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Abstract

The purpose of this study is to clarify how the development and deployment procedures of applications
are impacted by cloud computing and microservices architecture, as these technologies become more
widely used. Applications have moved significantly to the cloud in recent years in order to benefit from
lower costs, elastic scalability, and other advantages. Simultaneously, a lot of businesses are switching
from monolithic programs to microservices in order to get more agility, scalability, and adaptability.
But moving to a microservices architecture hosted in the cloud also brings with it some new difficulties.
Investigating the benefits of microservices on the cloud, this study will analyze prior research and case
studies, including independent deploy ability and horizontal scalability. This study aims to provide light
on how application development and deployment procedures are impacted by cloud computing and
microservices architecture as these technologies gain traction. Recent years have seen a major
migration of applications to the cloud in order to take advantage of cheaper pricing, elastic scalability,
and other benefits. At the same time, many companies are moving away from monolithic applications
and toward microservices in order to gain greater flexibility, scalability, and agility. However,
switching to a cloud-hosted microservices design also presents some new challenges. This study will
examine the benefits of microservices in the cloud, such as independent deploy ability and horizontal
scalability, through a review of prior research and case studies.

Keywords: Microservices architecture, cloud computing, application development, deployment,
scalability

INTRODUCTION

The development and deployment of cloud apps have been completely transformed by microservices
architecture. Monolithic applications are broken down into more manageable, standalone services by
this architectural approach, allowing for individual development, deployment, and scaling. This has a
significant effect on the cloud applications' durability, scalability, and agility.

Sprightliness

*Author for Correspondence

Prabhdeep Singh
E-mail: sprabhdeep960@gmail.com

Assistant Professor, Department of School of Engineering and
Technology, The Northcap University, Gurugram, Haryana,
India
Student, Department of School of Engineering and
Technology, The Northcap University, Gurugram, Haryana,
India

Received Date: April 09, 2024
Accepted Date: June 07, 2024
Published Date: June 29, 2024

Citation: Anand Sehgal, Prabhdeep Singh, Harsha, Raghav
Vats. The Impact of Microservices Architecture on Cloud
Application Development and Deployment. Journal of
Communication Engineering & Systems. 2024; 14(2): 33-51p.

Because microservices allow teams to work on
several services at once, development cycles might
be finished faster. The time it takes to introduce new
features is significantly reduced when development
responsibilities are divided across several projects.
Because changes to individual services do not
impact the business as a whole, microservices also
simplify application updates and maintenance.

Achievability of Scaling

Because  separate  services may  grow
independently, microservices help applications
scale more effectively. This implies that certain
services can continue to operate at a lesser capacity
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while only those that are seeing significant demand need to be scaled up. This fine-grained scalability
contributes to cost savings and efficient use of resources [1].

Resilience

By isolating failures to specific services, microservices increase the resilience of applications. The
other services can keep running even in the event of a failure, guaranteeing the availability of the
application as a whole. To guarantee high availability and dependability in cloud systems, fault
tolerance is essential.

Microservices also encourage more code modularity, enhanced testability, and simpler deployment
procedures in addition to these advantages. Nevertheless, there are drawbacks to deploying
microservices in the cloud, including handling dispersed transactions, guaranteeing data consistency,
and managing service dependencies. Organizations should use best practices including service
discovery methods, lightweight communication protocols, and automated deployment and orchestration
tools to successfully incorporate microservices in the cloud. Organizations may fully utilize
microservices to create scalable, robust, and agile cloud applications by adhering to these best practices.

Background Knowledge

The fusion of cloud computing, service-oriented architecture, and containerization produced a
software development process called "cloud-based microservices architecture™. It provides a method
for creating cloud-based applications composed of tiny, loosely connected services [2]. As a result of
the introduction of service-oriented architecture and the subsequent developments in cloud computing
and containerization, the early 2000s might be considered the birthplace of this technology.

The necessity for more lightweight and agile designs was further highlighted by the emergence of
DevOps methodologies and the popularity of continuous deployment. Industry pioneers like as Netflix,
who developed and made tools and frameworks open-source, were instrumental in popularizing
microservices architecture. The community actively supported the development of standards and best
practices for designing and executing microservices-based cloud applications. Ultimately, cloud-based
microservices architecture is a developing approach to address the scalability and flexibility problems,
and continuous deployment that conventional monolithic systems have in the context of cloud
computing.

The community played a major role in helping to develop standards and best practices for developing
and deploying microservices-based cloud applications. When everything is said and done, cloud-based
microservices architecture is a ground-breaking method of resolving scalability concerns, and
continuous deployment that conventional monolithic apps have when operating on the cloud.

MICROSERVICES
By employing this technique, a collection of several small, separate services may be combined to
create a single application.

They interact with less significant techniques like an HTTP resource API. These modest services are
developing the means by which they may use a totally automated deployment system to carry out
business autonomously. A very basic centralized system barely manages the services. There are several
programming languages used to write these services [3].

They store data using a variety of technologies. With microservice design, self-contained, cooperative
little services may grow and be made available globally to a diverse pool of developers working in
different languages (Figure 1).
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Figure 1. Microservices: The Key to a Scalable and Resilient IT Architecture.

How it works
e Client requests: Users interact with the application through a user interface.
o APl gateway: This acts as a central hub, directing requests to the appropriate microservices.
e Microservices in action: Individual services handle their assigned tasks and communicate with
each other as needed.
e Unified response: The combined results from microservices are delivered back to the user.

Areas of debate

Due to their recent development, microservices are still the subject of several discussions. These
include implementation and maintenance strategies, quality and performance measures, and design
viewpoints. We discovered after reading through a large number of publications that some topics are
discussed more than others. Their significance as well as the uncertainty that now surrounds them might
be the reason of this.

a. An explanation of the architecture of microservices: Despite being the subject of several studies,
the architecture of microservices is still not well defined. One of the earliest books on the subject
of microservices was "Building Microservices". In his book, Sam Newman made an effort to
define microservices. He characterized them as:

“Microservices are small, autonomous services that work together”

Microservices are self-contained, bounded-scope components that provide interoperability via
message-based communication. A highly automated, adaptable software system composed of
capability-aligned microservices is called a microservice architecture. Aiming to solve the challenge of
identifying microservices, several academics made an effort to classify and identify the common
architectural features that they share [4]. The bulk of publications have found comparable traits, despite
the occasional variances in their reported characteristics. Several commonly used phrases to depict the
microservices architecture include:

o Individual accountability is emphasized in systems with loose coupling, which are characterized

by tiny dimensions and compact, publicly available interfaces

e Interacting using HTTP and REST: Many studies identify HTTP and RESTful communication

as one of the features of microservices, however that is not necessarily the case. In fact, REST
APIs are among the most popular technology in microservices, yet REST is not the only option;
RPCs are another one.
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b. Determining the Dimensions and Limitations: Determining the appropriate scope and dimensions
for microservices is an additional topic of debate. There are not many measures available to gauge
how big microservices are. Among them are a few:

e The quantity of code lines utilized in the development of microservices.
e Capacity to completely redesign a microservice in 2 to 6 weeks.
e Having a team that orders two pizzas (enough to serve the entire squad).

These measurements are obviously rudimentary techniques for determining microservice sizes. For
example, various programming languages may need varying numbers of lines of code to do the same
operation, or a service's complexity may affect how long it takes to rework. Given that some variables,
such as performance, can be significantly impacted by the amount of microservices, it is imperative to
specify fresh measures [1]. It is crucial to specify the limitations of microservices. This implies that the
services that execute different capabilities should be clearly divided. We now lack the knowledge and
resources necessary to define these boundaries. This is most likely the cause of the growing popularity
of DDD and SOA. SOA because of its modularity and implementation resemblance to microservices,
and DDD because of its capacity to design limited contexts that may be associated to microservices

c. Another phrase that is frequently used in conjunction with microservices is DevOps. The goal of
the DevOps technique set is to integrate software development methods with deployment and
operations methods. Microservices and DevOps are somewhat reliant on one another. Both of
them rely significantly on virtualization and the cloud. DevOps is attempting to tackle a number
of issues, some of which are mentioned below:

Scaling,

Automation,

Continuous delivery,

Dealing with cloud technologies,

Monitoring, and

Resource efficiency.

But what is the relationship between DevOps and microservices? Microservices offer a method to
address some issues, including those related to scalability and continuous delivery. They expedite
delivery and lessen the difficulty of scaling because of their lower size. However, a highly automated
system with sophisticated monitoring capabilities is needed in order to leverage microservices. DevOps
advocates a system similar to this one [5]. Implementing a system with these features is made easier by
the cloud environment.

d. Cloud: A large number of the features needed to deploy microservices are offered by Cloud.
Applying DevOps techniques is also perfectly suited for this setting. Its foundation is made up
of a number of loosely connected parts. Because of this, the structure of microservices fits the
cloud's flexibility well. Solutions that are dynamic, scalable, and utilize resources more
effectively are offered by cloud services. These characteristics make the cloud a more popular
setting for microservices operation. Cloud customers may tailor their infrastructure to the specific
needs of their applications because to the extensive number of configuration options available
[6]. Because cloud services are easily accessed over the web, they are open to everyone. Because
of this, its users may oversee them from any area, as shown in Figure 2.

CLOUD MAGIC
Cloud computing and microservices are perfect partners:
e Cloud provides the stage: Scalable resources and on-demand services are ideal for deploying and
managing independent microservices.
e Microservices shine on the cloud: They leverage cloud features like auto-scaling and resource
isolation for optimal performance.
e Together they empower: This dynamic duo enables building highly responsive, adaptable, and
efficient applications.
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Figure 2. How Microservices Architecture works.

Microservices are not a silver bullet, but they offer a compelling path to building applications that
thrive in today's ever-changing landscape.

MICROSERVICES: POWERING EFFICIENCY AND SCALABILITY ACROSS
INDUSTRIES

Microservices architecture is transforming the way applications are built and deployed, offering

advantages beyond just faster development. Here is a closer look at some key areas where it shines:

a. Data Processing: Imagine handling massive datasets for real-time insights. Microservices
architecture enables applications to scale horizontally, effortlessly processing large
volumes of data simultaneously. This translates to faster analytics, quicker decision-
making, and optimized application performance.

b. Media Content Delivery: Platforms like Netflix and Amazon Prime Video face billions of
daily requests. Here, microservices ensure seamless delivery of diverse content across
regions. By distributing workload across independent services, they offer high
availability, reduced latency, and a smooth user experience.
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c. Website Migration: Migrating websites can be daunting, risking downtime and disruption.
Microservices alleviate this concern. By breaking down the website into independent
services, changes can be rolled out incrementally, minimizing downtime and ensuring a
smooth transition.

d. Transactions and Invoicing: When handling high-volume transactions and invoices, even
minor glitches can have significant consequences. Microservices come to the rescue by
isolating payment processing functionality. This creates a resilient system where an issue
in one service does not impact others, maintaining seamless transactions and invoice
generation.

Beyond these examples, microservices find applications in various industries, including:
o E-commerce: Personalizing the shopping experience and enabling smooth, scalable transactions.
e |oT: Efficiently managing and analyzing data from interconnected devices.
e Healthcare: Building secure and adaptable applications for patient care and data management.

The best architecture for you will rely on your unique requirements, but if agility, scalability, and
resilience are priorities, microservices offer a compelling path forward.

MICROSERVICES TOOLS
Microservices tools facilitate the design, development, deployment, and management of microservices
architecture, enabling scalable, modular, and efficient application systems as shown in Figure 3.

A CI1/CD Pipeline: What Is It?

Continuous Integration/Continuous Deployment, or CI/CD for short, is what it stands for. But first,
let us try to define a pipeline. A pipeline in computing is a collection of steps or operations that are
connected to create a processing system [7]. After receiving an input and processing it in compliance
with a set of rules, each stage in the pipeline delivers its outputs to the stage after it. The output of the
pipeline's last stage is often its total output, such as the steps listed below: Code testing, application
building, repository pushing, and server deployment. Each of the aforementioned stages must be
completed in the order listed above. If any step or stage fails, the process will not continue until the
preceding step has been completed successfully.

Continuous Integration (Cl): What is it?

Every time new code is committed to remote repositories like GitHub, GitLab, etc., continuous
integration takes place. A shared repository will be continually built, tested, and merged using
continuous integration (Cl), as shown in Figure 4.

Continuous Integration's (Cl) advantages
o \We are able to keep up with the project reports.
o Within the allotted period, deployments may be made, and bugs can be located fast.

Continuous Delivery/Deployment (CD)?

Ongoing Implementation/Continuous Deployment refers to the process of delivering applications and
code to various environments, such as development, test, and production, either automatically through
pipeline steps or manually. The fundamental element of continuous deployment and integration is build
automation.

What is Jenkins?

Pipelines for continuous integration and continuous delivery, or CI/CD, are made possible by the
open-source automation server Jenkins. It is a well-liked technology in software development that
automates software application creation, testing, and deployment.
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Important characteristics

Continuous Integration: Initiates, builds and tests by automatically merging code updates from
several developers into a single repository.

Continuous Delivery: Ensures a dependable and seamless release process by automating the
installation of new software versions in production settings.

Pipeline Management: Gives users a visual depiction of CI/CD pipelines so they can monitor
development and spot bottlenecks.

Plugin Ecosystem: Supports a sizable ecosystem of plugins, including deployment tools, testing
frameworks, and source code management, that increase its capability.

Scalability: Supports distributed builds and cloud integration, and can be expanded to manage
big teams and projects.

Community Support: Documentation, discussion boards, and contributions are offered by a
sizable and vibrant community.

Advantages

Code Quality Is Increased: Automating testing and validation results in better code with fewer
errors.

Faster Delivery: expedites the time to market and boosts productivity by streamlining the
software delivery process.

Decreased Errors: Automating tedious jobs reduces human mistake and boosts dependability.
Collaboration and Visibility: Offers a single platform where teams may work together and
monitor the development of software.

Cost Savings: Task automation lowers the need for physical labor and the cost of infrastructure.

Use Cases
Jenkins is employed in several software development contexts, such as:

Developing and evaluating online and mobile apps implementing cloud services and
infrastructure automating compliance and security audits.
Keeping track of software dependencies and settings conducting load and performance tests.

Case study
Uses of Jenkins

1.

2.

Jenkins ensures consistency and efficiency in development workflows by automating the build
and deployment processes, reducing the effort required for repetitive coding.

By integrating individual jobs into Jenkins, developers may improve overall project integration
by establishing a unified and automated pipeline where various processes, such building, testing,
and deploying, can be coordinated with ease.

Development teams may collaborate and communicate in real time when Slack and Jenkins are
synchronized. This is achieved by instantly receiving updates and notifications about Jenkins
build and deployment operations in Slack channels.

Jenkins' thorough logging and reporting tools make auditing easier by enabling teams to monitor
modifications, spot problems, and keep an extensive audit trail for increased accountability and
transparency.

Improved data support for project management in Jenkins guarantees access to comprehensive
build and deployment information for development teams, promoting data-driven choices and
augmenting project visibility in general.

Jenkins' manual tests option offers flexibility in combining human testing endeavors with
automated quality assurance procedures by enabling the incorporation of manual testing
procedures into automated pipelines.

Jenkins' automated testing features enable a larger percentage of the codebase to be tested,
increasing code coverage and lowering the likelihood of problems being unnoticed. This
improves software quality.
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8. Jenkins streamlines code deployment to production by providing an automated and dependable
method of deploying code changes into production settings, eliminating downtime and lowering
the possibility of deployment failures.

The innovation pipeline: DevOps, CD, and CI

One of the fundamental ideas behind an organization's usage of DevOps, continuous integration, and
continuous delivery is maintaining innovation. Organizations invest significant resources to ensure the
success of these processes, as we have covered in prior posts. They adhere to the continuous integration
guidelines, which include automatically integrating and validating each update to find faults as soon as
feasible. After then, they switch to continuous delivery, which makes sure that software is always ready
for shipping and release. In the end, they are able to put a DevOps culture into place and achieve
consensus on the common principles of cooperation, experimentation, and learning in the quest to
deliver software faster than ideas [8].

These best practices offer more for a company than merely guarantee that its software is functional
and tested. They assist companies in completely altering their business practices.

These procedures lay the foundation for an agile business and expand the idea of agile development
across the software lifecycle. Businesses who master the craft of creating and distributing value,
enhancing it gradually day by day, week by week, and providing that value to consumers consistently
and perpetually will surpass rivals in their field.

However, what sets disruptors apart from the rest of the pack is more than simply their quickness in

creation and delivery. It is their capacity to obtain input and apply that flexibility to promptly react to
the market and their clientele as shown in Figures 5-8.
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Figure 5. Top Industries that use Jenkins [8].
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Distribution of companies using jenkins by company size
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18000 - 16788
16000 -
14000 -
12000 -
10000 -
8000 -
6000 -
4000 -
2000 -

12707

3845 3810 3919 3932

2508

OM-1M 1M-10M 10M-50M 50M-100M  100M-200M 200M-1000M >1000M

Figure 8. Distribution of companies that use Jenkins based on company size (Revenue) [8].

© STM Journals 2024. All Rights Reserved 42



Journal of Communication Engineering & Systems
Volume 14, Issue 2

ISSN: 2249-8613 (Online), ISSN: 2321-5151 (Print)

Table 1. Use of DevOps over a period of time.

Time Period

Milestones and Activities

Impact on Development and Operations

Year 1

Introduction to DevOps concepts

Increased collaboration between development and
operations teams

Initial adoption of version control
systems

Faster and more reliable software development

Basic automation of build and
deployment

Reduction in manual errors during deployment

Year 2 Implementation of continuous Continuous feedback on code quality and
integration integration
Adoption of containerization (e.g., Improved portability and consistency across
Docker) environments
Introduction of automated testing Earlier detection and resolution of software defects
Year 3 Integration of continuous delivery Accelerated and more reliable software delivery
pipelines
Implementation of Infrastructure as Automated and consistent infrastructure
Code (IaC) provisioning
Introduction of monitoring and Enhanced visibility into application performance
logging tools
Year 4 Advanced automation of deployment | Reduced deployment lead times and increased
processes frequency
Emphasis on collaboration through Realtime communication and collaboration among
ChatOps teams
Implementation of automated scaling | Improved scalability and responsiveness of
applications
Year 5 Adoption of DevSecOps practices Integration of security into the entire development

lifecycle

Implementation of feature flagging

Ability to release features incrementally and
selectively

Embracing cloudnative development

Leveraging cloud services for enhanced agility and
scalability

This Table 1 is a generic example, and the specific milestones and impacts may vary based on the
organization's context, industry, and goals. It is essential to tailor the table according to the unique
journey and objectives of the organization adopting DevOps.

Constructing a microservices architecture demands the utilization of a variety of tools and
methodologies for foundational tasks and comprehensive framework support. Here are several crucial
tools for this purpose:

Operating System

An imperative tool for application development is the operating system (OS). Linux, for instance,
provides significant development flexibility, offering a self-contained environment for executing
program codes. It presents versatile options for security, storage, and networking, making it a preferred
choice for application development.

Programming Languages
The microservices architecture permits the use of diverse programming languages across
applications, allowing for flexibility based on the characteristics of each microservice [9].

APl Management and Testing Tools

Given the constant communication requirement of microservices, the role of application
programming interfaces (APIs) is pivotal. APl management and testing tools become indispensable for
the continuous monitoring, management, and testing of APIs to ensure their optimal functionality.
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Messaging Tools
Facilitating communication among microservices, both internally and externally, messaging tools
like RabbitMQ and Apache Kafka play a crucial role in a microservices architecture.

Toolkits
Toolkits in a microservices architecture are wielded for the construction and development of
applications. Examples include Fabric8 and Seneca, each serving distinct purposes for developers.

Architectural Frameworks
Microservices architectural frameworks provide practical solutions for application development,
equipped with a library of code and tools for the configuration and deployment of applications.

Orchestration Tools
Tools for container orchestration manage and optimize containers within microservices architecture,
establishing a framework for streamlined container operations.

Monitoring Tools
Essential for overseeing the performance of a microservices application, monitoring tools ensure
smooth operation and aid in the identification of potential bugs or glitches.

Serverless Tools
Offering enhanced flexibility within microservices by eliminating server dependencies, serverless
tools facilitate a more straightforward rationalization and division of tasks within an application.

LITERATURE SURVEY

Particularly in cloud contexts, microservices architecture has become a common method for building
and developing systems. Microservices, which divide applications into smaller, self-contained services
that are each in charge of particular business functions, provide many benefits over conventional
monolithic designs. In order to understand how businesses may use this architecture to create scalable,
robust, and agile applications, this study will examine the advantages, difficulties, and best practices
related to microservices deployment on cloud platforms.

Scalability is one of the main benefits of microservices on cloud systems. Individual components of
a microservice can be autonomously scaled up or down in response to changing demand levels.
Organizations can assure maximum performance and optimize resource use without over-provisioning
thanks to its granular scalability. High traffic services, for instance, can be expanded horizontally by
spreading out several instances among dispersed nodes, while services that are used less often can
continue to be scaled down to save money and minimize resource waste.

Microservices also make deployment and continuous delivery procedures easier. The development,
testing, and deployment of individual services may be done without affecting the way the program
functions as awhole. As a result, companies may provide new features and upgrades more often, shorten
the time to market, and react swiftly to shifting customer expectations. Organizations may expedite the
deployment process and guarantee consistency and dependability across environments by using
automated deployment pipelines on cloud platforms.

Nevertheless, there are drawbacks to implementing microservices on cloud platforms, especially
when it comes to debugging, monitoring, and communication. The fact that microservices are dispersed
and utilize networks for communication makes problem solving and diagnosis more difficult.
Furthermore, debugging is made more difficult by the transient nature of cloud infrastructure, as
instances can be dynamically provided and de-provisioned. Organizations require strong debugging and
monitoring technologies, efficient communication channels, and sound management techniques to
handle these issues.
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Another difficulty with microservices design is managing inter-service dependencies. As services
engage with one another via APIs, it is critical to guarantee appropriate communication and avoid
latency problems. It is imperative for organizations to meticulously create service boundaries grounded
on domain logic, provide unambiguous interfaces and contracts, and establish efficacious systems for
managing dependencies. Additionally, implementing centralized systems for logging, monitoring, and
configuration can simplify processes and increase insight into service interactions.

Organizations should use best practices and architectural patterns to get beyond these obstacles and
take advantage of microservices architecture on cloud platforms. By managing settings and
configurations centrally, centralized configuration management helps businesses maintain consistency
and cut down on complexity. While API gateways offer a single point of entry for external clients and
enforce security standards and access control, standard communication protocols let services work
together more easily [10].

Moreover, microservices lifecycle management and deployment depend heavily on automation.
Organizations may reduce human labor and ensure consistency by using infrastructure as code (1aC) to
deploy and configure infrastructure resources programmatically. Scalability, resilience, and agility
may be achieved by enterprises through the use of containerization technologies such as Docker
and Kubernetes, which offer lightweight and portable environments for microservice deployment
and orchestration.

Furthermore, enhancing application dependability and fault tolerance may be achieved by the use of
resilience patterns such load balancing and circuit breakers. Circuit breakers work by isolating
malfunctioning services to prevent cascade failures, while load balancing optimizes performance and
resource usage by dividing incoming traffic evenly across several instances. Organizations may
maximize the advantages of scalability, agility, and resilience while navigating the challenges of
deploying microservices on cloud platforms by using these strategies and best practices.

To sum up, microservices architecture provides a strong method for creating contemporary, cloud-
native apps. In cloud settings, enterprises may gain scalability, agility, and resilience by decomposing
large applications into smaller, loosely linked services. Deploying microservices on cloud platforms,
however, comes with difficulties in managing dependencies, debugging, and monitoring. Through the
use of optimal methodologies like as automation, resilience patterns, and centralized configuration
management, enterprises may surmount these obstacles and fully leverage the capabilities of
microservices architecture on cloud platforms.

CLOUD SECURITY CONSIDERATIONS
e Increased attack surface: It becomes more difficult to safeguard the entire system when several
microservices are operating in a distributed environment.
e Shared resources: In a cloud setting, microservices could collaborate with other apps on shared
networks and storage, which might put them at risk for security issues if improperly segregated.
e Multi-tenant infrastructure: Cloud systems frequently use multi-tenant infrastructure, which
poses hazards if it is not set up and protected correctly.

Testing Strategies
Testing Procedures for Cloud Platform Microservices Architecture:
o Service-level testing: Every microservice should undergo independent testing with an emphasis
on performance, robustness, and functional accuracy under various scenarios.
e Contract testing driven by the customer: Contract testing should be used to make that
microservices follow mutually agreed-upon communication contracts (such as message formats
and API contracts) and service interoperability.
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e Integration testing: Verify that the system performs as intended by replicating real-world
scenarios and evaluating the interactions and communication between microservices.

e Comprehensive end-to-end testing should be carried out to verify the application's overall
behavior and operation, including the interactions between microservices.

e Chaos engineering: To evaluate the fault tolerance and resilience of microservices and the system
as a whole, introduce controlled failures or unfavorable circumstances.

METHODOLOGY

In order to have a thorough knowledge of how top firms have applied microservices architecture on
cloud platforms in practical settings, this study will utilize a qualitative research technique. The
researcher's professional network and an initial assessment of the literature will be used to identify
potential participants. Wherever possible, participants may also be asked to provide relevant documents,
such as architectural diagrams, roadmaps, and process documentation.

The documentation gathered will be analyzed utilizing qualitative data analysis techniques. The
information will be coded in order to spot recurring themes and variations in methodology. A within-
case and cross-case study will be carried out to compare and contrast the architectures, development
processes, operational strategies, and other practices used by various firms [11]. The analysis's primary
conclusions will be recorded as thorough case studies of the microservices’ implementations used by
each company. We will also identify and talk about anti-patterns, general best practices, and factors to
consider while growing microservices on the cloud. The goal of the study is to give useful information
to enterprises that are organizing their transition to cloud-native architecture.

IMPACT ON APPLICATION DEVELOPMENT
Modifications to development methods and processes:
e Agility is fostered by teams' ability to autonomously design, implement, and expand services.
However, it also calls for excellent coordination.
e DevOps and Continuous Integration/Delivery are two methodologies that are crucial for enabling
autonomous, quick service development and deployment.

COOPERATION AND CORRESPONDENCE INSIDE A MICROSERVICES FRAMEWORK
Loose coupling depends on well-defined interface definitions and contracts between services. Teams

can better grasp how services interact with the aid of tools for service discovery and APl documentation.

Work across separate, autonomous teams can be coordinated with the use of collaboration technologies.

Technology and tooling considerations for cloud-based microservices [12]:
e Microservices are packaged and deployed using containerization (Docker) for scalability.
Kubernetes and other orchestration solutions provide scaled container management.
Backend service access is managed with the use of APIs and API gateways.
Distributed tracing facilitates cross-service request monitoring.
Variable app settings in various contexts are managed using configuration management
technologies.
e In order to lighten the strain on backend services, caching is crucial. Redis and other in-memory
caches are often utilized.
o When a service's data volume increases significantly, database sharding could be required.
e Building event-driven logic without having to manage servers is made possible by serverless
technologies like AWS Lambda.

In conclusion, in order to facilitate autonomous but coordinated development at scale in the cloud,
microservices necessitate modifications to procedures, instruments, and culture. Automation,
documentation, and teamwork all become significantly more crucial.

© STM Journals 2024. All Rights Reserved 46



Journal of Communication Engineering & Systems
Volume 14, Issue 2
ISSN: 2249-8613 (Online), ISSN: 2321-5151 (Print)

COST CONSIDERATION

When making decisions about deploying microservices on cloud platforms, cost is a critical factor
for enterprises. The financial implications of adopting microservices architecture in a cloud
environment are thoroughly examined in this section.

A dynamic cost model that is impacted by several important elements is introduced when
microservices are deployed on cloud systems. Resource consumption becomes a key factor, and
enterprises need to evaluate how much processing, storage, and networking power each microservice
requires. It is essential to comprehend how various microservices use different resources in order to
optimize resource allocation and reduce wasteful spending.

Another important component of the total cost is data transport charges. The volume and frequency
of data transfers between services must be taken into account by companies as microservices interact
and exchange data throughout the cloud. It is crucial to establish effective data transfer protocols and
reduce needless data movement since high data transfer rates have the potential to increase expenses.

Cost concerns are further influenced by service dependencies. Microservices are intricately
interconnected, suggesting that the availability and performance of one service may affect that of others.
Businesses must assess the possible knock-on impacts of service interruptions and put plans in place to
lessen the likelihood of cascading failures. Monitoring systems and redundancy controls could also be
required to guarantee the best possible service availability and, as a result, minimize downtime
expenses. Costs are also significantly influenced by the particular services used and the cloud service
provider selected. Price models vary throughout suppliers, therefore choosing the most economical
solutions necessitates a detailed comprehension of each provider's services and related price structures.

Organizations should think about using cloud cost management solutions in order to efficiently
control and optimize expenses. These technologies reveal how resources are used, point out possible
areas of overspending, and make suggestions for cost-saving measures.

In conclusion, enterprises traversing the challenging terrain of microservices deployment on cloud
platforms need to have a sophisticated grasp of cost issues. Through the strategic management of
resource consumption, data transmission, service dependencies, and cloud provider selection,
enterprises may improve overall sustainability and efficiency while simultaneously managing costs.

IMPACT ON APPLICATION DEPLOYMENT
Deployment Strategies

Containerization (Docker, Kubernetes) is the best way to deploy microservices separately and
autonomously. This makes it possible for each microservice to be deployed, scaled, and managed
independently. Container orchestration and administration are made possible by deploying to cloud
platforms such as AWS ECS, GKE, and Azure Kubernetes Service.

Scalability and Elasticity

By adjusting the number of containers or instances in response to demand, cloud platforms enable
microservices to scale horizontally. This offers flexibility and scalability right in. Microservices may
be dynamically scaled using auto-scaling strategies. Traffic is distributed among scalable instances via
load balancers.

Monitoring and Management

Microservices running in containers may be observed using tools offered by cloud platforms, such as
metrics, logs, traces, and more. Microservices are monitored using ELK stack, Datadog, Prometheus,
and other tools. Microservices can benefit from traffic management, policy enforcement, and
observability thanks to service meshes like Istio.
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Orchestration

Platforms for container orchestration, such as Kubernetes, automate service discovery and the
deployment, scaling, and administration of containers. Resources, deployment policies, and other
parameters can be specified by operators. External traffic to services is load balanced via Kubernetes
Ingress controllers.

Deployment patterns

To minimize downtime during deployments, rolling, canary, and blue-green deployments are popular
patterns. An immutable infrastructure strategy lessens reliance on already-existing instances. Pipelines
for continuous delivery and deployment aid in automating deployments.

Security

Vault and similar tools offer secret management. Access is limited by role-based access restriction.
Traffic is filtered by WAFs. Authorization and authentication between services are provided via
service meshes.

SAFEGUARDING INTERACTIONS AMONG MICROSERVICES

e Encryption: To encrypt data while it is being sent between microservices, use secure
communication protocols (such as HTTPS and TLS).

o Authentication and Authorization: To guarantee that only verified and approved microservices
are able to communicate with one another, implement strong authentication and authorization
procedures.

e JSON Web Tokens (JWT), service accounts, or other safe techniques should be taken into
consideration for service-to-service authentication.

o Use API gateways, which offer extra security features like rate limitation, authentication, and
access control, as a central point of entry for external communication.

ACCESS CONTROL AND DATA SECURITY IN ADISTRIBUTED SYSTEM

o Data Encryption: Use secure key management procedures and industry-standard encryption
techniques to encrypt critical data while it is at rest.

e Apply the concept of least privilege by allowing microservices to access resources and data with
the bare minimum of authorization.

e Use role-based access control (RBAC) to control access rights and limit which microservices
have access to what information or resources.

e Secure Storage: To safeguard data while it is at rest, use secure storage solutions (such as
encrypted databases and object storage).

¢ Implementing thorough auditing and logging procedures can help you keep track of data changes
and access, which will help you identify any possible security breaches.

e Adopt safe coding techniques, such as input validation, output sanitization, and defense against
common vulnerabilities in online applications, to ensure secure development.

TECHNIQUES FOR END-TO-END AND INDIVIDUAL MICROSERVICE TESTING

o Tests of units: To verify specific parts and functionalities, provide thorough unit tests for every
microservice.

e Service mocking: To enable isolated testing of individual microservices, during testing, mimic
the behavior of dependencies and other services using service mocking or stubbing.

e Consumer-driven contract testing: Use frameworks for contract testing (such as Pact and Spring
Cloud Contract) to design and verify microservice contracts.

e Whole-stack test automation: To replicate user interactions and verify the whole application flow,
including microservices and their connections, create automated test scripts or frameworks (such
as Selenium, Cypress).
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o Use artificial intelligence (Al) technologies, such as Selenium and Gatling, to test the application
continually from multiple angles and with varying loads.

AUTOMATED TESTING INTEGRATION WITH CI/CD PIPELINES

e Establish continuous integration (Cl) pipelines that automatically create, test unit releases, and
merge microservice updates.

e Continuous Deployment (CD): Create CD pipelines with automated integration and end-to-end
testing to deploy microservices to production or staging environments.

o Test parallelization: Accelerate the execution of test suites for individual microservices and the
application as a whole by utilizing parallel testing capabilities.

o Test reporting and analysis: To provide thorough reports and insights into test coverage, failures,
and performance, use test reporting and analysis technologies (such as JUnit, Cucumber).

o Test feedback loops: Include testing input in the development process so that teams may find and
fix problems early and make continual improvements to the microservices' quality [13, 14].

CONCLUSION

Software engineering is undergoing a revolutionary paradigm change as a result of the investigation
into how microservices architecture affects the creation and implementation of cloud applications. The
study highlights the several benefits that microservices provide, such as enhanced fault isolation,
scalability, and modularity. After a thorough analysis of performance measures including throughput,
response time, and resource use, a clearer picture of how microservices improve application
performance has been formed.

Dynamic scaling is made possible by the elasticity and scalability of microservices architecture,
which effectively handles fluctuating workload needs. The assimilation of orchestration platforms like
Kubernetes with containerization technologies like Docker illustrates a methodical approach to
microservice deployment and management in cloud settings. The work also cover fault tolerance and
resilience in great detail, offering reliable procedures to deal with malfunctions and guarantee constant
high availability.

Microservices' actual implementations and performance outcomes are demonstrated through real-
world case studies in various fields such as healthcare and 10T. This serves to reinforce the importance
of microservices in complex and varied application environments. Notwithstanding the obvious
advantages, difficulties with communication, service identification, security, and monitoring are
recognized. Overall, the study's collective insights, assessments, and suggestions serve the needs of
practitioners and researchers alike, providing insightful advice for adopting and improving cloud-based
microservices architecture in the dynamic field of application development and deployment.

Future research directions
New Technologies Affecting Cloud Platform Microservices:

e Serverless Computing: By leaving the underlying infrastructure administration to the cloud
provider, serverless computing (such as AWS Lambda and Azure Functions) allows developers
to concentrate only on creating application code. This method, which is in line with the concepts
of cloud-native architectures, can further streamline the deployment and scalability of
microservices.

e Service Mesh: Technologies like as Istio and Linkerd, which manage service-to-service
communication, observability, and security, offer a separate infrastructure layer. Service meshes
can simplify operations and improve security by managing the interactions between services in
increasingly complex microservices systems.

e Edge Computing: By bringing processing closer to the data source, edge computing lowers
latency and bandwidth needs. By allowing the deployment of certain services at the edge, closer
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to end users or devices, this technique may have an influence on microservices architectures by
improving performance and lowering network load.

e Machine learning (ML) and artificial intelligence (Al): ML and Al can help optimize and
automate a number of microservices architecture-related tasks. Predictive maintenance,
automatic scaling, anomaly detection, and intelligent load balancing are a few examples of this.
Furthermore, microservices facilitate the deployment of Al models as standalone services by
acting as building blocks for ML and Al pipelines.

Acknowledgments

Three like-minded individuals, driven by a common interest in computer science and a resolute will
to learn, set out on a research trip that would have a lasting impact on the constantly changing field of
microservices design. The three musketeers of the B.Tech. Computer Science and Engineering program
would like to express our sincere thanks to the people and institutions that have helped to shape and
enhance our academic pursuits.

First and foremost, we would like to express our sincere gratitude to Mr. Anand Sehgal, Assistant
Professor, School of engineering and technology, CSE, The NorthCap University, who served as our
research supervisor. Their advice, support, and mentorship were vital during the whole study process.
Their sage advice, helpful critiques, and unshakable dedication have greatly influenced the course and
caliber of this research.

We express our gratitude to the distinguished professionals in the field who so kindly contributed
their expertise and experiences, which helped us to better comprehend the application of microservices
in practical settings. We really thank the senior architects and engineers for their openness, their
readiness to share architectural diagrams and documentation, and their unmatched knowledge, which
was a lighthouse for us as we investigated microservices in practice.

We would like to thank The NorthCap University for its assistance, which has given us the tools,
space, and academic setting we need to carry out our study successfully. The technical support team
and library personnel have provided significant help that has made it possible to obtain pertinent
material and ensure a seamless research experience.

We truly thank all of the people and institutions that have helped this research project to be completed
successfully, whether directly or indirectly. Their assistance has been crucial in expanding our
knowledge of microservices architecture and how it affects the creation and implementation of
cloud applications.

REFERENCES

1. Mateus-Coelho N, Cruz-Cunha M, Ferreira LG. Security in microservices architectures. Procedia
Comput Sci. 2021 Jan 1; 181: 1225-36.

2. Alshugayran N, Ali N, Evans R. A systematic mapping study in microservice architecture. In 2016
IEEE 9th international conference on service-oriented computing and applications (SOCA). 2016
Nov 4; 44-51.

3. Munaf RM, Ahmed J, Khakwani F, Rana T. Microservices architecture: Challenges and proposed
conceptual design. In 2019 IEEE International Conference on Communication Technologies
(ComTech). 2019 Mar 20; 82-87.

4. Engstrom E, Runeson P. Software product line testing—a systematic mapping study. Inf Softw
Technol. 2011 Jan 1; 53(1): 2-13.

5. Balalaie A, Heydarnoori A, Jamshidi P. Microservices architecture enables devops: Migration to a
cloud-native architecture. IEEE Softw. 2016 Mar 18; 33(3): 42-52.

6. Ilvarsson M, Gorschek T. A method for evaluating rigor and industrial relevance of technology
evaluations. Empir Softw Eng. 2011 Jun; 16(3): 365-95.

© STM Journals 2024. All Rights Reserved 50



Journal of Communication Engineering & Systems
Volume 14, Issue 2
ISSN: 2249-8613 (Online), ISSN: 2321-5151 (Print)

7.

8.

10.

11.

12.

13.

14.

Levcovitz A, Terra R, Valente MT. Towards a technique for extracting microservices from
monolithic enterprise systems. arXiv preprint arXiv:1605.03175. 2016 May 10.

Yashwanth Medisetti. (2021). Industry Use cases — Jenkins. Yashwanth Medisetti - Medium
[Online]. Medium. Available from: https://yashwanthsaikrishna.medium.com/industry-use-cases-
jenkins-ca9af9da05c4

Jaccheri ML, Picco GP, Lago P. Eliciting software process models with the e 3 language. ACM
Trans Softw Eng Methodol (TOSEM). 1998 Oct 1; 7(4): 368-410.

Jamshidi P, Pahl C, Mendonga NC, Lewis J, Tilkov S. Microservices: The journey so far and
challenges ahead. IEEE Softw. 2018 May 4; 35(3): 24-35.

Claus Pahl and Pooyan Jamshidi. Microservices: A Systematic Mapping Study. In Proceedings of
the 6th International Conference on Cloud Computing and Services Science (CLOSER 2016). 2016;
1: 137-146.

Wolff E. Microservices: flexible software architecture. Addison-Wesley Professional;
Massachusetts, USA. 2016 Oct 3.

Pautasso C, Zimmermann O, Amundsen M, Lewis J, Josuttis N. Microservices in practice, part 1:
Reality check and service design. IEEE Softw. 2017 Jan 1; 34(01): 91-8.

Dragoni N, Giallorenzo S, Lafuente AL, Mazzara M, Montesi F, Mustafin R, Safina L.
Microservices: yesterday, today, and tomorrow. Present and ulterior software engineering. Cham:
Springer; 2017; 195-216.

© STM Journals 2024. All Rights Reserved 51


https://yashwanthsaikrishna.medium.com/industry-use-cases-jenkins-ca9af9da05c4
https://yashwanthsaikrishna.medium.com/industry-use-cases-jenkins-ca9af9da05c4

