noisy, incomplete, or inconsistent data, which can complicate analysis. Data
cleaning and validation become critical.

Two additional Vs are occasionally added in addition to the four Vs are:

1.

Value: The ultimate goal of big data is to extract meaningful insights and value from the
data. This can involve discovering patterns, trends, correlations, or predicting future
outcomes to make informed decisions.

Variability: Data can have fluctuations in its volume, velocity, and variety over time.
Understanding and adapting to these variations is essential in big data analytics.

Organizations employ specialised technology and techniques, such as the foregoing, to
manage big data effectively:

» Distributed Computing: Big data systems often rely on distributed computing
frameworks like Hadoop and Apache Spark for data processing across clusters of
computers.

« NoSQL Database: These databases are designed to store and effective data retrieval
from vast amounts of unorganized and semi-structured information. Examples include
MongoDB, Cassandra, and Redis.

« Data Warehousing: Traditional data warehousing solutions have evolved to handle
big data, offering massive storage and parallel processing capabilities.
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* Machine Learning and Al: These technologies are used to analyse big data for
predictive analytics, recommendation systems, and other advanced applications.

« Data Visualization: Tools for creating interactive visualizations help users explore
and understand complex big data sets.

« Data Governance and Security: Given the sensitivity of some big data, robust
governance and security measures are essential to protect data and ensure compliance
with regulations.

Big data has wide-ranging applications across industries, including finance,
healthcare, retail, marketing, and more. It enables organizations to gain insights,
discover hidden trends and create data-driven decisions, that can lead to innovation
and competitive advantages. However, it also presents challenges related to privacy,
ethics, and the need for skilled data professionals to manage and analyse these vast
datasets.

Il. THE NEED FOR HADOOP

In the field of big data and distributed computing, Hadoop is an effective and popular

platform. Its need arises from the challenges posed by the number, diversity, and speed of
data being produced in the modern digital era are increasing. Here are some key reasons why
Hadoop is essential:

1.

Handling Massive Data Sets: Traditional databases and data processing tools struggle to
handle the enormous volumes of data generated by businesses and organizations. Hadoop
was designed to efficiently store, process, and analyse massive datasets, often ranging
from terabytes to petabytes in size.

Distributed Storage: Hadoop's Hadoop Distributed File System (HDFS) distributes data
across a cluster of machines, making it highly fault-tolerant and scalable. Using a cluster
of inexpensive hardware, this architecture enables businesses to store and retrieve
enormous volumes of data.

Cost-Effective Storage: Hadoop's use of commodity hardware significantly reduces the
cost of data storage compared to traditional storage solutions. It also allows organizations
to scale storage capacity as needed by simply adding more nodes to the cluster.

Parallel Processing: The MapReduce framework in Hadoop allows for concurrent data
processing throughout the cluster, which speeds up data processing processes. This
parallelism is crucial for tasks like batch processing, data mining, and complex analytics.

Scalability: Hadoop's architecture is inherently scalable. As data volumes grow,
organizations can easily add more nodes to the cluster, increasing both storage and
processing capacity linearly.
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Flexibility: Hadoop doesn't just work with structured data. It can manage semi-structured
and unstructured data, including log files, pictures, and text. This flexibility is essential
for organizations looking to derive insights from diverse data sources.

Data Processing Frameworks: Hadoop has evolved beyond MapReduce, with the
introduction of various data processing frameworks like Apache Spark, Apache Hive,
Apache Pig, and more. These frameworks offer specialized tools for different types of
data processing tasks, making Hadoop a versatile platform.

Fault Tolerance: Built-in solutions for fault tolerance are available in Hadoop. Data may
be quickly replicated from other nodes in the cluster if a node in the cluster fails, assuring
data availability and dependability.

Data Analytics: Hadoop's ecosystem includes tools for advanced analytics, machine
learning, and data visualization. This makes it suitable for a wide range of data-driven
applications, from business intelligence to predictive analytics.

Open-Source Community: Hadoop is open-source software, and there is a sizable and
vibrant community of users and developers. This means constant development,
improvement, and support, making it a robust choice for organizations.

In summary, the need for Hadoop arises from the need to efficiently and cost-
effectively manage and process massive volumes of data in various formats. For firms
seeking to be using big data for insights and decision-making, its distributed design,
scalability, fault tolerance, and ecosystem of tools makes it an excellent asset. However,
it's worth noting that the big data landscape has evolved, and while Hadoop remains
relevant, there are other emerging technologies and cloud-based solutions to consider as
well.

HADOOP CORE COMPONENTS

Hadoop Distributed File System (HDFS): A distributed file system called Hadoop
Distributed File System (HDFS) is created to store and operate very large data sets across
a number of computers running on common hardware or even in the cloud. It is a key part
of the widely used Apache Hadoop ecosystem for massive data handling and analysis.

Here are some key characteristics and features of HDFS:

e Distributed Storage: HDFS breaks massive files into new chunks and stores data
across numerous machines (nodes) in a cluster (typically 128 MB or 256 MB in size).

e Fault Tolerance: The HDFS system is made to be very fault-tolerant. This is
accomplished by duplicating each data block several times (usually three times)
among several cluster nodes. HDFS may still access the data from one of the copies
even if a node or block becomes inaccessible.
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e Data Streaming: Since HDFS is intended for streaming data, it may be used for
applications like batch processing and data mining that need high-throughput data
access.

e Write-once, Read-Many Model: For a write-once, read-many paradigms, HDFS is
designed. Data is often not updated once it has been written to HDFS. Instead,
additional information is added at the file's end.

e Horizontal Scalability: By dividing huge files into blocks and storing these blocks
over a cluster of affordable hardware, HDFS is able to scale. You can simply add
more nodes to the cluster as the amount of data increases, enabling HDFS to scale
horizontally. This implies that by connecting more machines to the network, the
system's capacity may be increased.

e Data locality: Data localization is a key idea in the Hadoop Distributed File System
(HDFS) that has a big influence on how well Hadoop applications run. The technique
of locating computation close to the data it uses is known as data locality. While
referring to HDFS, it indicates that the Hadoop framework seeks to schedule jobs on
the same nodes where the data is stored, rather than transporting the data across the
network, when processing huge datasets. By minimising data transfer across the
network, this strategy lowers network traffic and boosts system performance as a
whole.

e Namespace and Block Management: Namespace and block management are
essential parts of Hadoop Distributed File System (HDFS), which allow for
distributed and fault-tolerant data storage and retrieval. A master-slave architecture
underlies HDFS. Data Nodes are the slave servers in charge of storing and
maintaining the actual data blocks, whereas Name Nodes are the master server in
charge of managing the namespace and metadata.

e Command-Line and Web Interfaces: In order to interact with the file system,
manage files, and keep track of the cluster, Hadoop Distributed File System (HDFS)
offers both command-line interfaces (CLI) and online interfaces. Users and
administrators can communicate with the file system using a web-based interface and
command-line tools provided by HDFS.

e Integration with Hadoop Ecosystem: HDFS is closely integrated with other
components of the Hadoop ecosystem, such as MapReduce (for distributed
processing), Hive (for data warehousing), and Spark (for data analytics), making it a
fundamental elements of big data processing pipelines.

e Web Interface: Hadoop Distributed File System (HDFS) provides both online and
command-line interfaces for interacting with the file system, managing files, and
monitoring the cluster. Through a web-based interface and command-line tools
offered by HDFS, users and administrators may connect with the file system.

HDFS is an integral part of the Hadoop framework and is used in various
industries for storing and processing large volumes of data. However, it's important to
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note that while HDFS is suitable for many use cases, it may not be the best choice for
all storage requirements, especially when low-latency access to small files is needed.
In such cases, alternative distributed file systems like Apache HBase or cloud-based
storage solutions might be more appropriate.

2. MapReduce: Popular open-source framework Hadoop is used for the distributed storing
and processing of enormous information. MapReduce is one of its essential elements.
With the help of the processing engine and programming paradigm MapReduce,
programmers may distribute and process huge datasets over a cluster of computers in
simultaneously. The essential elements and ideas of MapReduce are as follows:

e Mapper: The first step in a MapReduce job is the Mapper phase. Mappers take the
input data and process it into key-value pairs. These key-value pairs are then passed to
the next phase. Each Mapper works on a portion of the input data, and all Mappers
run in parallel.

e Partitioner: The Partitioner determines how the key-value pairs generated by the
Mappers are distributed to the Reducers. It ensures that all key-value pairs for a
specific key go to the same Reducer, allowing data with the same key to be processed
together.

e Shuffling and Sorting: After the Mapper phase, the MapReduce framework performs
a shuffling and sorting step. During this phase, the framework groups together all the
same variable and value are linked and sorts them. This ensures that each Reducer
receives a sorted list of values for a specific key.

e Reducer: The Reducer phase is where the actual processing takes place. Reducers
receive the sorted key-value pairs from the Shuffling and Sorting phase and process
them. Reducers can aggregate, filter, or perform other operations on the data. Like the
Mappers, Reducers run in parallel, but each Reducer handles a specific subset of keys.

e Output: The output of the Reducer phase is typically written to an external storage
system, such as Hadoop Distributed File System (HDFS) or another data store. The
output data can be used for further analysis or as the input to other MapReduce jobs.

e Job Tracker: In Hadoop's earlier versions (pre-YARN), the Job Tracker was
responsible for managing and monitoring MapReduce jobs. It coordinated the
allocation of resources, tracked the progress of tasks, and rescheduled tasks in case of
failures.

e Task Tracker: In earlier Hadoop versions, Task Trackers were responsible for
executing Mapper and Reducer tasks on individual nodes in the cluster. They reported
task status and progress back to the Job Tracker.

It's worth noting that with the introduction of YARN (et Another Resource
Negotiator) in Hadoop, the Job Tracker and Task Tracker have been replaced. YARN
is a more flexible and scalable resource management framework that allows Hadoop
to support not only MapReduce but also other data processing frameworks.
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In summary, MapReduce is a fundamental component of Hadoop that provides
a framework for distributed data processing. It divides data processing into the Map
and Reduce stages, making it possible to process big datasets in parallel and scalable
fashion over a cluster of computers.

3. YARN (Yet Another Resource Negotiator): The task scheduling and resource
management part of Hadoop is called YARN, or Yet Another Resource Negotiator. At the
time of its introduction, YARN was referred to as a "Redesigned Resource Manager," but
it has since developed into a large-scale distributed operating system suited for Big Data
processing. It was introduced in Hadoop 2.0 to address the resource management and
flexibility issues with the previous MapReduce architecture. Hadoop's architectural hub,
YARN, enables many data processing engines to efficiently share and use cluster
resources. Here is a more usually accomplished of YARN:

Here are the key components and responsibilities of YARN:

e Resource Manager (RM)

» Apache Hadoop The Hadoop resource management layer is called YARN (Yet
Another Resource Negotiator). It is in charge of planning and coordinating the
resources in a Hadoop cluster. The Resource Manager (RM) is a crucial part of
YARN.

> It is in charge of assigning resources to various applications according to their
priorities and resource needs.

» The Resource Manager maintains track of the CPU and memory that are available
on the cluster and makes sure that resources are distributed equally among
competing applications.

e Node Manager (NM)

» A per-node daemon called the Node Manager (NM) is in charge of keeping track
of resource utilisation and relaying that data to the Resource Manager (RM).

» Each computer in the cluster has a Node Manager running on it that is in charge of
managing the resources on that node.

» They report resource utilization and health metrics to the Resource Manager.

» Containers, which are isolated environments for carrying out functions relevant to
an application, are launched and monitored by node managers.

e Application Master (AM): The Application Master (AM), a per-application
component of the Apache Hadoop YARN (Yet Another Resource Negotiator)
framework, collaborates with the Node Managers to perform and monitor tasks while
negotiating resources from the Resource Manager.

» There is an Application Master for each application that is submitted to the cluster.

> Negotiating resources with the Resource Manager and requesting the deployment
of containers for an application's tasks are the responsibility of the application
master.

> It keeps track of the application's development, responds to errors, and updates the
Resource Manager on its status.
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e Container
» Containers are lightweight, isolated environments where application-specific tasks
run.
» They encapsulate CPU, memory, and other resources required for a task.
» Containers can run a variety of applications, such as MapReduce jobs, Spark
tasks, or other distributed computing frameworks.

YARN provides a flexible and scalable resource management framework that
allows Hadoop to support a wider range of distributed applications beyond just
MapReduce. This flexibility makes it possible to run various processing frameworks
like Apache Spark, Apache Flink, and more alongside traditional MapReduce jobs in a
Hadoop cluster. YARN's resource negotiation and management capabilities are critical
for achieving efficient resource utilization in large-scale data processing
environments.

IV. HADOOP ECOSYSTEM

A group of open-source software tools and frameworks known as the Hadoop

ecosystem are created to store, process, and analyse massive amounts of data in a distributed
computing setting. It was first created by the Apache Software Foundation and is now
accepted as the industry norm for large data processing. The Hadoop ecosystem is made up of
a number of important parts and initiatives that combine to offer a complete platform for big
data analytics. Here are some of the key elements and initiatives in the Hadoop ecosystem as
of my most recent knowledge update, which occurred in September 2021:

1.

Hadoop Distributed File System (HDFS): A distributed file system called HDFS offers
high-throughput data access. For fault tolerance and scalability, it breaks up huge files
into smaller chunks and distributes them across a cluster of commodity hardware.

Map Reduce: Large datasets may be processed and created using the MapReduce
programming model and processing engine. It divides larger jobs into smaller tasks for
parallel processing across a Hadoop cluster.

YARN (Yet Another Resource Negotiator): A part of Hadoop called YARN handles
resource management and task scheduling. It makes it possible for many data processing
engines, including MapReduce, Apache Spark, and Apache Flink, to effectively share and
distribute cluster resources.

Apache Spark: In-memory data processing capabilities are offered by Spark, a quick and
versatile data processing framework. It may be used to interactive queries, real-time
stream processing, and batch processing.

Hive: A Hadoop solution for data warehousing and SQL-like queries is called Hive. To
analyse data stored in HDFS, users can create SQL queries. Map Reduce jobs are created
from Hive searches and then run.

Pig: Pig is a high-level programming environment used to develop MapReduce scripts for
data processing. It offers the Pig Latin scripting language to express data manipulations.
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HBase: Large datasets may be accessed in real-time with random read and write access
using the NoSQL database HBase. It is appropriate for applications that need quick access
to a lot of data.

Zookeeper: A centralised service called Zookeeper manages configuration data, names,
distributes synchronisation, and offers group services. Many Hadoop components utilise
it for administration and collaboration.

Oozie: A workflow scheduling tool for managing Hadoop operations is called Oozie.
Users may specify and plan processes that can contain different Hadoop ecosystem
components.

Sqoop: Apache Sqgoop is a programme made for quickly moving large amounts of data
between structured datastores like relational databases and Apache Hadoop. SQL to
Hadoop and Hadoop to SQL are represented by the acronym "Sqoop." To specify the
details of data transfers between Hadoop and external data storage, it offers a command-
line interface. Sqoop is a technology used to move data between relational databases and
Hadoop. It enables the import of data from databases into HDFS and the reverse.

Flume: Apache Flume is a distributed, dependable, and accessible service for quickly
gathering, assembling, and transferring significant amounts of streaming data from
diverse sources to a centralised data store like Apache Hadoop HDFS (Hadoop
Distributed File System) or Apache HBase. Flume excels in handling log data, event data,
and other sorts of data that are continuously produced by systems and applications.

Kafka: An open-source message broker and platform for stream processing, Apache
Kafka is frequently used to create real-time data pipelines and streaming applications.
Kafka, created by the Apache Software Foundation, is intended to manage data streams
that are fault-tolerant, scalable, and high throughput. Large-scale data processing, real-
time analytics, monitoring, and log aggregation scenarios are where it is most frequently
used.

Mahout: Efficient and decentralized machine learning techniques may be used using
Mahout, an open-source machine learning framework. It offers implementations of
numerous clustering, classification, collaborative filtering, and recommendation
algorithms and is built to operate with large-scale data sets. Mahout is appropriate for
processing and analysing huge data since it is built on top of scalable technologies like
Apache Hadoop, Apache Spark, and others.

Ambari: Ambari is a free management and monitoring solution for Apache Hadoop
cluster management, monitoring, and provisioning. By offering a user-friendly web-based
interface and automating a number of cluster tasks, it makes managing and monitoring
Hadoop clusters easier. Ambari aids with the efficient integration, configuration, and
management of Hadoop clusters by administrators and operators.

Ranger: Ranger is a security management framework for Hadoop. It provides centralized
security administration, authorization policies, and auditing.
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Please keep in mind that the Hadoop ecosystem is dynamic and that after
the previous knowledge update in September 2021, new projects and changes may have
emerged. If you're using Hadoop in 2023 or later, it's critical to stay up to date on project
statuses and recent advancements by visiting the Apache Hadoop website or other
trustworthy sources.5.5

Hadoop in Action

Let's consider a real-world example of how Hadoop can be used. A retail company
wants to analyze its customer data to improve sales and marketing strategies. They collect
data from various sources, including online transactions, customer reviews, and social
media. Using Hadoop, they can store and process this massive amount of data efficiently.

e Data Ingestion: Data from different sources is ingested into HDFS using tools like
Flume and Kafka.

e Data Processing: Using MapReduce or Spark, the company can analyze customer
behaviour, perform sentiment analysis on reviews, and identify trends.

e Data Storage: Aggregated results can be stored in HBase for real-time access and in
Hive for ad-hoc querying.

e Data Visualization: For business users to explore the data, interactive dashboards
may be made using tools like Tableau or Power BI.

V. CHALLENGES AND CONSIDERATIONS
While Hadoop offers significant advantages for Big Data processing, it also presents
challenges:

« Complexity: It can be challenging and requires specific skills to manage a Hadoop
cluster.

» Performance: The batch processing paradigm of Hadoop might not be appropriate
for all use cases, particularly those demanding real-time processing.

« Data Security: It is difficult to protect sensitive data in a dispersed setting; this
problem has to be solved.

VI. CONCLUSION

Hadoop has become a cornerstone of Big Data processing, enabling organizations to

harness the power of massive datasets. Its flexible architecture, rich ecosystem, and
scalability make it a valuable tool in the world of data analytics. As the Big Data landscape
continues to evolve, Hadoop remains a crucial technology for organizations seeking to extract
insights and value from their data.
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