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Abstract

The continuous advancement of digital technologies has significantly increased the generation of structured, semi-structured, and
unstructured data across different domains. Conventional database management systems often struggle to efficiently store, process,
and analyze such large-scale datasets [1], [11]. Big Data technologies emerged to overcome these challenges, and Hadoop became
one of the most widely adopted open-source frameworks for distributed data processing and storage. Hadoop provides scalable,
reliable, and fault-tolerant infrastructure for handling large-scale data analytics [3], [4]. This paper provides a detailed review of the
Hadoop ecosystem and discusses the major components involved in Big Data analytics. The study discusses Hadoop Distributed
File System (HDFS), MapReduce, YARN, Hive, Pig, HBase, Sqoop, Flume, Oozie, and ZooKeeper. Furthermore, the paper
highlights the advantages, applications, and limitations of Hadoop in modern computing environments. The survey aims to provide
a clear understanding of Hadoop technologies and their importance in Big Data processing.
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l. Introduction

In recent years, the advancement of internet technologies, cloud computing, social media platforms, mobile applications, and smart
devices has led to an exponential increase in data generation. Organizations produce huge volumes of data every second through
online transactions, sensors, healthcare systems, social networking sites, and business operations. Managing and processing this
massive amount of information using traditional systems has become difficult because conventional databases are not designed for
high scalability and distributed computing.

Big Data refers to extremely large and complex datasets that cannot be efficiently processed using traditional data processing tools
[11], [12]. Big Data is generally characterized by the concepts of VVolume, Velocity, Variety, Veracity, and Value. Due to these
characteristics, organizations require advanced frameworks capable of distributed storage and parallel processing.

Apache Hadoop emerged as an effective solution for Big Data analytics [1], [7]. Hadoop is an open-source framework developed
for distributed storage and processing of large datasets across clusters of commodity hardware. It enables organizations to process
massive amounts of data reliably and efficiently at low cost. Hadoop offers scalability, fault tolerance, parallel processing, and
distributed computing capabilities.

The Hadoop ecosystem consists of several tools and technologies that support storage, resource management, data access, workflow
scheduling, and real-time data processing. This paper provides a detailed survey of the Hadoop ecosystem and explains the role of
different Hadoop components in Big Data analytics.

11. Big Data and Its Characteristics

Big Data represents datasets whose size and complexity exceed the capabilities of traditional database systems. The increase in data
generation from social media, e-commerce, 10T devices, healthcare systems, banking systems, and multimedia platforms has
accelerated the need for Big Data technologies.

The major characteristics of Big Data are described as follows:
A. Volume

Volume refers to the enormous quantity of data generated every day. Organizations store petabytes and exabytes of information
from different sources.
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B. Velocity

Velocity represents the speed at which data is generated and processed. Real-time applications such as stock trading and online
streaming require rapid data processing.

C. Variety

Variety indicates different types of data including structured, semi-structured, and unstructured data such as text, images, videos,
and sensor data.

D. Veracity

Veracity refers to the quality and reliability of data. Inaccurate or inconsistent data can affect analytical results.
E. Value

Value represents the useful insights extracted from Big Data for decision-making and business intelligence.

Traditional systems face several challenges while handling Big Data, including storage limitations, slow processing speed,
scalability issues, and high infrastructure costs. Hadoop addresses these challenges using distributed storage and parallel computing
techniques.

111. Hadoop Architecture
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Figure 1: Architecture of Hadoop Ecosystem
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Figure 1. Hadoop Distributed Architecture

Figure 1 illustrates the overall architecture of the Hadoop framework. The client submits jobs to the Hadoop cluster, while YARN
manages resource allocation and scheduling operations. The NameNode maintains metadata information of HDFS, and multiple
DataNodes store distributed data blocks. The Application Master coordinates task execution across cluster nodes. This distributed
architecture improves scalability, fault tolerance, and parallel data processing efficiency [1], [4].

The Hadoop architecture follows a distributed computing model in which data is stored and processed across multiple nodes in a
cluster. The NameNode manages metadata and file system operations, while DataNodes store actual data blocks. YARN manages
resources and schedules tasks for efficient processing. The architecture supports scalability, reliability, and fault tolerance through
distributed storage and parallel computation.

Apache Hadoop is designed using a master-slave architecture that allows distributed storage and parallel processing across multiple
nodes. Hadoop architecture mainly consists of the following core components:

1. Hadoop Distributed File System (HDFS)
2. MapReduce

[JNRD2210191

International Journal of Novel Research and Development (www.ijnrd.org) b575



http://www.ijnrd.org/

© 2022 IJNRD | Volume 7, Issue 10 October 2022 | ISSN: 2456-4184 | [JNRD.ORG
3. Yet Another Resource Negotiator (YARN)

4. Hadoop Common

The architecture supports high fault tolerance by replicating data across multiple nodes. If one node fails, the system automatically
retrieves data from another node.

A. Hadoop Distributed File System (HDFS)
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Figure 2: Architecture of HDFS (Hadoop Distributed File System)
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Figure 2. Hadoop Distributed File System (HDFS) Architecture

Figure 2 represents the architecture of HDFS. The NameNode acts as the master component responsible for metadata management,
file allocation, and block tracking. DataNodes store actual data blocks in distributed form and periodically send status reports to the
NameNode. HDFS ensures high reliability and fault tolerance through block replication mechanisms [4].

In HDFS architecture, the NameNode acts as the master server responsible for maintaining metadata information such as file names,
directory structures, and block locations. DataNodes store actual data blocks and periodically communicate with the NameNode to
ensure system consistency and reliability.

HDFS is the primary storage system of Hadoop [4]. It stores data in a distributed manner across multiple machines in a cluster.
Large files are divided into smaller blocks and distributed among various nodes.

The major components of HDFS are:

1. NameNode

The NameNode acts as the master server and manages metadata such as file names, permissions, and block locations.

2. DataNode

DataNodes are slave nodes responsible for storing actual data blocks. Multiple DataNodes work together to store and retrieve data.

Features of HDFS

e Fault tolerance through data replication
¢ High scalability

e Distributed storage

o  Cost-effective infrastructure

¢ High throughput data access

HDFS is suitable for storing large datasets and performing batch processing operations.
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B. MapReduce
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Figure 3: MapReduce Processing Model

7 Input Data: Large dataset is split into independent chunks and stored in HDFS,

» Map Phase: Each mapper processes a split of input data in parallel and produces key-value
pairs.
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» Final Output: The reduced result is written back to HDFS or any other storage system,

Figure 3. MapReduce Processing Workflow

Figure 3 demonstrates the working mechanism of the MapReduce framework. Input datasets are divided into smaller parts during
the map phase, where intermediate key-value pairs are generated. These intermediate results are then processed during the reduce

phase to produce the final output. The MapReduce model enables distributed and parallel processing of large-scale datasets
efficiently [3], [6].

The MapReduce framework divides the input dataset into smaller chunks that are processed independently during the map phase.

Intermediate results generated by the map tasks are then combined and processed in the reduce phase to produce the final output.
This model enables efficient parallel processing of large datasets.

MapReduce is the processing model used in Hadoop for parallel data processing [3], [6]. It divides tasks into smaller subtasks and
processes them simultaneously on different nodes.

MapReduce consists of two major phases:

1. Map Phase

In the map phase, input data is divided into smaller chunks and processed independently to generate key-value pairs.

[JNRD2210191

International Journal of Novel Research and Development (www.ijnrd.org) b577



http://www.ijnrd.org/

© 2022 IJNRD | Volume 7, Issue 10 October 2022 | ISSN: 2456-4184 | INRD.ORG
2. Reduce Phase

The reduce phase combines intermediate results and produces the final output.

MapReduce enables distributed processing and improves performance while handling massive datasets.
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Figure 4. YARN Resource Management Architecture

Figure 4 illustrates the YARN architecture used in Hadoop for resource management and job scheduling. The Resource Manager
allocates cluster resources, while Node Managers handle resources on individual nodes. Containers are responsible for executing
application tasks. YARN improves cluster utilization and supports multiple data processing models within the Hadoop ecosystem

[71.

YARN separates resource management from data processing operations in Hadoop. The Resource Manager allocates cluster
resources, while Node Managers manage resources on individual nodes. Containers execute application tasks efficiently across the
cluster.

YARN stands for Yet Another Resource Negotiator [7]. It is responsible for resource management and job scheduling in Hadoop.
YARN separates resource management from data processing, improving cluster utilization and processing efficiency.
The main components of YARN include:

e Resource Manager
e Node Manager

e Application Master
e Containers

YARN supports multiple data processing models including batch processing, interactive processing, and real-time analytics.
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The Hadoop ecosystem contains several tools that support data storage, processing, querying, management, and analysis.

A. Hive
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Figure 5. Hadoop Ecosystem Component
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Apache Hive is a data warehouse tool used for querying and analyzing data stored in Hadoop [5]. Hive provides an SQL-like
language called HiveQL that simplifies data analysis.

Advantages of Hive include:

B. Pig

Easy data querying
SQL-like interface

Suitable for large-scale analytics

Integration with Hadoop ecosystem

Apache Pig is a high-level platform for analyzing large datasets [1]. It uses a scripting language known as Pig Latin.

Pig simplifies complex data processing operations and reduces coding complexity compared to Java MapReduce programming.

C. HBase

HBase is a distributed NoSQL database built on top of HDFS [10]. It provides real-time read and write access to large datasets.

Features of HBase include:

[JNRD221 1

Real-time processing
Distributed storage
Column-oriented database structure

High scalability
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D. Sqoop

Apache Sqoop is used for transferring data between Hadoop and relational database systems such as MySQL and Oracle [9].
Sqoop supports:

e Importing data into Hadoop
e  Exporting data from Hadoop
e  Fast bulk data transfer

E. Flume
Apache Flume is a distributed service used for collecting and transferring large amounts of log data into Hadoop [10].
Flume is commonly used in:

e Log collection
e  Streaming data transfer
e Real-time event monitoring

F. Oozie
Apache Oozie is a workflow scheduling system for managing Hadoop jobs [7].
Oozie helps in:

e  Scheduling workflows
e Managing dependencies
e Automating Hadoop operations

G. ZooKeeper
Apache ZooKeeper is a coordination service used for managing distributed applications [1], [7].
Its functions include:

e  Synchronization

e Configuration management
e Naming services

e Distributed coordination

V. Applications of Hadoop

Hadoop is widely used in several domains due to its scalability and distributed processing capabilities.

A. Healthcare

Healthcare organizations use Hadoop for storing and analyzing patient records, medical images, and healthcare analytics.
B. Banking and Finance

Banks use Hadoop for fraud detection, customer analytics, and transaction processing.

C. Social Media Analytics

Social media platforms generate massive amounts of user data that can be analyzed using Hadoop technologies.

D. E-Commerce

E-commerce companies use Hadoop for recommendation systems, customer behavior analysis, and inventory management.
E. Scientific Research

Research organizations utilize Hadoop for large-scale data analysis and scientific computations.

VI. Advantages and Limitations of Hadoop

A. Advantages
1. Scalability: Hadoop can easily scale from a few nodes to thousands of nodes.

2. Fault Tolerance: Data replication ensures reliability during hardware failures.
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3. Cost Effectiveness: Hadoop runs on commodity hardware, reducing infrastructure costs.

4. Flexibility: Hadoop supports structured and unstructured data.
5. Parallel Processing: Multiple nodes process data simultaneously, improving efficiency.

B. Limitations
1. Hadoop is mainly designed for batch processing and may not perform well for real-time analytics.

2. Complex configuration and maintenance require technical expertise.
3. Hadoop consumes large storage space due to data replication.

4. Security management in Hadoop clusters can be challenging.

VII. Conclusion

Big Data technologies have transformed the way organizations manage and analyze massive datasets. Hadoop has emerged as one
of the most reliable and scalable frameworks for distributed data storage and processing [1], [4]. The Hadoop ecosystem provides
various tools for data management, processing, querying, and workflow scheduling.

This paper presented a survey of Hadoop architecture and major Hadoop ecosystem components such as HDFS, MapReduce,
YARN, Hive, Pig, HBase, Sqoop, Flume, Oozie, and ZooKeeper. Hadoop enables organizations to process large-scale data
efficiently while maintaining scalability and fault tolerance.

Despite some limitations, Hadoop continues to play a significant role in Big Data analytics and distributed computing. Future
advancements in cloud computing, machine learning, and real-time analytics are expected to further enhance Hadoop technologies
and their applications.
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