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ABSTRACT

With the unprecedented rise of digital information, organizations face challenges in storing, processing, and analyzing massive volumes of structured and
unstructured data. Apache Hadoop, an open-source framework, provides a distributed, fault-tolerant, and cost-efficient approachto big data analytics. This paper
reviews the architecture of Hadoop, its core components—Hadoop Distributed File System (HDFS), MapReduce, and Yet Another Resource Negotiator
(YARN)—and key ecosystem tools such as Hive, Pig, HBase, Sqoop, and Ambari. Furthermore, it explores industry use cases, advantages, and challenges
associated with Hadoop implementation. The study concludes that Hadoop continues to serve as a foundational framework in modern data-driven ecosystems and

remains crucial for scalable and efficient analytics.
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I. INTRODUCTION

In recent years, the volume of global data has grown exponentially, driven by social networks, e-commerce, [oT devices, and enterpriseapplications.
Traditional relational databases are no longer capable of managing this growth efficiently due to constraints in scalability and performance [12].
Apache Hadoop, introduced by the Apache Software Foundation, offers a distributed computing framework designed to store and process large datasets

using clusters of commodity hardware [4].

Hadoop was inspired by Google’s pioneering work on the Google File System (GFS) [1] and the MapReduce programming model [5]. These concepts
were re-engineered into open-source components, constituting the foundation of Hadoop. Over time, the framework evolved with the introduction of

YARN, which separated resource management from job scheduling, improving performance and flexibility [3], [10].

Today, Hadoop is widely adopted in industries such as finance, healthcare, telecommunications, and government for data warehousing, analytics, and

real-time decision-making [12], [19]. This paper aims to provide an in-depth review of Hadoop’s architecture, ecosystem, and applications.

II. HADOOP ARCHITECTURE

Hadoop’s architecture is based on a master—slave model consisting of nodes that perform both storage and processing functions [2]. It includes three
main components: HDFS, MapReduce, and YARN [8].

A. Hadoop Distributed File System (HDFS)

HDFS is Hadoop’s primary storage system, designed to store very large files reliably across multiple machines [2]. It divides files into blocks (typically
128 MB) and distributes them across cluster nodes for parallel processing. Each block is replicated across different nodes to ensure data availability

even in case of hardware failure [23].
The HDFS architecture consists of:
e NameNode: Manages metadata and namespace information.
. DataNodes: Store the actual data blocks and communicate regularly with the NameNode.

HDFS offers a fault-tolerant architecture, data replication, and scalability—allowing users to store petabytes of data across thousands of nodes [4], [8].
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Fig. 1. HDFS Architecture[30]
B. MapReduce Programming Model

The MapReduce framework enables parallel data processing across the Hadoop cluster [5]. The Map phase processes input data into key-value pairs,
while the Reduce phase aggregates these intermediate results into final outputs.

This model abstracts the complexity of distributed programming, automatically handling data partitioning, job scheduling, and fault recovery.
MapReduce simplifies large-scale data processing but is optimized primarily for batch workloads, making it less suitable for real-time analytics [10],

[27].
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Fig. 2. MapReduce Workflow[5]
C. Yet Another Resource Negotiator

YARN was introduced in Hadoop 2.0 to improve cluster efficiency. It separates resource management from the application logic, enabling multiple
frameworks such as Spark, Tez, and Flink to run on the same cluster [3], [10].

YARN’s core components include:
e  ResourceManager (RM): Allocates cluster resources.
e NodeManager (NM): Monitors node health and resource usage.
e ApplicationMaster (AM): Manages execution of individual applications.

By enhancing scalability and multi-tenancy, YARN enables Hadoop to efficiently manage computing resources and handle both batch and interactive
workloads across diverse data processing environments [25].

II1. HADOOP ECOSYSTEM COMPONENTS

The Hadoop ecosystem is a collection of tools that extend Hadoop’s capabilities beyond basic storage and processing [8], [9]. These tools cover data

ingestion, querying, analysis, machine learning, and cluster management.
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Fig. 3. Hadoop Ecosystem[27]
A. Data Management and Querying Tools
e  Hive:Adatawarehouseinfra that uses a SQL-like language (HiveQL) to perform data summarization and ad-hoc queries [9].
e Pig: Provides a scripting platform called Pig Latin for large-scale data transformation [27].
. HBase: A column-oriented NoSQL database that enables real-time read/write operations on massive datasets [6], [15].
B. Data Ingestion and Integration Tools
. Sqoop: Provides the data transfer between relational databases and Hadoop [19].
e  Flume: Collects and transports large volumes of streaming log data [21].
e  Kafka: Handles live data pipelines and event streaming [22].
C. Workflow and Coordination Tools
e Oozie: Manages job scheduling and workflow automation for Hadoop tasks [17].
e ZooKeeper: Provides distributed synchronization and configuration services [18].
D. Cluster Management and Monitoring Tools
e Ambari: Offers a web-based Ul for provisioning, monitoring, and maintaining Hadoop clusters [16].
E. Machine Learning Tools

e Mahout: Implements distributed machine-learning algorithms using the MapReduce paradigm [10].

IV.USE CASES OF ECOSYSTEM

Hadoop is extensively utilized across multiple industries due to its scalability and flexibility [19], [27], [28].
. ToT devices, and enterprise applications. Traditional relational databases
. Finance: Used for fraud detection, risk management, and transaction analytics [12].
e  Healthcare: Analyzes patient records and genomic data for predictive healthcare [11].
. Retail: Supports recommendation engines and customer behavior analysis [19].
. Telecommunication: Processes call detail records and optimizes network traffic [19].
. Government: Enables population data analysis and policy modeling using large datasets [12].

. Education and Research: Facilitates research data analysis and academic analytics [27].
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Fig. 4. Hadoop Use Cases Image[29]

Major companies like Yahoo, Facebook, and Spotify rely on Hadoop for data warehousing and analytics at the petabyte scale [25], [28].

V. ADVANTAGES AND CHALLENGES

A. Advantages

. Scalability: Handles large-scale data by adding inexpensive nodes [2], [4].

e  FaultTolerance: Automatically replicates data to prevent loss [23].

e  Cost Efficiency: Built on open-source software and commodity hardware [4].

e  Flexibility: Supports structured, semi-structured, and unstructured data [11].

e Community Support: Backed by major vendors like Cloudera and Amazon EMR [24], [25].
B. Challenges

. Small File Issue: Managing millions of small files reduces HDFS efficiency [2].

. Security Management: Multi-tenant environments require advanced access control [25]

Despite these challenges, Hadoop continues to advance through cloud integration, containerized deployment, and enhanced compatibility with modern
frameworks [8], [28].

VI. CONCLUSION

Apache Hadoop has redefined large-scale data processing through its distributed architecture and rich ecosystem. Its ability to store and process
massive datasets using affordable hardware makes it indispensable for big data analytics [2], [4]. The modular ecosystem—including Hive, Pig, HBase,
Sqoop, and Ambari—expands Hadoop’s capabilities for data storage, querying, and management [6]-[19].

Although emerging technologies like Apache Spark [10] and Flink [21] provide faster in-memory processing, Hadoop remains the backbone of many
enterprise data platforms. With the shift toward hybrid and cloud-based architectures, Hadoop continues to play a critical role in building data-driven
solutions for businesses worldwide [25], [28].
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