Unit-3: Cloud Storage and Networking

Introduction to Cloud Storage Architecture

Cloud storage architecture is a structured framework that defines how data is
stored, accessed, managed, and secured in cloud computing environments.
Unlike traditional storage systems, cloud storage provides scalable and cost-
effective solutions, allowing organizations and individuals to store data remotely
and access it over the internet. It plays a crucial role in enabling remote work,
data sharing, and disaster recovery.

Components of Cloud Storage Architecture
Front-End Layer (Client Interface)

The front-end layer serves as the interface between users and the cloud storage
system. It allows users to upload, retrieve, and manage data using web-based
user interfaces, mobile applications, or APIs. This layer ensures user
authentication, authorization, and encryption, providing a secure gateway for
accessing cloud-stored data.

For example, when a user uploads a file to Google Drive, they interact with the
front-end interface, which then processes the request and sends the data to the
appropriate backend storage.

Middleware Layer (Management & Control Layer)

This layer acts as the brain of the cloud storage system. It is responsible for
managing metadata, processing user requests, ensuring data consistency, and
enforcing security policies. It also provides advanced features such as
deduplication (removing duplicate copies of data), compression (reducing
storage space usage), and encryption (protecting sensitive information).

A real-world example of this is Amazon S3’s metadata management system,
which keeps track of object storage locations and access permissions.

Back-End Layer (Storage Layer)

The back-end layer comprises physical storage devices such as hard disk drives
(HDDs), solid-state drives (SSDs), and distributed file systems that store actual
data. This layer implements redundancy mechanisms like replication (creating
multiple copies of data) and backup strategies to ensure data availability and
prevent data loss. For instance, Microsoft Azure uses geo-replication to store
data in multiple data centers, providing high durability and fault tolerance.
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Types of Cloud Storage

Block Storage

Block storage divides data into fixed-sized blocks, each assigned a unique
identifier. It is ideal for applications requiring fast and reliable access to
structured data, such as databases and virtual machines. Cloud providers like
Amazon EBS and Azure Disk Storage use block storage to enhance performance
and provide low-latency access to data.

Object Storage

Object storage manages data as objects, each containing metadata and a unique
identifier. This storage type is well-suited for storing unstructured data such as
multimedia files, backups, and archives. Cloud platforms like Amazon S3 and
Google Cloud Storage utilize object storage to handle large-scale data needs
efficiently.

File Storage

File storage follows a hierarchical structure, similar to traditional file systems,
making it ideal for collaborative work environments where multiple users need
shared access. Services like AWS Elastic File System (EFS) and Azure Files provide
scalable file storage solutions for cloud-based applications.



Key Features of Cloud Storage Architecture

e Scalability: Cloud storage can dynamically expand as data needs grow.

Elasticity: Resources adjust automatically based on usage demands.

e High Availability: Ensures continuous access to data, even in case of
failures.

e Data Security: Incorporates encryption, authentication, and compliance
mechanisms.

e Redundancy & Replication: Enhances data durability by maintaining
multiple copies.

Cloud Storage Deployment Models
Public Cloud Storage

Public cloud storage is hosted by third-party providers like AWS, Google Cloud,
and Microsoft Azure. It offers cost-effective, scalable solutions for businesses of
all sizes. For example, startups use AWS S3 to store customer data without
investing in physical infrastructure.

Private Cloud Storage

Private cloud storage is dedicated to a single organization, providing greater
security and control. It is commonly used by enterprises handling sensitive
information, such as banking institutions storing financial records.

Hybrid Cloud Storage

This model combines public and private cloud storage, allowing organizations to
balance security and cost efficiency. For instance, a company may store
confidential business data in a private cloud while using a public cloud for less
sensitive data.

Multi-Cloud Storage

Multi-cloud storage leverages multiple cloud providers to enhance redundancy
and optimize costs. Businesses use this strategy to avoid vendor lock-in and
ensure higher availability.



Challenges in Cloud Storage Architecture

e Data Security & Privacy: Protecting against cyber threats and
unauthorized access.

e Latency & Performance: Network delays affecting data retrieval speed.

e Cost Management: Balancing storage expenses with operational
efficiency.



